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ABSTRACT 

Contemporary models of reading indicate that reading achievement and impairment are the 

products of the complex interaction of motivational, cognitive and metacognitive processes. 

Most previous research has relied on correlational studies to examine the links amongst these 

variables. Given the complex relationships of these variables, research designs which examine 

these constructs simultaneously and which establish causal relationships are needed. The 

dearth of interactive research with different populations is surprising considering that reliable 

and theoretically meaningful models that are generally invariant across subpopulations would 

contribute much towards theoretical parsimony and progress of educational research. 

In light of the above considerations, the present study was designed with the primary goal of 

replicating and extending a previous test of a structural model of reading achievement. The 

main goal was to explain and predict both reading achievement and impairment from the 

complex and multicomponential perspective of a model of metacognition. Specifically, this 

involved an examination of the causal influences of young adolescent students' attributional 

style, and self-efficacy on metacognitive knowledge and their use of cognitive and 

metacognitive strategies. In addition, these same variables were examined to see how they 

related to their reading comprehension performance and how the relationships differed in 

normal achieving (NA) and reading disabled children (RD). A secondary goal of this study 

was the investigation of variables that would distinguish between RD and NA readers. 

There were three phases involved in the present study. Phase 1 concerned sample selection 

and involved administration of a short-form of the Wechsler Intelligence Scale for Children

Revised. Selection of RD children was based on a six-stage multidefmitional approach. A 

. sample of NA readers with reading achievement consistent with their age was also identified. 

A total of 203 NA readers and 204 RD readers were selected to parti�ipate in this study. 

The data were collected in Phases 2 and 3. Phase 2 involved administration of two self-report 

questionnaires which examined children's attributional style, use of strategies, metacognitive 

knowledge, and self-efficacy for reading. Phase 3 involved individually administered reading 

interviews. All questionnaires and reading interviews were administered within a two week 

period. 
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The relationships among general intellectual ability, attributions, self-efficacy, metacognitive 

knowledge, metacognitive/cognitive strategy use, and reading comprehension in NA and RD 

children were evaluated using four models. The results were analyzed using structural 

equation modelling procedures. The proposed models provided a statistically adequate fit for 

the obtained data, accounting for about 60% of the variance in student performance. Several 

structural relationships were similar across groups suggesting that the metacognitive

motivational systems of NA and RD children were rather similar. For instance, the 

relationships between attributional style (as a single latent construct), efficacy, metacognitive 

knowledg�. cognitive strategy use and metacognitive strategy use were similar across groups. 

Nearly all of the structural correlations and the direct and indirect coefficients were in the 

theoretically expected direction. In both groups, students' adaptive attributional beliefs 

significantly predicted self-efficacy and metacognitive knowledge. However, when the 

separate effects of attributional style were examined for each outcome, the results revealed 

that adaptive attributional style for failure was the only significant predictor of metacognitive 

knowledge. Furthermore, the attributional components varied in their impact on self-efficacy 

and these differential effects also varied across groups. 

An important contribution of this study was the incorporation of "strategy use" in the model. 

When combined strategy use (both metacognitive and cognitive) was included in the model, 

metacognitive knowledge no longer had a direct impact on reading performance 

(comprehension), instead combined strategy use played a significant role in mediating this 

relationship. Self-efficacy as well as metacognitive knowledge predicted combined strategy 

use which in turn predicted reading comprehension. Closer examination of the components 

of combined strategy use revealed that only "metacognitive strategy use" directly predicted 

reading comprehension across groups. The mediating role played by cognitive strategy use 

in the relationship between metacognitive knowledge and comprehension performance differed 

across groups. Self-efficacy directly and positively predicted metacognitive knowledge and 

metacognitive/cognitive strategy use. 
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The results suggested that attributional style plays a pivotal role in the metacognitive 

development of both NA and RD children. A number of causal paths distinguished good 

from poor readers. They were the paths between ability and success/failure attributions, 

ability and performance, success/failure attributions and efficacy, cognitive strategy use and 

performance, and efficacy and performance. On the whole, motivational variables were more 

important in determining comprehension for RD children whilst metacognitive and cognitive 

strategy use variables were more important for achieving readers. The failure to develop an 

enriched metacognitive system in RD children was ascribed partially to the effects of their 

self-defeating attributions. 

Attributional beliefs, self-efficacy, metacognitive knowledge, and cognitive strategy use 

uniquely discriminated between NA and RD children. These fmdings suggest that 

metacognitive and motivational variables combine effectively to distinguish between RD and 

NA readers. The results also provide support for the utility of adopting a multidefmitional 

approach in defming RD children. 

The findings from this study advance the argument that reading achievement and impairment 

should be studied using a multicomponential framework. The implications of this study's 

research findings for classroom practice and research methodology are reviewed. Limitations 

of the present study were also discussed. 
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CHAPTER! 

INTRODUCTION AND OVERVIEW 

1 . 1  Identifying some concerns in the achievement literature 

1 

Few areas of programme development have generated as much research and controversy as 

the topic of learning disabilities or underachievement. In New Zealand, concern regarding 

services for students with learning disabilities has been relatively minimal (Chapman, 1 985; 

Chapman & Wilkinson, 1988). However, approximately 10% or more of the New Zealand 

school population may have a learning disability in one or more subjects (Chapman, St. 

George, & van Kraayenoord, 1 984; Chapman & van Kraayenoord, 1987; Walsh, 1 979), and 

little data are available on the psychological characteristics of these children. Hence, it seems 

necessary to conduct research with these children so as to provide a basis for assisting 

teachers and psychologists in their dealings with these children. 

There is much controversy in the area of learning disabilities about the identification of the 

population, primarily because the term "learning disability" is not a unitary concept and does 

not represent a homogeneous population. An underlying assumption in the field of learning 

disabilities is that learning disabled individuals have profiles of learning and cognitive skills 

that are distinctly different from those of individuals who fail to learn due to general 

intellectual, environmental, or educational deficiencies. Specifically, the term learning 

disabilities is used to describe the difficulties of children who are failing in one or more basic 

achievement skill areas despite normal intelligence. Often it is further stipulated that the 

discrepancy between ability and achievement is not primarily the result of a visual, hearing, 

or motor handicap, emotional disturbance, mental retardation or due to environmental, cultural 

or economic disadvantage, poor instructional methods, and sensory or acquired neurological 

deficits (American National Joint Committee on Learning Disabilities Memorandum, NJCLD, 

1 988, cited in Hammill, 1 990). If a student's depressed performance is evident in all 

academic areas, the term "slow learner" could be appropriate, although other causes such as 

mental retardation, or motivational issues would have to be considered (Swanson & Keogh, 

1 990). 

Difficulties in reading have long been recognized as one of the most frequent and distressing 

indications of learning disabilities in children. Children who have difficulties in reading are 
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severely impaired in their ability to acquire information from written text. Nowhere is their 

handicap more evident than in academic settings, where reading is the major medium for 

acquiring knowledge and skills (Daneman, 1991). Individuals with low reading achievement 

have lower academic achievement, too. It is not uncommon to find that reading 

comprehension ability is highly correlated with school performance (r:::: .60) in subjects as 

diverse as literature and science (Bloom, 1976; Perfetti, 1976). Moreover, reading 

comprehension seems to account in large part for the high correlations in performance on 

different school subject areas. For example, the .40 correlation between achievement in 

science and literature approaches zero when the effects of reading comprehension are 

partialled out (Bloom, 1976). In other words, reading comprehension seems to be the major 

common denominator in most of school learning. 

In New Zealand, reading difficulties present the most common form of learning disability (van 

Kraayenoord & Elkins, 1994). Much attention has been directed to identifying children with 

reading difficulties and providing them with remedial assistance. An example of this is the 

Reading Recovery Programme, which is widely implemented at the junior school level (Clay, 

1985). In the present study it was considered important to study young adolescent (Form 2) 

children, given empirical evidence that reading disability can present itself as a chronic, 

persistent, and pervasive problem that affects all academic areas over time (Kavale, 1988). 

For these children, reading instruction is still a designated part of the curriculum and 

represents the fmal setting where the teaching of reading occurs. The teaching of reading 

skills is particularly crucial for this age group since they are about to make their transition to 

secondary school where reading skills are seen as necessary for independent reading in content 

areas. In most countries, a significant amount of time is spent studying from textbooks by 

students in these upper primary grades (J. Y. Cole & Sticht, 1981). Considering the limited 

resources available to assist reading disabled children in the New Zealand secondary system, 

difficulties arising from comprehension problems experienced on entry into secondary school 

are likely to compound. This would in turn affect a student's future ability to master the 

content of different subject areas in the secondary school system. 

Much of the reading disability research is dominated by single word reading and recognition 

tasks, which represent lower level skills. At least in the psychological literature, relatively 

little attention has been paid to perhaps more ecologically valid tasks such as comprehension 

of connected text. In the upper primary grades, as the demands of school move beyond the 

lower-level basic skills of decoding, a focus on the decoding aspect presents a limited view 
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of reading. In fact, one general conclusion that emerges from the literature is that word 

recognition ability alone cannot account for why some readers are better than others; the 

processes involved in comprehending and "absorbing" the text meaning are important 

determinants of reading success, too (Dane man, 1991). For these reasons, the present study 

investigates reading comprehension. 

Two important questions pertaining to reading achievement that have yet to be investigated 

systematically are: (a) What causal factors determine reading comprehension achievement or 

impairment? and (b) How do the patterns of causal factors vary to influence reading 

comprehension achievement and impairment? These complex questions have stimulated 

decades of extensive research, aimed at identifying and explaining some salient variable or 

sets of variables as they relate to reading achievement. 

One intuitively important variable that surfaced early from this line of research is general 

intellectual ability. This variable has been shown to correlate quite highly with reading 

achievement (e.g., Stanovich, Cunningham, & Feeman, 1984). While intellectual ability 

"explains" a great deal of variance in reading achievement, it by no means accounts for all 

of it. As a result of this lingering deficiency, researchers have begun to examine new sets of 

variables to determine their theoretical and practical significance for reading achievement. 

Among them are metacognitive, cognitive, and motivational factors. Although research in the 

1980s made great strides towards understanding the contributions of these factors singly to 

individual performance differences, new theoretical and research paradigms are required to 

test more complex models. 

During the past decade, a number of theories have been proposed to describe how students 

regulate their own learning and reading (e.g., Borkowski, Carr, Rellinger, & Pressley, 1990; 

Como, 1986; McCombs, 1986, 1989; Paris & Byrnes, 1989; Schunk, 1986, 1989a; Wang & 

Peverly, 1986). According to Zimmerman (1989a), most of these multicomponential 

approaches share a common definition of self-regulated learning: the extent to which an 

individual is an active agent in his or her own learning or reading process, metacognitively, 

motivationally, and behaviourally. In other words, the focus is on how students direct their 

own learning or reading, selecting cognitive, metacognitive, and sometimes behavioural 

strategies that maximize their task-related efforts (Como, 1986). Hence, these 

multicomponential approaches highlight the complexity of the reading process as a variable, 

interactive, and dynamic process (Paris & Oka, 1986; Wixson & Peters, 1984). 
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Most multicomponential research involving reading achievement and impairment have used 

correlational methods. To understand and predict reading comprehension performance, causal 

models need to be developed that focus on the complex interrelationships of these cognitive, 

metacognitive, and motivational components. This presented the focus of the present study. 

One theoretical model, developed by Borkowski and his colleagues, seems pertinent to the 

present study in that it explicates how the relationships between cognitive, metacognitive, and 

motivational factors differ in reading disabled and normal achieving children (Borkowski et 

al., 1 992; Borkowski, Estrada, Milstead, & Hale, 1 989; Borkowski & Turner, 1 990; 

Groteluschen, Borkowski, & Hale, 1990). This model suggests that reading comprehension 

achievement and its counterpart, underachievement, are the products of complex interactions 

involving cognitive, metacognitive, and motivational processes. 

1.2 Overview of the research to be undertaken 

The present study addresses reading impairment and achievement from a multicomponential 

perspective involving motivational, metacognitive, and cognitive processes. More specifically, 

the main goal was to determine possible differences in the causal relationships among 

cognitive, metacognitive, and motivational constructs in normal achieving and reading 

disabled children. This study also explores the implications and causal ordering of certain 

selected components of Borkowski' s metacognitive model for understanding reading 

achievement and underachievement (Borkowski et al., 1 989, 1 990, 1 992; Borkowski & 

Turner, 1 990; Groteluschen et al., 1 990). The variables include intellectual ability, 

attributional beliefs, self-efficacy, metacognitive knowledge, and metacognitive/cognitive 

strategy use. 

Four causal models were tested across two groups of readers to address six main questions: 

1 .  How do reading disabled (RD) and normal achieving (NA) children differ with respect 

to the causal relationships of the aforementioned variables? · >( 

2. Does metacognitive knowledge mediate the relationship between motivational beliefs 

(efficacy, attributions) and strategy use? x-

3 .  Does strategy use mediate the relationship between metacognitive knowledge and reading 

comprehension? 

4. What is the relative impact of cognitive and metacognitive strategy use on reading 

comprehension? 

5.  What is  the differential impact of self-efficacy and attributions on metacognitive 

knowledge? ?< 
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6. Do success and failure attributions differentially influence metacognitive knowledge and 

self-efficacy? 

In the interests of clarity and to provide a conceptual map for the reader, a preview of the 

hypothesized causal ordering of the main variables in the study is presented below in Figure 

1 .  

Figure 1. Hypothesized relationships between cognitive, metacognitive, and 

motivational variables. 

1.3 Outline of chapters 

The following chapters review more closely some aspects of the literature which are directly 

relevant to the present study. Chapter 2 provides a discussion of the definition of reading 

disability and the issues related to operationally defining RD children. The validity of the 

most frequently used method of defining RD children is examined, followed by a discussion 

of multifaceted approaches to defining RD children. 

Chapters 3 through 5 discuss the potential loci of individual or skill level differences in 

reading. However, these chapters do not attempt an exhaustive review of the potential loci 

as two considerations delimit its scope. First, the chapters are concerned with sources of 

differences that might be encountered within the individual and sources that are manipulable 

and amenable to instruction. Second, the chapters are concerned only with accounting for the 
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range of factors of contemporary models of reading. As such, Chapters 3 through 5 present 

a discussion of three main theoretical perspectives of viewing reading disability, namely: 

metacognitive/cognitive, motivational, and multicomponential. 

More specifically, Chapter 3 discusses cognitive and metacognitive research, beginning with 

theoretical and methodological issues relating to metacognition and cognition. Empirical 

evidence which suggests that learning disabled (LD) or reading disabled (RD) children are 

deficient in their cognitive and metacognitive processes is also discussed, culminating in a 

number of possible lines of research. This is followed by a discussion of the importance of 

motivation in the LD or RD individual in Chapter 4. This fourth chapter examines the role 

of self-efficacy and attributions in influencing achievement. The research suggests that 

reading disabled children often develop motivational problems as a consequence of their 

reading difficulties, including low self-efficacy and maladaptive attributions for success and 

failure. The measurement issues related to these variables are also examined. 

In Chapter 5, two theoretical models that take a multicomponential perspective of reading 

achievement/impairment are described. A detailed description of Borkowski' s model is 

provided as it represents the theoretical framework for the current study (Borkowski et al., 

1 990, 1 992). These theories are useful in providing explanations for the causal relationships 

among cognitive, metacognitive, motivational, and performance variables and how they differ 

for RD and NA readers. Although such causal research with RD individuals is practically 

nonexistent, correlational research indicates a strong relationship amongst metacognitive 

knowledge, cognitive/metacognitive strategies, motivation, and academic achievement. A 

causal model of reading based on recent research ( Carr, Borkowski, & Maxwell, 1 99 1 )  that 

is pertinent to the present study is discussed in some depth. Taken as a whole, Chapters 1 

through 5 cover conceptual and definitional, metacognitive, cognitive, and motivational 

aspects of reading achievement and impairment. 

In Chapter 6, the rationale and scope of the present study are specified, along with the 

research hypotheses. Chapter 7 presents an introduction to theoretical aspects of structural 

equation modelling and describes the specification of the first hypothesized model into a 

Linear Structural Relationships (LISREL) model. Chapter 8 reports the methodology whilst 

Chapter 9 presents the results of the present study. Chapter 1 0  provides a discussion of the 

present research fmdings and the implications of these fmdings to theory, educational practice, 

and future research. 
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CHAPTER 2 

DEFINITIONS OF LEARNING AND READING DISABILITY 

Since the inception of the "learning disability" label in the 1 960s, controversy has surrounded 

its definition, terminology, etiology, assessment, and remediation (Kavale & Fomess, 1 992; 

Torgesen & Wong, 1 986). Consequently, this has led to difficulties in formulating a 

comprehensive theory (Weller, 1 987). A large number of definitions have been proposed over 

the last few decades, each generally reflecting alterations in emphasis or wording rather than 

substantive changes (French, Ellsworth, & Amoruso, 1 995). The learning disability definition 

has been used in two very different ways. First, it identifies a particular kind of learning 

problem for further scientific study (Torgesen, 1 994). This has resulted in the generation of 

research that focuses on individual differences in learning and performance of special category 

children. Second, the definition has stimulated a political/social movement that endeavours 

to obtain as much funding as possible for this category of children (Murphy, 1 992; Torgesen, 

1 99 1 '  1 994). 

The term learning disability was originally conceptualized to describe a special education 

category constituted of students who did not "fit" into other exceptionalities (Mercer, King

Sears, & Mercer, 1 990). These students were not achieving commensurate with their 

intellectual ability. To date, research has shown that there is no single characteristic or 

syndrome of behaviours that typifies a learning disabled (LD) individual. Instead, LD 

individuals exhibit an assortment of symptoms depending upon their specific disability, its 

severity, their unimpaired abilities, and how well the individuals handle the problem 

(Chalfant, 1 987). 

The United States federal regulations require the establishment of a severe discrepancy 

between ability and achievement in one or more areas to defme learning disability. However, 

nothing is specified concerning assessment of ability or the achievement areas, nor is the 

severity of the discrepancy denoted (Reschly, 1 987). The defmitional problem can also be 

ascribed to the fact that so many individuals from different professions (e.g., education, 

medicine, psychology, and language pathology) have taken an interest in these children. 

These professionals inevitably have different theoretical orientations and biases that influence 

how they defme this group of children (Swanson, 1 99 1 a). 
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As a consequence, considerable variation exists in how learning disabilities are determined 

across settings and audiences (Chalfant, 1989; Keogh, 1988a), resulting in the research 

literature being permeated with conflicting findings. The ambiguity of the defmition and the 

identification criteria for learning disabilities has prompted some to call learning disabilities 

a "sociologic sponge" that has the flexibility to absorb individuals with a diverse array of 

problems (Senf, 1 987). 

In New Zealand, no official recognition has been given to "learning disability" as a category 

of special education. The needs of children with learning disabilities in New Zealand are the 

responsibility of educators in regular settings which means that the creation of a learning 

disability category in New Zealand law is very unlikely. Prospects for these children appear 

promising, as schools must by law meet the requirements of children with special needs. 

However, in practice, there are only 255 Resource Teachers to serve a population of 2968 

identified underachieving students as of 1 July 1 995 (Ministry of Education, 1 996). It is 

therefore unlikely that LD children will find their needs met, given that they are competing 

with those with physical, mental, and intellectual impairments, who are also mainstreamed 

(van der Neut, 1 992). As one researcher maintains "for students with learning difficulties, 

whose needs have barely been met, inclusion in the mainstream seems like exclusion from 

remedial assistance" (Chapman, 1 992, p. 369). 

Empirical research has seriously challenged most of the basic assumptions about learning 

disabilities that were advocated in the early literature (Coles, 1987; Fletcher, Francis, Rourke, 

Shaywitz, & Shaywitz, 1 993 ; Siegel, 1989a; Stanovich, 1986a, 1993b; Torgesen, 1 986). 

T orgesen ( 1 99 1 )  outlined a number of issues that continue to threaten the field of learning 

disabilities and still engender considerable debate. These include: (a) disputes about basic 

definitions of learning disability, (b) problems in validating that LD children differ from 

children with other kinds of learning problems either in their prognosis or their. requirement 

for fundamentally different educational treatments, (c) challenges to the assumption that 

learning disabilities are physiological in origin, and (d) problems involving the 

conceptualization and classification of the heterogeneous LD population. 

Although it is beyond the scope of this thesis to provide an exhaustive review of all these 

controversies, some of the criticisms that have been levelled at the discrepancy approach will 

be examined briefly in section 2.5, as it represents one of the core disputes in the field of 
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learning disability. For more complete reviews see Coles (1 987), Kavale ( 1 988), Keogh 

( 1 988a), Lyon (1 994), and Torgesen (1991,  1 994). 

The following sections will discuss a definition that currently receives the broadest consensus 

in the United States, prevalence of learning disabilities, the concept of reading disability, the 

common elements that cut across the wide array of defmitions, and finally, the discrepancy 

and multifaceted approaches to defming reading disability. 

2.1 A definition that receives current consensus 

The conceptual defmition of learning disability that is currently most widely accepted is that 

of the American National Joint Committee on Learning Disabilities (NJCLD) (Hammill, 

1 990). This definition states: 

Learning disabilities is a general term that refers to a heterogeneous group 

of disorders manifested by significant difficulties in the acquisition and use 

of listening, speaking, reading, writing, reasoning, or mathematical abilities. 

These disorders are intrinsic to the individual, presumed to be due to central 

nervous system dysfunction, and may occur across the life span. Problems 

in self-regulatory behaviours, social perception, and social interaction may 

exist with learning disabilities but do not by themselves constitute a learning 

disability. Although learning disabilities may occur concomitantly with 

other handicapping conditions (for example, sensory impairment, mental 

retardation, serious emotional disturbance) or with extrinsic influences (such 

as cultural differences, insufficient or inappropriate instruction), they are not 

the result of those conditions or influences. (NJCLD Memorandum, 1 988,  

cited in Hammill, 1 990, p. 77) 

The NJCLD defmition has countered criticisms arising from earlier United States federal 

definitions and raises a number of implicit but important points. First, it highlights the 

misinterpretation that LD individuals form a homogeneous group (implied in earlier 

definitions) which in turn led to the belief that there was standardized assessment and 

remediation for all LD individuals. Second, it avoids the controversial phrase basic 

psychological processes (found in earlier definitions), and the ill-defmed conditions that had 
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caused much confusion (e.g., perceptual handicaps, dyslexia, and minimal brain dysfunction). 

Third, it suggests that learning disabilities are not limited to children only. Finally, it suggests 

that there may be many different and equally valid theories of learning disability and thus 

efforts to identify a single, general theory of learning disability are inconsistent with the 

definition (see first element of NJCLD definition). 

Despite the current consensus it receives, the NJCLD definition still does not make explicit 

how reading or learning disabilities should be operationally defmed. The defmition given in 

the Diagnostic and Statistical Manual for Mental Disorders (DSM-IV; American Psychiatric 

Association, 1 994) attempts to do this to some extent. For example, the key diagnostic 

criterion for developmental reading disorder is as follows: "Reading achievement, as measured 

by individually administered standardized tests of reading accuracy or comprehension, is 

substantially below that expected given the person's chronological age, measured intelligence, 

and age-appropriate education" (p. 50). 

2.2 Prevalence of learning disabilities 

The learning disability condition has been called a hoax, yet at other times it has been claimed 

that up to 5 0% of the population is affected (Ashman & Elkins, 1 994). Usually, it has been 

reported that prevalence estimates have ranged from 1 %  to 30% of the school population 

(Lemer, 1 993; Silver, 1 988). In New Zealand, prevalence figures are conservative, indicating 

that approximately 1 0% of school children have a learning difficulty (Chapman & van 

Kraayenoord, 1 987; Walsh, 1 979). 

As many as 85% to 90% of the learning disabled population have some type of difficulty in 

the area of reading (Kaluger & Kolson, 1 978). Consequently, reading disability is the most 

frequently reported academic problem for students with learning disabilities (Deshler, 

Schumaker, & Lenz, 1 984; French et al., 1 995; C. Norman & Zigmond, 1 980) and represents 

the focus of the current study. Needless to say, reading is an essential skill and an inability 

to read has important implications at school and in later life. It is little wonder that so much 

attention has focused on this area. 

In New Zealand, prevalence studies based on a sample of young adolescents estimated that 

7% have a learning difficulty in reading vocabulary, 5% in reading comprehension, and nearly 
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7% in mathematics (Walsh, 1 979). In another New Zealand study, it was shown that 8% of 

a sample of Form 1 children have difficulties in both reading and mathematics (Chapman, 

St. George, & van Kraayenoord, 1983). A New Zealand survey based on the perceptions of 

educators of special needs children in regular classrooms indicated that about 7% of students 

had learning difficulties or mild intellectual disabilities (H. Norman, Sritheran, & Ridding, 

1 984). 

2.3 The concept of reading disability 

2.3.1 Differences between reading disabled (RD) and poor readers 

Implicit in the majority of definitions of reading disability is the assumption that an individual 

should be reading at a level predicted either by his or her measured intelligence, chronological 

age, or grade placement. The concept of reading disability is based upon observations of 

children who have "unexpected" reading failures despite adequate intelligence, conventional 

instruction, and socioeducational opportunity. It is often assumed that the causes of poor 

reading in such children are quite distinct from the causes of poor reading associated with 

lower IQ. Stanovich ( 1991a, 1991b, 1 993a) suggested that theoretical interest in the reading 

disability concept has been generated by the assumption that the reading difficulties of the RD 

child arise from problems different from those depicting the "garden-variety" poor reader (a 

term coined by Gough & Tunmer, 1 986). In other words, a child who is deficient in reading 

achievement, but whose performance is consistent with his/her aptitude (intelligence), differs 

in cognitive characteristics and remedial potential from a child who shows a significant 

discrepancy between reading achievement and aptitude. Alternatively, the reading problems 

of the RD child may be so much more severe than those of the garden-variety poor reader 

that it forms a qualitative difference. 

An individual-differences model of reading disabilities, called the phonological-core variable

difference model, has been proposed by Stanovich ( 1988, 1 99 1 a) to explain differences 

between RD and garden-variety poor readers. According to the phonological-core variable

difference model, almost all poor readers have a phonological deficit. Moreover, the model 

proposes that further processing deficits surface as one moves in the multidimensional space 

from pure dyslexics to garden variety poor readers. The model rests on the assumption of 

specificity (see section 2.4.5) inherent in current definitions of reading disability. In addition, 

it assumes multidimensional continuity for reading ability and its related cognitive subskills, 

and this assumption has · received substantial empirical support (S. E. Shaywitz, Escobar, 
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Shaywitz, Fletcher, & Makuch, 1992; Silva, McGee, & Williams, 1985). This model also 

suggests that the definition of reading disability depends on where the severity cutoff score 

is placed on a reading dimension (Fletcher et al., 1 993). 

2.3.2 Variability of terms to describe reading disability 

Many different terms have been used to describe individuals who demonstrate reading 

problems. The term used is often dependent on who is using the label and their particular 

theoretical orientation. Some of the more frequently used terms are specific reading 

disability, reading disability, dyslexia, and developmental dyslexia. More general terms such 

as poor reader, and learning disabled, have also been used to describe children with reading 

disabilities (Kamhi & Catts, 1989; Prior, Sanson, Smart, & Oberklaid, 1995). Many of these 

terms overlap when they are operationally defmed, with the same terms used for different 

children or different terms encompassing the same children (Downing & Leong, 1 982). 

The term dyslexia is frequently used within a medical setting to describe an individual whose 

reading problems stem from some type of neurological dysfunction (R. L. Taylor & 

Sternberg, 1 989). In reality, reading problems can stem from a variety of causes and the 

incidence of "pure" dyslexia is not high (Lemer, 1993; R L. Taylor & Sternberg, 1 989). 

Consequently, in the educational literature, dyslexia implies a more severe reading disability 

for which remediation is difficult (Hallahan, Kauffman, & Lloyd, 1985). 

While the distinction between learning disability and reading disability can be made in a 

conceptual sense, in practice, the distinction may be more difficult and perhaps unnecessary. 

Haring and Bateman (1977) consider, for example, that with minor exceptions the terms 

learning disability and reading disability apply to those children who are not learning to read 

to expectation. 

2.4 Common elements or assumptions across definitions 

Although Hammill (1990) contended that "consensus is near" (p. 82), research by others 

revealed that considerable non-conformity persists in the defmition and operationalization of 

reading/learning disabilities (Mercer et al., 1 990). The lack of a generally accepted definition 

of reading disabilities, along with disagreement over procedures for operationalizing reading 

disability definitions, makes the identification of a RD sample difficult. Chapman ( 1985) 
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suggests that this difficulty is further aggravated in the New Zealand context because of the 

lack of official state provision of remedial teaching services for RD children. Countries where 

such provisions are made (e.g., the United States) facilitate access by researchers to formally 

identified "RD" children, according to some set of legislated criteria. However, since New 

Zealand does not have such a provision, the problems associated with identification and 

assessment are compounded further by the absence of a RD group receiving remediation. 

Considering the number of definitions that exist in the literature, it may be useful to examine 

the common elements that occur amongst the existing definitions, in order to provide some 

coherence toward an operational definition of reading disability for the current study. There 

are six commonly held assumptions which cut across the array of attributes associated with 

reading and learning disabilities which bring some consensus to the various definitions. These 

include (a) intrinsic problem (e.g., neurological dysfunction), (b) discrepancy between 

achievement and potential, (c) exclusionary criteria, (d) uneven growth pattern, (e) specificity 

principle, and (f) low academic performance. Each of these elements are examined in the 

following section. 

2.4.1 Intrinsic problem 

The most popular early inference was that reading disability was intrinsic to the individual 

as it was a direct result of neurological impairments (see Doris, 1986, 1993, for a review). 

Such a position is generally accepted in the field (Shinn, Tindal, Spira, & Marston, 1 987), and 

is also adopted in New Zealand (New Zealand Federation of Specific Learning Disabilities, 

1985). However, to d�te there is insufficient evidence to support the causal explanation of 

neurological bases for learning or reading disabilities. For example, in their review of the 

literature, Kavale and F omess ( 1985) found little support for neurological dysfunctions as a 

basis for differentiating between LD and NA children. As Clay ( 1972) points out, terms such 

as "brain damage" do not provide directions for remedial intervention . .  Recent work derived 

from an information processing paradigm also implicates a range of within-individual 

problems but emphasizes processing problems rather than structural ones (Swanson, 1988). 

2.4.2 Ability-achievement discrepancy 

One element frequently found in definitions of reading disability is the identification of a gap 

between what the child is potentially capable of learning and what the child has in fact 
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learned. Thus, the assumption is that RD individuals do not function at levels consistent with 

their intellectual potential. In practical terms, this has involved a statistical assessment of the 

difference between a child's objectively measured reading achievement and his or her general 

intelligence (Frankenberger & Harper, 1 987; Kavale, 1 987; C. R. Reynolds, 1 985b). A 

variety of formulae and methods have been used to compute the IQ-achievement discrepancy 

(see C. R. Reynolds, 1 985a, 1 985b, 1 992; Strawser, 1 993). However, objections have been 

raised concerning the mathematical soundness of the formulae and the psychometric adequacy 

of the scores that are used in the equation (Hammill, 1 990). 

Considerable discussion has centred on the discrepancy model, and a number of investigators 

have described inconsistencies in decision making related to method of assessment, formulae, 

or the statistics applied (Moats & Lyon, 1 993 ; Shepard, 1 980). These different approaches 

to discrepancy measurement have led to different research sample characteristics and 

prevalence estimates (Moats & Lyon, 1 993). Moreover, tests frequently used to measure an 

individual' s  potential and reading performance level have been questioned in terms of their 

validity and reliability (Farr & Carey, 1 986; Stanovich, 1 986b). There is also disagreement 

as to what and how much constitutes a meaningful discrepancy (French et al., 1 995). Most 

studies have operationalized reading disability on the basis of a discrepancy of greater than 

1 .0 or 1 .5 standard deviations between IQ and reading achievement scores (e.g., Fletcher et 

al., 1 994; Fletcher, Francis, Rourke, Shaywitz, & Shaywitz, 1 992; B. A. Shaywitz, Fletcher, 

Holahan, & Shaywitz, 1 992). Fletcher et al. (1 993) suggested that at the very least, it must 

be demonstrated that the child has normal intelligence. How the discrepancy is determined 

has been another major area of concern for educators because standards vary across states in 

America and professionals disagree on the best method for determining discrepancy. 

2.4.3 Exclusionary criteria 

The third assumption or element concerns the exclusion of other causes which limit learning 

disabilities to those students whose learning problems are not explained by other diagnostic 

categories (e.g. , mental retardation). This issue is highlighted in the last sentence of the 

NJCLD definition ( 1 988, cited in Hammill, 1 990; see section 2. 1 ). However, an individual 
\ 

may demonstrate one of the handicaps mentioned in the NJCLD definition and still be 

identified as LD provided the handicap is not the primary cause of the learning problem. 

There is increasing acceptance amongst researchers that other conditions may occur 
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concomitantly with reading/learning disabilities (French et al., 1 995). They also acknowledge 

that it is difficult to ascertain which problem is primary and which is secondary. 

2.4.4 Uneven growth pattern 

The concept of an uneven growth pattern refers to an uneven or irregular development of the 

various components of mental ability. It is assumed that mental ability is not a single 

capacity, but a combination of many underlying mental abilities. Lemer ( 1 993) suggests that 

component mental abilities do not develop normally for LD children, resulting in intra

individual differences in the different mental processes (Kirk & Chalfant, 1 984). This means 

that in the LD child, while some components develop in an anticipated sequence or rate, 

others lag in their development, thereby emerging as symptoms of the learning difficulty. 

2.4.5 Specificity of academic problem 

The assumption of specificity is found in nearly all legal and psychometric definitions of 

reading disability (Stanovich, 1 986a). It is argued that a reading disabled child exhibits 

unexpected failures in certain, but not all, academic or educational tasks (e.g., reading, 

arithmetic, or spelling). The failure is unexpected, based on the child's general cognitive 

level, which is almost always operationally defined as performance on an IQ test. For 

example, RD children are posited to have a cognitive deficit that is reasonably specific to the 

cognitive requirements of the reading task. This assumption of specificity is an important 

concept because it is one of the primary means used to distinguish between RD or LD 

children and other low achievers (e.g., slow learners or those with borderline retardation). 

However, the assumption has been undermined recently by the findings of individual 

difference research. This research suggests that RD or LD children are deficient in a large 

number of cognitive processes when compared to normal achieving (NA) children. Two 

important factors that may have confounded the fmdings are the heterogeneous nature of 

samples used and the lack of strict IQ criteria (Stanovich, 1 986b ) .  

Stanovich ( 1986a, 1 986b) has also proposed the "Matthew effect" hypothesis as another 

possible explanation for the large number of cognitive deficits found in RD children. He used 

the Biblical analogy (from the book of Matthew) to describe how differences in reacijng 

volume or experience between motivated and unmotivated students led to a "rich-get-richer" 
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and "poor-get-poorer" phenomenon. Stanovich suggested that the initial and specific 

di�culties of RD children may develop into more generalized deficits "due to the 

behaviouraVcognitive/motivational spinoffs from failure at such a crucial educational task as 

reading" (Stanovich, 1 986b, p. 389). Empirical support for Matthew effects (e.g., Juel, 1 988), 

raises the alarming prospect that a young RD child might actually evolve into a garden-variety 

poor reader. In fact, research has demonstrated the great difficulty in obtaining specific 

impairments in RD children who have been in school for an appreciable amount of time 

(Torgesen, 1 990). 

2.4.6 Low academic achievement 

Learning disabled individuals encounter a variety of academic problems. The NJCLD ( 1 988, 

cited in Hammill, 1 990) definition lists six specific areas in which learning disabilities can 

be observed (see section 2 . 1 ). Although the operational definitions in the Unites States vary 

from state to state, they include difficulty in academic learning as a primary component of 

their definition of learning/reading disabilities (Frankenberger & Fronzaglio, 1 99 1 ). A 

number of researchers who examined the diversity of characteristics common to learning 

disability have found poor performance to be the most obvious and consistent fmding (Keogh, 

Major-Kingsley, Omori-Gordan, & Reid, 1 982; C. Norman & Zigmond, 1 980). 

2.5 Discrepancy approach to defining reading disability 

Despite the continuing lack of agreement on both conceptual and operational levels as to what 

constitutes an appropriate defmition of reading disability, most current operational definitions 

involve discrepancy (Frankenberger & Fronzaglio, 1 99 1 ;  Frankenberger & Harper, 1 987; Prior 

et al. ,  1 995; Stanovich, 1 993a; Szuszkiewicz & Symons, 1 993). Although there is dissension 

on a number of issues regarding the classification of RD children, the core conflict centres 

on the operationalization and theoretical justification of the discrepancy criterion (Stanovich, 

1 99 1  a, 1 99 1  b). In the last few years, Stanovich ( 1 99 1  a, 1 99 1  b) has proposed a reexamination 

of the concept of discrepancy for defining reading disability. Researchers and theoreticians 

have been reluctant to take on the additional problems of other criteria due to the conceptual 

confusion surrounding the discrepancy criterion (Stanovich, 1 991a). Because it is ubiquitous 

and the source of much theoretical perplexity, some researchers have argued that reading 

disability should be defmed solely on the basis of tests of reading achievement (Fletcher et 
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al., 1 989; Siegel, 1 98 8, 1 989a). As the discrepancy-based approach is  still widely and 

currently used by researchers for defining RD children (Szuszkiewicz & Symons, 1 993), it 

warrants further discussion here, particularly with reference to its limitations. 

2.5. 1 Limitations of the discrepancy-based approach 

The arguments surrounding the discrepancy criterion can be classified into two types. First, 

there are statistical and measurement complications involved in the operationalization of 

severe discrepancy. Specifically, this concerns the use of iQ tests to measure potential. The 

second relates to the construct validity of the discrepancy definition. Neither the definitions 

nor the criteria for their operationalization have been subjected to extensive analyses of 

validity and reliability. As Rourke ( 1 983) suggested, these definitions have rarely emerged 

from empirical investigation. 

2.5.1.1 Limitations of using IQ in the assessment of discrepancy 

The use of IQ in the diagnosis of reading/learning disability has been called into question by 

several researchers (Aaron, 1 99 1 ;  Berninger, Hart, Abbott, & Karovsky, 1 992; Fletcher et al., 

1993 ; Juel, 1 988; Lyon, 1 989; Morris, 1 993; Rispens, van Yeren, & van Duijn, 1 99 1 ;  Share, 

McGee, & Silva, 1 989; Share & Silva, 1 987; Siegel, 1 988, 1 989a, 1 989b, 1 990; Stanovich, 

1 986a, 1 986b, 1 989, 1 99 1 a, 1 99 1 b, 1 993a, 1 993b; Torgesen, 1 993). There are several major 

problems in using the intelligence test and the issues raised may be summarized as following: 

1 .  I Q  tests do not constitute an adequate representation of a unitary construct such as 

potential (Stanovich, 1 99 1  b) . 

2.  The assumption underlying the use of IQ as a measure of reading potential is that IQ 

exerts a unidirectional influence on reading performance but is not .itself affected by the 

reading experience. However, research evidence has verified that reading itself is a 

moderately p�werful determinant of vocabulary growth, verbal intelligence, and general 

comprehension ability (Juel, 1 988; Share et al., 1 989; Share & Silva, 1 987;  Stanovich, 

1 99 1a; Swanson, 1 99 1 a, 1 993) .  This means that the reading problems of RD children 

increasingly interfere with their knowledge acquisition and, thus, their performance on 

IQ tests (Siegel, 1 989a). Consequently, IQ may not be a good index of expected 

achievement because scores may drop as RD children grow older. 
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3 .  Researchers cannot agree on the type of IQ score (Full, Verbal, Performance). As a 

result, variations in IQ tests result in somewhat different subtypes or subgroups of RD 

children being identified (Stanovich, 1 99 1 b). Furthermore, the widely used Verbal Scale 

of the WISC-R does not include assessment of phonological awareness, a specific area 

considered fundamental to some prominent theories of reading disability (Berninger et 

al., 1 992; Morris, 1 993; Stanovich, 1 993a; Torgesen, 1 993). 

4. IQ test performance may be negatively influenced by attentional disorder or reduced 

motivation, resulting in low scores that mask actual cognitive ability (Swanson, 1 993). 

5. Computation of discrepancies between achievement and IQ scores involve complex 

statistical procedures and diagnostic interpretation rather than merely straightforward 

comparison (Fletcher et al.,  1 993; Swanson, 1 993). 

6. The role of IQ cutoffs in studies of learning/reading disabilities represents another 

concern to some researchers (e.g., Siegel, 1 988). In excluding all children with IQs 

below 85 or 90 from the reading disability category, one is suggesting that only children 

who have normal intelligence can possibly be reading disabled. Empirical fmdings 

question the validity of differentiating RD or LD children according to IQ cutoffs of 80 

and above (Siegel, 1 988, 1 989a, 1 989b, 1 992). 

More extreme positions query the relevance of IQ, given that small differences in learning 

disability identification rates have been found between methods that include IQ and those that 

exclude the use of IQ (Rispens et al., 1 99 1 ). Basal or threshold levels of IQ have been 

recommended to be important elements of identification by researchers who were concerned 

that children with low I Qs and learning problems will not have the prerequisite discrepancy 

because of that IQ (Leong, 1 989; Siegel, 1989a, 1 989b ). 

To overcome problems with the use of IQ, researchers have suggested a variety
· 
of cognitive 

processing skills as alternatives to the use of IQ scores as indices of aptitude in defining 

reading disability. For instance, researchers have suggested measuring the discrepancy 

between reading ability and listening comprehension (Spring & French, 1 990), or between 

reading ability and phonological skills (Stanovich, 1 988). However, these approaches still 
' 

present problems, particularly with respect to Matthew effects (see Fletcher et al., 1 993). 

Overall, it can be concluded that discrepancy assessment procedures are threatened by fmdings 
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that the acquisition of literacy promotes the very cognitive skills assessed by aptitude 

measures (Stanovich, 1 993a, 1 993b). 

2.5.1.2 Construct validity of the discrepancy approach 

According to Fletcher et al. ( 1 993 ), there are two levels at which definitions based on 

discrepancies of IQ and achievement can be addressed. The first is replicability of the 

nonnormal distribution, and the second concerns the validity of distinguishing achievement 

impairments based on IQ discrepancies. 

(i) Replicability of nonnorltllll distribution 

The epidemiological work of Rutter and Yule (1 975) provided the most important empirical 

evidence which supports the foundational assumptions of the concept of reading disability. 

Rutter and Yule ( 1 975) argued that there are two subtypes of children with reading 

difficulties, "backward readers" (garden-variety poor readers) who read at IQ appropriate 

levels and "specific reading disabled" who read below expected levels according to their IQ 

scores. By using regression procedures, Rutter and Yule separated general reading 

backwardness from specific reading retardation, showing that the distribution of reading 

impairment was bimodal. This distinction has been widely accepted in the literature. The 

rationale for this distinction is that there is a somewhat discontinuous "hump" in the lower end 

of the distribution of reading scores (in addition to the usual central mode found near the 

distribution's mean). Evidence of such a hump suggests a discrete pathology model. 

In the last decade, several epidemiological studies have addressed the replicability of the 

nonnormal distribution (Olson, Kliegl, Davidson, & Foltz, 1 985; Share, McGee, McKenzie, 

Williams, & Silva, 1 987; S. E. Shaywitz et al., 1992; Silva et al., 1 985). In general, these 

studies did not find evidence for a hump in the distribution of reading skills. There is much 

converging evidence that indicates that the hump in the Rutter and Yule ( 1 975) study was a 

statistical artefact, possibly involving ceiling effects on the tests (Share et al., 1 987; Silva et 

al., 1 985;  van der Wissel & Zegers, 1 985). 

The bivariate distribution of IQ and reading was found to be normally distributed as were the 

univariate distributions of both IQ and reading scores. Consequently, the data from these 
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studies did not support the commonly held notion that reading problems as defmed by 

dis�repancy-based definition represented a unique syndrome. Rather the studies suggested 

that: 

dyslexia goes along a continuum that blends imperceptibly with normal 

reading ability. These results indicate that no distinct cut-off point exists to 

distinguish children with dyslexia clearly from children of normal reading 

ability; rather, the dyslexic children simply represent a lower portion of a 

continuum of reading capabilities. (S. E. Shaywitz et al., 1 992, p. 148) 

(ii) Validity of differentiating learning disabilities based on IQ discrepancies 

A large number of studies have addressed the degree to which reading or learning disabled 

individuals can be separated based on whether their achievement scores are discrepant with 

their IQs (Fletcher et al., 1 989, 1 992, 1 993, 1 994; Share et al., 1 987; S. E. Shaywitz et al., 

1 992; Silva et al., 1 985). In general, the results suggest that very few differences exist 

between IQ-based discrepancy defmed children and children who are discrepant in 

achievement relative to age but not IQ scores (low achievement definition). More 

specifically, research has demonstrated that there were few differences in cognitive ability, 

phonological processing, and other reading related skills among RD children whose scores 

were di�crepant or not discrepant with IQ (e.g., Hurford et al., 1 993; Hurford, Schauf, Bunce, 

Blaich, & Moore, 1 994). 

However, there were some major limitations to these validity studies (Fletcher et al.,  1 994). 

For instance, both the discrepancy definitions, and the measures of achievement and aptitude 

varied across studies. Also, no a priori hypotheses were formulated to specify how discrepant 

and nondiscrepant poor readers might be differerentiated on the cognitive, linguistic, or 

neuropsychological variables. Despite these limitations, in general, the classification 

hypothesis underlying the distinction between specific reading disabled and the garden-variety 

poor reader is at best weak and of questionable validity. Although these studies do not 

discredit the belief that reading disabilities exi� they refute the view that reading disabilities 

based on discrepancies with IQ form a discrete entity (Fletcher, 1992). 
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2.6 Multifaceted approaches to defining reading disability 

A number of researchers have suggested taking a multidimensional approach to defming 

reading disabilities (e.g., Johnson, 1 988; McKinney, 1 988; Senf, 1 986; Tindal & Marston, 

1 986). In a similar vein, Keogh (1 987) suggested that rather than trying to constrain the 

various characteristics of LD or RD children into a single, all-encompassing definition, it 

would .be preferable to acknowledge that these different characteristics depict different types 

of learning disabilities. Keogh's (1 987) approach reflects the view of other writers (e.g., 

McKinney, 1988) who see merit in identifying reading disability subtypes. For instance, a 

number of investigators have made efforts to categorize these children into more 

homogeneous subgroups based on neuropsychological processing measures (Petrauskas & 

Rourke, 1 979), reading and spelling abilities (Boder, 1 973), and visual-spatial and linguistic 

measures (Spreen & Haaf, 1 986). Unfortunately, the subtyping literature is often confusing 

and contradictory, resulting in disagreement amongst theorists on the taxonomy of subtypes 

(Kamhi & Catts, 1 989). For a more thorough discussion of reading subtypes, the reader is 

referred to a number of excellent reviews and books (Hooper & Willis, 1 989; Kavale & 

Fomess, 1987; Keogh, 1 988a; McKinney, 1 988;  Senf, 1 986; Torgesen, 1 9 82a). 

Identifying LD or RD children in terms of their "intraindividual" differences (Chalfant, 1 989; 

Kirk & Chalfant, 1 984) represents another form of the multidimensional approach used by 

some researchers (e.g., Evans, 1992). In this approach, LD children are characterized by 

discrepancies between intelligence and achievement, by differences between psychological 

processes or developmental abilities, and by differences between performance on different 

tasks or between academic areas. Thus, the mentally retarded child or slow learner is likely 

to show fairly consistent, low levels of achievement. In contrast, the LD child would show 

an inconsistent profile as he or she usually achieves well or adequately in some areas, but 

poorly in others. This concept of an inconsistent ability profile has been emphasized by 

Keogh (1 988b ), as a marker for learning disabilities as opposed to the ability-achievement 

discrepancy that characterizes both mental retardation and learning disabilities. 

There is also growing advocacy for viewing decision making concerning definition as a 

multistage rather than a single stage process. Increasingly, multistage or multidefmitional 

assessments are advocated as one way of improving the diagnosis of reading disabilities, thus 

reducing the number of false-positive fmdings (Berninger et al., 1 992; Kavale, Fomess, & 

Lorsbach, 1 99 1 ;  Leong, 1 985, 1987). For instance, Kavale et al. ( 1 99 1 )  suggested that a 
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suitable operational definition for a multivariate phenomenon like learning disability can be 

obtained by extending the view that a definition can include a number of elements or concepts 

(that may be defined operationally) rather than a single element. The elements chosen, known 

as "operational interpretations", could be based on validated components representing the areas 

which have sufficient theoretical importance to the learning disability concept. K.avale et al. 

illustrated how operational interpretations may be combined to form a comprehensive 

operational definition for classifying learning disabilities. They proposed a five level 

hierarchical sequenced operational definition of learning disabilities based on a number of 

operational interpretations extracted from what is known about the learning disability 

phenomenon. In their model, discrepancy was represented in the first level followed by four 

additional levels. The presence of academic problems and poor learning efficiency were 

represented in levels 2 and 3,  followed by the presence of specific skill deficits on the last 

two levels. 

In a similar vem, Leong ( 1 985, 1 987) proposed a two-stage framework of diagnosis 

incorporating standardized achievement tests and teachers' estimates of children's performance 

at the assessment stage, and more refmed, individual tasks at the diagnostic stage. Empirical 

support is provided by Berninger et al. (I 992) for a two-stage approach analogous to the 

framework of Leong ( 1 985, 1 987). In stage 1 classroom teachers were asked to identify "low 

functioning" children in a variety of beginning reading skills (e.g., orthographic and 

phonological coding, and perceptual motor integration skills). Stage 2 concentrated on a more 

comprehensive psychoeducational assessment for children whose problems persisted. 

The abovementioned multifaceted approaches appear to be a promising avenue for defining 

RD children. However, to date little progress has been made in employing such approaches, 

particularly with regard to the multidefmitional approach. The significance of these 

approaches lies in their attempt to deemphasize intelligence, especially discrepancy notions, 

in conceptualizing learning or reading disabilities. To date, intelligence has received far too 

much consideration in defmitions of learning or reading disability, and this has diverted 

attention from more important variables associated with the concept of learning disabilities 

(Kavale, 1 993). Kavale ( 1 993) suggested that intelligence need not be a "cornerstone" 

variable for learning or reading disabilities. Rather it could be regarded as one among many 

variables that need to be considered to capture the true essence oflearning/reading disabilities. 
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At the moment ther� is no commonly accepted criterion for identifying RD children, with 

identification procedures varying across researchers. This review highlights a number of 

issues relating to the discrepancy approach in defining RD children. The almost total reliance 

on discrepancy as an identification variable for reading disabilities is neither conceptually nor 

psychometrically justifiable for a number of reasons. First, lower IQ may be a result, rather 

than a cause, of reading disability (Stanovich, 1 986b ). For instance, the intelligence scores 

of many older children with reading disabilities are affected by their lack of success in basic 

school subjects because of their inability to read texts and other supplemental material 

(Stanovich, 1986b; van den Bos, 1989). This phenomenon renders discrepancy defmitions 

of learning and reading disabilities problematic as children grow older. Second, studies have 

failed to find evidence of cognitive differences between RD and garden-variety poor readers. 

Third, identification procedures using discrepancy as the sole criterion in identifying RD 

children fail to accurately identify RD students, because discrepancy is a necessary but 

insufficient criterion for determining learning or reading disabilities (Payette, Clarizio, Phillips, 

& Bennett, 1995; C. R. Reynolds, 1 985a, 1 985b). For these reasons, a focus on the 

discrepancy criterion for diagnosing reading disabilities may not be appropriate. Such a 

unidimensional approach is unlikely to capture the complexity of a multivariate phenomenon 

like reading disability. 

Instead, a multifaceted approach incorporating multidefinitional components may be a more 

sensible way of defining reading disability. Because reading is a complex process, taking a 

multidefinitional approach to defining reading disabilities is appropriate as it is more likely 

to capture the complexity of the construct of reading disability. A number of elements or 

defining features, most of which are considered fundamental indicators of the reading/learning 

disability concept, can be utilized in this multidefinitional approach. These elements can be 

determined from the common elements present across definitions (see section 2.4). Such an 

approach was used in the present study. 

Despite the uncertainty regarding sample defmition, there appears to be some consensus 

regarding the primary importance of cognitive and metacognitive skills for successful 

academic achievement. This will be discussed in the following chapter. 
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CHAPTER 3 

:METACOGNITION AND COGNmON AND THEIR 

RELATIONSHIP TO READING 

"Metacognition" is an important theoretical construct in cognitive psychology. The term was 

coined by Flavell ( 1 976) in his research on children's  memory processes. It was extended to 

the area of reading by Brown ( 1 980) who suggested that efficient reading, whether to 

understand, or to remember, is characterised by the use of metacognitively-guided strategies. 

The area within metacognition that relates to reading comprehension has been termed 

metacomprehension (Weinstein, 1 988). 

Over the past two decades, research within a metacognitive view of reading ability-disability 

has led to a somewhat different view of the etiology of reading disability. Cognitive views 

posit a lack of ability in one or more component areas of cognitive processing, whereas a 

metacognitive view posits a lack of strategy use, the so-called production deficiency (Brown, 

1 974; Flavell, 1 970). Central to many cognitive views of learning is the concept of control 

or executive processes and this is critical to the understanding of metacognition (Brown, 1 975; 

Campione, 1 987). Kuhn ( 1 992) states that the executive process involves selecting, 

controlling, and monitoring the cognitive skills necessary for achieving a problem solving 

goal. This executive process is an important part of metacognition, and is considered a kind 

of "higher-level" cognition. 

A number of researchers have provided empirical support for the important role that 

metacognition plays in cognitive development and academic learning (Ghatala, 1 986; 

O' Sullivan & Pressley, 1 984; Paris, Wasik, & van der Westhuizen, 1988). Impressive though 

this work is, there are still some difficulties with the concept of metacognitioil that could 

benefit from additional research (Kurtz, 1 99 1 ;  R E. Reynolds & Wade, 1986). The 

difficulties relevant to this discussion centre on defmitional, conceptual, and methodological 

issues relating to metacognition and establishing a clear causal relationship between the 

components of metacognition and cognitive performance. Kurtz (1991)  suggested that a 
\ 

critical area in the concept of metacognition is its distinction from cognitive processes which 

are not metacognitive. 
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In this chapter, the theoretical construct of metacognition is defmed. In addition a number 

of theoretical and methodological issues related to this construct are discussed. Then 
\ 

empirical research supporting its crucial role in the effective learning and reading of normal 

achieving and poor or learning disabled readers is discussed. 

3.1 Defmition of metacognition 

Despite the growing body of research supporting the position of metacognition in cognitive 

theories, there continues to be disagreement surrounding its definition and operationalization 

(Kurtz, 1 99 1 ;  R E. Reynolds & Wade, 1 986). Several early definitions of metacognition 

have been proposed (Brown, 1978, 1 980; Flavell, 1 976, 1979). Two salient features emerge 

from these definitions and these have received wide acceptance. The first salient feature is 

that metacognition involves metacognitive knowledge or knowledge about thinking. The 

second salient feature is that metacognition involves self-regulation or control of thinking. 

These features are clearly captured in the definition provided by Forrest and Wailer ( 1 98 1 ) :  

metacognition is  a construct which refers to what a person knows about 

his/her cognition (in the sense of being consciously aware of the process, 

and further, of being able to tell you about them in some way), and his/her 

ability to control these cognitions (in the sense of planning cognitive 

activities, choosing among alternative activities) . (p. 2) 

As Brown, Bransford, Ferrara, and Campione ( 1 983) have shown, these two components of 

metacognition confound the problem of definition. For instance, whereas the knowledge 

component is basically statable, stable, late-developing, and fallible, the regulatory component 

is not statable, quite unstable, relatively age independent, and task and situation dependent. 

Nevertheless, this two-faceted definition still dominates the field (Brown et al., 1 983;  

Schneider & Pressley, 1 989; Yussen, 1 985). 

In more recent definitions of metacognition, Borkowski and his colleagues (Borkowski et al.,  

1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1 990) have elaborated 

these two subdivisions of metacognition to include complex interactive components (Larson 

& Gerber, 1 992). This model differs from earlier conceptions of metacognition in that it has 

been expanded to include affective and motivational constructs. As this model of 

metacognition explicates relations between metacognitive, cognitive, and motivational 
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constructs, and represents the theoretical basis of the current study, it will be discussed in 

detail later (see Chapter 5,  section 5.2). For the present, components in the dominant two 

pronged definition will be discussed. It should be noted that this includes some of the 

components in Borkowski' s model of metacognition. 

The fust aspect of metacognition has been variously described as awareness (Carr et al., 

1 99 1 ), knowledge about cognition (Brown, 1 975), cognition about cognition (Flavell, Miller, 

& Miller, 1 993), metacognitive knowledge (van Kraayenoord, 1 986), stable and statable 

information about one's own cognitive processes (Baker & Brown, 1 984a; Slife, Weiss, & 

Bell, 1 985), cognitive self-appraisal (Paris et al. ,  1 988; Paris & Winograd, 1 990a), and 

specific strategy knowledge (Borkowski et al., 1 990). In the present study, metacognitive 

knowledge will be used to denote the first aspect of metacognition: awareness. 

Paris, Lipson, and Wixson ( 1 983) categorised metacognitive knowledge in terms of 

declarative, procedural, and conditional knowledge, because cognitive self-appraisal involves 

what you know, how you think, and when and why to apply strategies. Declarative knowledge 

about reading includes statable knowledge about the structure and goals of the task. 

Procedural knowledge refers to information about how to perform strategies related to each 

of the reading subprocesses. Conditional knowledge involves application and transformation 

of strategies to accommodate various reading conditions and circumstances. However, Flavell 

( 1 985) suggested that metacognitive knowledge is not always cleanly categorizable, but highly 

interactive. 

The second aspect of metacognition has been variously referred to as executive processes 

(Groteluschen et al., 1 990), metacognitive acquisition procedures (Borkowski et al., 1 990), 

metacognitive strategy use (Pokay & Blumenfeld, 1 990), self-regulatory strategies (Pintrich 

& De Groot, 1 990), self-management (Paris & Winograd, 1 990b ), cognitive s�lf-regulation 

(Brown, 1 978), and metacontrol skills (Larson & Gerber, 1 987). In the present study, 

metacognitive strategy use will be used to denote the second aspect of metacognition: 

executive processes. 

3.2 Theoretical issues concerning metacognition 

In this section, some of the conceptual difficulties concerning.metacognition will be discussed. 

These include defining what a strategy is, distinguishing metacognitive components, and 
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differentiating cognition from metacognition. The difficulty in linking metacognition to 

reading disability is also discussed. 

3.2.1 The concept of strategy 

The centrality of "strategies" for understanding text is widely acknowledged (e.g., Alexander 

& Judy, 1 988; Brown et al., 1 983; Garner, 1 990; Paris, 1 988; Pressley, Goodchild, Fleet, 

Zajchowski, & Evans, 1 989). However, a definition of strategy is required since there is no 

consensus regarding this (Paris, Wasik, & Turner, 1 991 ). Related discussion in the literature 

concerning differentiation of cognitive and metacognitive activity does little to clarify the 

central notion of a strategy (see section 3.2.3). Gerber ( 1 983) warned that the concept of 

strategy would become progressively obscured and lose its apparent explanatory power unless 

its meaning was clarified. The reader is referred to Pereira-Laird and Deane ( 1 996) for more 

detailed information concerning this issue. For the purposes of the present study, Rowe and 

Rayford' s ( 1 984, cited in Pritchard, 1 990) definition of a strategy is adopted, where a strategy 

is defined as a deliberate action that readers take voluntarily to comprehend what they read. 

A variety of labels have been used by researchers across studies to describe the strategies that 

are used with textual material. Among other labels, these include "study strategies" (Brown 

et al., 1 983 ; Wade, Trathen, & Schraw, 1990), "learning strategies" (Alvermann & Moore, 

1 99 1 ;  Pintrich & De Groot, 1 990; Weinstein & Mayer, 1 986), "reading strategies" (Chan, 

1 995; Paris et al., 199 1 ), "reading processing strategies" (Pritchard, 1990) and "text-processing 

strategies" (Paris et al., 1 991). Irrespective of the label, the reader uses a combination of 

metacognitive strategies to monitor understanding (Baker & Brown, 1 984a; Brown et al., 

1 983; Garner, 1987; Paris et al. ,  1 991) and cognitive strategies to learn, remember, and 

understand text (Pintrich & De Groot, 1 990). 

3.2.2 Distinction between components of metacognition 

There has been considerable debate in the last decade or two about the distinction between 

knowledge about cognition and regulation of cognition. For instance, Brown and Palincsar 

( 1 982) commented that these two forms of metacognition are "closely related" and that "each 

supports the other recursively" (p. 1 ). They suggest that any attempt to separate the two 

constructs results in "oversimplification". 
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On the other hand, Lawson ( 1 984) argued that the term metacognition should only apply to 

metacognitive knowledge rather than to control processes. He sees the two dimensions as 

logically distinct, with metacognitive knowledge resulting from the operation of executive 

control processes, but acknowledges that metacognitive knowledge is one source of influence 

on executive processes. Nevertheless, it is argued here that metacognitive knowledge involves 

executive control and as such both are interwoven components of metacognition. To argue 

theoretically that the components of metacognition are interwoven does not imply that 

research into metacognition will not distinguish between knowledge of cognition and control 

of cognition (van Kraayenoord, 1 986). In fact, there are a number of researchers who have 

empirically confirmed the occurrence of both facets (Brown, 198 1 ;  Comoldi, 1 990; Cross & 

Paris, 1 988;  Pereira-Laird, 1 996; Schraw & Dennison, 1 994). It is argued here that the 

separate and joint contributions that each facet makes to reading comprehension are worthy 

of investigation. To date, the differential effects of these metacognitive components to 

reading comprehension performance are unclear and remain uninvestigated. The present study 

attempts to explore and clarify these effects. 

3.2.3 Distinction between cognition and metacognition 

The confusion over the definition of metacognition parallels a difficulty in distinguishing 

between cognition and metacognition. More specifically, there are problems differentiating 

between metacognitive strategies and cognitive strategies (A. St. George, van Kraayenoord, 

& Chapman, 1 985). It appears that at times the distinction is unclear with researchers often 

being quick to label any strategic action as metacognitive (Brown et al., 1983). Perhaps a 

resolution of the conflict is that proposed by Flavell ( 1 979) who states that "Cognitive 

strategies are invoked to make cognitive progress, metacognitive strategies to monitor it" (p. 

909). In other words, one way of viewing the relationship between them is that cognition is 

involved in doing, whereas metacognition is involved in choosing and planning what to do 

and monitoring what is being done. However, Brown ( 1987) notes that in some cases a 

strategy may be invoked for either purpose or may achieve both a cognitive and a 

metacognitive goal. She describes an example as follows: "Asking yourself questions about 

the chapter might function either to improve your knowledge (a cognitive function) or to 

monitor it (a metacognitive function)" (p. 67). Thus, a specific activity can represent the 

strategy itself (looking for main points), its monitoring function (a metacognitive activity), 

and a reflection of metacognitive knowledge that the strategy is appropriate for the given 

situation. 
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It is argued here that metacognitive and cognitive strategies are distinct components as they 

have been distinguished empirically in a large nwnber of research studies (Anthony, 1 994; 

Pereira-Laird, 1 996; Pokay & Blumenfeld, 1 990; Pressley et al., 1 99 1 ; Zimmerman & 

Martinez-Pons, 1 990). One such study is that by Pintrich and De Groot ( 1990) who 

successfully used factor analysis to differentiate these strategies. Even though there was a 

substantial correlation (.83) between these strategies, the metacognitive strategy use measure 

predicted the students' academic performance much better. The authors concluded the two 

types of strategies were conceptually distinct based on their fmding that cognitive strategy use 

without the concomitant use of self-regulation was not conducive for academic performance. 

A recent study by Pereira-Laird ( 1 996), using more powerful techniques such as confirmatory 

factor analyses, has also provided evidence for the distinction between cognitive and 

metacognitive strategies, particularly in the area of reading. Analyses of the strategy use 

items revealed the presence of two factors, providing discriminant validity for cognitive 

strategy use and metacognitive strategy use. Confirmation of several predicted conceptual 

relationships between the two strategy use scales and other reading related factors (i.e., 

achievement, anxiety, perceived value, and efficacy) provided evidence of construct validity. 

3.2.3.1 Activities involved in cognitive and metacognitive strategies 

Although the essence of metacognition is still being debated, there seems to be more 

consensus about the mental activities constituted by it (Hailer, Child, & Walberg, 1 988). 

These metacognitive strategies involve planning, monitoring, and regulation activities that take 

place before, during, and after any thinking act such as reading (Brown, Arrnbruster, & Baker, 

1 986; Paris & Lindauer, 1 982; Pintrich & Schrauben, 1 992). 

Planning involves setting goals for reading or studying, skimming a text before reading, 

formulating questions before reading a text, and task analysis (Pintrich & Schrauben, 1992). 

Monitoring strategies include tracking attention while reading a text, and self-testing (through 

paraphrasing, summarizing, or self-questioning) to check for understanding. They also include 

the use of test-taking strategies (monitoring one's speed and time in an examination or test), 

and evaluating activities such as confirming assumptions and making predictions. Thus, 

monitoring strategies alert the reader to breakdowns in attention or comprehension so they can 

be repaired or "fixed" through the use of regulating strategies (Pintrich & Schrauben, 1 992). 

Regulation activities consist of compensatory strategies to redirect and bolster faltering 
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comprehension. They are closely related to monitoring strategies. When readers realize they 

do not understand a portion of text, they can use a variety of regulation strategies to restore 

comprehension. These can include, among others, rereading, self-questioning, slowing the 

reading pace, and contrasting textual information with prior knowledge (Pintrich & Schrauben, 

1 992). 

In contrast, cognitive strategies, refer to integrating new material with prior knowledge. 

Cognitive strategies that students use to acquire, learn, remember, retrieve, and understand the 

material while reading include rehearsal, elaboration, and organizational strategies (Pintrich 

& Schrauben, 1 992; Weinstein & Mayer, 1 986; Zimmerman & Martinez-Pons, 1 986, 1 988). 

Rehearsal strategies involve the repetition of to-be-learned information. They can include 

repetition of items in an ordered list, copying important portions of the material, underlining 

or highlighting the material, and verbatim note taking (Weinstein & Mayer, 1 9  6). 

Elaboration strategies involve creating linkages between an individual's existing knowledge 

and the new information. These include using mental images, summarizing or paraphrasing 

text, describing how information relates to existing knowledge, creating analogies, and 

answering questions (Weinstein & Mayer, 1986). Organizational strategies involve 

rearranging the information in a way that makes learning meaningful. They include sorting, 

categorizing, outlining a passage, creating a hierarchy, mapping important concepts that have 

been read, or creating a diagram to show the relationships of important ideas (Weinstein & 

Mayer, 1 986). 

(i) Reading for meaning and reading for remembering 

The specific strategies for effective reading differ according to the student's goal for reading, 

either reading for meaning or reading for remembering. Reading for meaning is· basically an 

attempt to comprehend and this often involves comprehension monitoring. On the other hand, 

reading for remembering (i.e., learning) encompasses strategies of reading for meaning and 

strategies for retaining textual material. In other words, for effective learning to occur, both 

strategies for understanding and strategies for remembering are necessary. Learnil:tg involves 

a focus on what the student does while reading; this includes identifying the main ideas in the 

reading, and testing one's understanding and mastery of the material. The present study 

includes an examination of strategies for both reading for meaning and learning. 
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3.2.4 Conceptual difficulties in linking metacognition to reading disabilities 

The relationship between metacognition and intelligence has received strong theoretical 

support in current conceptions of intelligence (All on, Gutkin, & Bruning, 1994 ). Therefore, 

if metacognitive problems are used to explain reading disabled children's deficiencies, it 

would logically lead to the conclusion that they have lower intelligence. Such a conclusion 

would undermine both the discrepancy notion and the assumption of specificity. Thus, the 

linking of metacognitive constructs to reading disabilities has been seriously questioned by 

Stanovich ( 1 986c) who stated that, "the many recent discussions linking deficiencies in 

metacognitive functioning with reading disability are actually embarrassing to the assumption 

of specificity because many individual-difference theorists regard metacognitive awareness as 

a sine qua non of intelligence!"  (p. 233). 

Alternatively, Wong ( 1985, 1 987, 199 1 )  has highlighted the relevance of the theoretical 

construct of metacognition to reading disabilities. Wong ( 1 991 )  suggests that the problem 

highlighted by Stanovich ( 1 986c) can be avoided by invoking Stanovich's ( 1 986b) hypothesis 

of the "Matthew effects". This would render metacognitive problems as a second-order 

(rather than a first-order) difficulty involving a joint by-product of deficient reading 

experiences and motivation. Thus, one reason that reading disabled children appear to have 

mild but pervasive cognitive deficits is the development of characteristics that are considered 

secondary to their reading failure (Torgesen, 1 990, 1 991). These secondary characteristics 

are consequences of reading disability, rather than causes of it. Once acquired, they can 

further exacerbate the children's ability to perform successfully in school by limiting their 

ability to acquire new information. 

It can also be argued that linking domain specific metacognitive functioning to reading 

disabilities may not undermine the assumption of specificity, as such a deficit is not likely to 

depress intelligence. This is because domain specific metacognition represents only one 

aspect of metacognition. For instance, reading disabled children may have a metacognitive 

deficit in the reading domain but not in other academic domains. Domain specificity of 

metacognition has been alluded to by Lester ( 1 988). In fact, a number of researchers have 

studied metacognition with respect to specific domains (e.g., Garofalo & Lester, 1 985; 

Schoenfeld, 1985). 
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3.3 Methodological issues concerning cognition and metacognition 

Any investigation of the characteristics and value of metacognition and cognition research also 

depends on instrumentation. Little agreement has been reached about the most effective way 

of measuring metacognition (McLain, Gridley, & Mclntosh, 199 1 ). As a result of the 

difficulty associated with measuring metacognitive aspects of reading (Jacobs & Paris, 1 987), 

a wide variety of techniques have been used to measure metacognitive knowledge, and 

cognitive/metacognitive strategy use of readers (Gamer, 1982, 1 987). These include verbal 

reports (interview, think-aloud measures), questionnaires, error detection, computer and video 

studies, reaction time and forced choice tasks. In this section, only commonly used measures 

will be discussed. 

3.3.1 Verbal report 

One of the most frequently used methods is the verbal report which includes interviews and 

think-aloud procedures. These procedures have been used to measure both metacognitive 

knowledge and strategy use. The interview involves asking children open-ended questions 

about how they think, read, learn, and remember; or what they might think and do in a 

hypothetical situation. Interviews produce retrospective verbalizations, for they elicit reports 

of metacognitive/cognitive activity already completed. In contrast, think-aloud protocols 

generate concu"ent verbalizations about a reading activity that is temporarily interrupted at 

frequent predetermined and cued points for provision of the verbal report. Research seems 

to support the use of concurrent reporting (think-aloud protocols) in preference to 

retrospective reporting as being a more reliable measure of students' strategy usage (Ericsson 

& Simon, 1 980; Meichenbaum, Burland, Gruson, & Cameron, 1 985;  Meyers & Lytle, 1986). 

A number of criticisms have been levelled at verbal reports (Gamer, 1987).
. 

One major 

concern is that children may lack the language and verbal facility to discuss the mental events. 

A second criticism is that verbal report data may include subjects' rationalizations, 

fabrications, and elicited mimicry because of the demand characteristics of the situation. 

Moreover, verbal responses may be ambiguous and may be edited by the subjects to conform 

to their expectations about what the investigator wants to hear. There is some evidence that 

asking questions during reading alters the way in which subjects process the text, and in 

addition, interacts with other variables to influence recall (Wade & Trathen, 1989). A third 
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concern about verbal report data is  that their reliability and validity are rarely assessed. For 

instance, the cueing offered by instructions and probes may invalidate the data. 

Another difficulty with verbal reports is that they may not reflect what students are really 

doing. In other words, students may be engaged in metacognitive strategy use but not report 

it, or they may report it inaccurately (R E. Reynolds & Wade, 1986; Schneider, 1 985). As 

an explanation for such anomalies, Flavell ( 1 979) suggested that metacognitive knowledge can 

be either conscious or automatic. If the activity has reached the stage of automaticity, it is 

unlikely that children will be able to report its occurrence. Brown ( 1 98 1 )  suggested that the 

same claim can also be made about monitoring activities since they are likely to be "over

learned" in proficient readers. Furthermore, children may not always use the strategies that 

they have in their repertoires. Finally, even if children use the "correct" strategy and are able 

to verbalize it, they may not use it effectively or efficiently (R. E. Reynolds & Shirley, 1988). 

These difficulties may help explain why metacognitive activities, as measured by verbal report 

data, are not consistently correlated with performance of cognitive behaviours (Baker, 1985). 

Thorough reviews of the problems surrounding verbal report data are available elsewhere (see 

Afflerbach & Johnston, 1 984; Gamer, 1987; Nisbett & Wilson, 1977). 

Despite the criticisms, Ericsson and Simon ( 1 980) have asserted that verbal report data can 

provide a great deal of knowledge about students' metacognitive activity. They suggest that 

the following factors can increase the accuracy of verbal report data to an acceptable level: 

(a) not requiring subjects to verbalize at the same time as they are performing the task, (b) 

minimizing the time interval between processing and reporting, (c) emphasizing to subjects 

that they should focus primarily on the task, rather than on the reporting of their processes, 

and (d) collecting data from other sources to check for convergence of data. 

3.3.2 Self-report questionnaires 

Although relatively infrequent, some researchers have used multiple-choice questionnaires to 

investigate what children know about metacognition. Two multiple-choice questionnaires 

currently reported in the literature to measure metacognitive knowledge include the Index of 

Reading Awareness (Jacobs & Paris, 1987) and the Metacomprehension Strategy Index 

(Schmitt, 1 98 8, cited in Schmitt, 1 990). These multiple-choice formats avoid many of the 
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problems of verbal facility and elicited answers. However, they force choices on questions 

and contain an element of guessing not found in verbal reports. 

Self-report questionnaires have also been recently used by researchers to measure both 

cognitive and metacognitive strategy use (Chan, 1 995; Pintrich & De Groot, 1 990; Pokay & 

Blumenfeld, 1 990; Schraw & Dennison, 1 994). Although this method can overcome some 

of the limitations of verbal report data, it has certain inherent limitations. These limitations 

were outlined by Pokay and Blumenfeld (1 990) as tapping students' perceptions of what they 

are doing rather than the accuracy of these perceptions, and not accounting for the efficiency 

or appropriateness of strategy use. Appropriateness of strategy use was not accounted for 

because students report strategies they use generally, rather than strategies they use to solve 

specific tasks. Thus, responses of students in questionnaires refer only to student perceptions 

and not necessarily to accuracy, effectiveness, or appropriateness of strategy use. 

3.3.3 Error detection 

One useful approach to gathering data on metacognitive self-regulation processes involves 

altering texts to include impediments to comprehension (e.g., inconsistent text, nonsense 

words), and then observing whether students notice them (Baker, 1 985; Baker & Brown, 

1 984a; van Kraayenoord, 1 986; Zabrucky & Ratner, 1 986). This method assumes that if 

students are engaging in monitoring activities, they will notice the irregularity and take some 

corrective action. Studies of awareness of deliberately inserted ambiguities, inconsistencies 

and errors have shown that both good and poor readers do monitor their comprehension by 

detecting inconsistencies (Bos & Filip, 1 984; Winograd & Johnston, 1 982). However, poor 

and learning disabled readers do not monitor their reading spontaneously or as well as their 

normal achieving peers (e.g., Bos & Filip, 1 984; Zabrucky & Commander, 1 993). 

The error-detection paradigm used by researchers to investigate comprehension monitoring 

is not without limitations. For instance, Baker ( 1 985) discovered that some subjects, when 

interviewed, had noted the inconsistency but had altered their understanding of the story in 

order to make it fit meaningfully into the scenario they were creating. As a result of her 
\ 

extensive research, Baker concluded that even with careful analysis of on-line data, errors in 

inferring what readers do and do not think about their comprehension strategies are common. 
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3.3.4 Conclusion 

� In conclusion, there seem to be difficulties mainly with indicators of metacognitive 

functioning. Verbal report and self-report data are easy to obtain but they can be unreliable 

and ambiguous. Data obtained from inserting inconsistencies into texts do not seem to 

encourage the types of metacognitive responses expected. One possible solution to these 

difficulties seems to be the use of multiple indicators of metacognition (Ericsson & Simon, 

1 980; R. E. Reynolds & Wade, 1 986; Schneider, 1 985). While this approach may not 

guarantee accurate estimates of metacognitive functioning, it will decrease the number of false 

positive outcomes (R. E. Reynolds & Wade, 1986). In line with this, the present study 

incorporated self-report questionnaires to supplement think-aloud protocols of strategy use so 

as to obtain more valid estimations of students' strategy usage. The subjects' in-process 

reports of strategies can be considered as evidence of the covert mental processes that occur 

during reading. Although the validity of such verbal reports is not universally accepted 

(Garner, 1982, 1 987; Nisbett & Wilson, 1977), think-aloud procedures have been widely 

defended as a valid means of gaining information about the reading process (Afflerbach & 

Johnston, 1 984; Baker & Brown, 1 984a; Ericsson & Simon, 1 980; Hynd, Alvermann, & 

Carter, 1984). By using a set of different methods that do not share the same sources of 

error, convergent data on actual strategies used by readers can be collected. Furthermore, the 

data are not as vulnerable to the same sources of invalidity (R. E. Reynolds & Wade, 1 986). 

3.4 Empirical research regarding the relationships between 
cognition, metacognition, and performance 

Knowledge of how metacognition predicts and affects cognitive performance and strategy use 

is crucial if metacognition is to survive as a functional and important construct. In fact, R. 

E. Reynolds and Wade ( 1 986) stated, "If there is little or no relationship, then one could argue 

that the construct of metacognition has no real utility; on the other hand, evidence of a clear 

causal link between metacognition and cognitive behaviour would essentially validate the 

construct" (p. 3 1 1  ). 

In the last decade, increasing attention has been devoted to the role of strategy deficits in 

learning and reading disabilities, partly as a . result of the documented importance of 

metacognitive and cognitive strategies for independent learning in normal achievers (Brown 

et al., 1 983;  Pressley et al., 1 990; Pressley, Symons, Snyder, & Cariglia-Bull, 1 989). 
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In this section, research is reviewed regarding the relationships between metacognitive 

knowledge, metacognitive/cognitive strategy use, and performance with normal achieving 

(NA) and reading disabled (RD) or learning disabled (LD) children. The review will also 

include research on poor readers as considerably more research has been done with this group 

of readers than with LD and RD children concerning the relationship between metacognition 

and reading comprehension (Rottman & Cross, 1 990). 

3.4.1 Relationship between metacognition and comprehension 

An indirect relation between metacognition and comprehension has been demonstrated by 

showing that metacognitive status varies with age (Cross & Paris, 1 988; Paris et al., 1 991) .  

Other studies have demonstrated a direct relation between comprehension and metacognition 

by showing that metacognitive status varies with reading ability (e.g., Paris et al. ,  1 99 1  ). 

The role of metacognition has also been shown in studies designed to improve reading 

comprehension by increasing children's  awareness and use of strategies (Cross & Paris, 1 98 8;  

Paris & Jacobs, 1 984; Paris, Saarnio, & Cross, 1 986). In a meta-analysis of 20 previous 

studies it was concluded that the average effect size (.7 1 )  for the effect of metacognitive 

intervention on reading performance was one of the larger ones found in educational research 

(Hailer et al., 1 988). 

The relationship between metacognition and comprehension has also been studied in poor 

readers. Reviews suggest that less competent readers have limited metacognitive knowledge 

and have difficulties in monitoring and self-regulating comprehension (Baker & Brown, 

1 984a, 1 984b; Garner, 1 987; Hailer et al. ,  1 988; Mateos, 1 989, cited in Mateos & Alonso, 

1 99 1 ;  Wagoner, 1 983 ; Wong, 1 987). In summary, the research reviewed here suggests that 

metacognition may play an important role in reading comprehension. 

3.4.2 Relationship between metacognitive knowledge and performance 

Research examining metacognitive knowledge about reading strategies was often characterized 

by comparisons between good and poor readers or between younger and older readers. Such 

a research paradigm has been used to demonstrate differences between good and poor readers 
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and is clearly based on the assumption that the factors that differentiate these two groups of 

readers are the causes of poor readers' disability. 

Considerable evidence has accumulated to indicate that reading performance is positively 

related to metacognitive knowledge about reading (Cross & Paris, 1 988;  Paris & Oka, 1 986; 

Paris & Winograd, 1990a; Schneider & Pressley, 1 989). Lipson, lrwin, and Poth (1 986) 

reported correlations ranging from .30 to .60 between metacognitive knowledge and reading 

comprehension. 

The relationship between metacognitive knowledge and performance also applies to RD 

children, who may not have acquired as much metacognitive knowledge as other students 

(Borkowski et al., 1 989; Johnston & Winograd, 1985; Wong, 1987). Although there have 

been inconsistent results, most studies have shown that RD students lack metacognitive 

knowledge in reading (e.g., Pintrich, Anderman, & Klobucar, 1994; Short & Ryan, 1984). 

These studies have noted that incompetent readers lack knowledge about the purposes of 

reading and effective reading strategies, and are less aware of the variables that influence 

reading performance (Baker & Brown, 1 984a; Brown, 1 980; Gamer, 1 987; P. J. Moore, 1982; 

Paris & Jacobs, 1984; Winograd, 1 984; Wong, 1987). 

In summary, most of the empirical research suggests that metacognitive knowledge is an 

important predictor of reading performance in both normal achieving and reading disabled 

children. 

3.4.3 Relationship between cognitive/metacognitive strategy use and 
performance 

Successful readers have been shown by research to utilize a variety of cognitive and 

metacogniti ve strategies to improve their reading and learning (French et al.,  1 99 5 ;  Garner 

& Alexander, 1 989; Pressley, Borkowski, & Schneider, 1987). Research on learning 

strategies shows that strategies develop with age and with ability level such that older and 

more able students are more likely to spontaneously use appropriate cognitive strategies in a 

learning task than younger and less able students (e.g., Baker & Brown, 1 984a; Brown et al., 

1 983; Paris et al., 1 99 1 ; Weinstein & Mayer, 1 986). The learner seems to gradually develop 

the ability to spontaneously use a cognitive strategy (Brown et al., 1 983) and passes through 

a stage of "production deficiency" (Brown, 1 974; Flavell, 1 970), where he/she possesses the 
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strategy but does not use it spontaneously during learning. For example, Weinstein and 

May er ( 1986) concluded that by age 7, children were frequently able to use rehearsal 

strategies if specifically instructed to do so, but may not use them spontaneously with a 

learning task until age 12 .  

Learning disabled students have been shown to have a number of deficits in cognitive 

strategies. Studies of memory performance have shown LD students to be deficient in the use 

of mnemonic strategies and the clustering of semantically related material (Bauer, 1 979; 

Torgesen, Murphy, & Ivey, 1 979). Similarly, studies on selective attention have shown that 

LD students do not use rehearsal techniques to focus on critically important material to the 

same extent as NA learners (e.g., Hallahan & Reeve, 1 980). Other studies indicate that LD 

students are deficient in strategies for test-taking, organizing information, and summarization 

(Scruggs & Mastropieri, 1 986; Swanson, 1989; Winograd, 1984). Cognitive strategy deficits 

have also been found in LD readers on comprehension tasks involving implied information 

(French et al., 1 995; Wong, 1 980). 

The cognitive strategy deficits of RD children could bear direct relevance to the "inactive 

learner" hypothesis in that the observable performance of RD students often greatly 

underestimates the actual competence of these students (Torgesen, 1 982b; Torgesen et al., 

1 979). More specifically, this discrepancy between observed and expected performance has 

been attributed to failure to employ cognitive strategies actively. However, there is also 

research evidence that suggest the performance deficits are due to children's inefficient use 

of cognitive strategies ("inefficient learner" hypothesis). This issue will be discussed in some 

depth in section 3 .4.4. 1 .  

Research suggests that metacognitive strategy deployment and reading achievement are 

positively related among both primary and secondary school students (Bean, Singer, & Sorter, 

1 986; Cross & Paris, 1 988;  Palincsar & Ransom, 1 988), and tertiary students (Nist, Simpson, 

& Hogrebe, 1 985). Competent readers have also been observed to characteristically monitor 

the comprehension and retention of material (French et al., 1995). In contrast, incompetent 

readers have been shown to be deficient in their use of metacognitive strategies (Campione, 

1 987; Kaufrnan, Randlett, & Price, 1 985; Pressley & Levin, 1987). 

Considerable evidence has accumulated to indicate that RD children experience difficulty with 

self-regulating mechanisms such as checking, monitoring, testing, revising, planning, and 
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evaluating when attempting to read (e.g., Bauer & Emhert, 1 984; Brown & Palincsar, 1 982; 

Palincsar & Brown, 1 984; Pressley & Levin, 1 987; Short & Ryan, 1 984). Relative to their 

more successful peers, RD children have been found to exhibit metacognitive deficiencies at 

all levels of task performance. They are apparently less adept at: 

1 .  evaluating their overall performance when finished with a task (French et al., 1 995). 

2. planning effective organizational schemes for approaching the task (French et al., 1 995; 

Resnick & Klopfer, 1 989), or organizing ideas (Englert & Thomas, 1 987; C. C.  Thomas, 
\ 

Englert, & Gregg, 1 987). 

3 .  monitoring their knowledge, progress or understanding o f  the task (Baker & Brown, 

1 984a; Bos & Filip, 1 984; Wagoner, 1 983; Winograd & Johnston, 1 982). 

4. regulating their comprehension and monitoring text for errors, confusions, or 

incongruencies (Bos & Filip, 1 984; Davey, 1 987; Garner, 1 987). 

5 .  adjusting their reading behaviour to match different kinds of content or  reading contexts 

(Brown et al., 1 986). 

The studies reviewed clearly suggest that LDIRD students can be distinguished from NA 

students by their failure to spontaneously activate and employ comprehension strategies 

(Englert, Raphael, Fear, & Anderson, 1 988). They are often unaware of appropriate cognitive 

strategies that facilitate task performance and cannot efficiently initiate, regulate, and monitor 

the use of such strategies. The self-regulation differences between these children still remain, 

when IQ is controlled (Short et al., 1 991) .  However, it should be noted that the majority of 

evidence about the role of self-regulation in comprehension is correlational in nature (Mateos 

& Alonso, 1 99 1 ). 

Empirical research comparing the relative importance of metacognitive and cognitive 

strategies in predicting performance is sparse. It is argued that metacognitive and cognitive 

strategies must work in conjunction with each other if one is to be successful in reading. The 

cognitive strategies are essential tools to learn text, but the metacognitive strategies provide 

the monitoring and direction for their use. In other words, children can be taught to use many 

different cognitive strategies, but if they do not have the necessary metacognitive strategies 

to determine which cognitive strategy to use in a given situation, they will not be successful 

readers (cf. Pintrich & De Groot, 1 990). Another point to note is that the usage of cognitive 

strategies is not often indicative of deliberate, planned behaviour. Children may learn that 

underlining or highlighting is a useful strategy for facilitating text comprehension, but if they 
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use it indiscriminately, highlighting irrelevant details or the entire text, it is unlikely that they 

are metacognitively aware. 

In summary, the empirical research suggests that both metacognitive and cognitive strategy 

use are important predictors of reading performance for both RD and NA readers. However, 

the use of cognitive strategies without the concomitant use of metacognitive strategies may 

not necessarily improve reading performance. O'Neill ( 1 992) suggested a need for additional 

research on the use of metacognitive strategies among readers of differing reading abilities, 

as well as clarification of the relationship between the use of metacognitive strategies and 

reading comprehension among readers of differing reading ability. 

3.4.4 R e l a t i o n s h i p  b e tw e e n  m e t a c o g n i t i v e  k n o w l e d g e a n d  
cognitive/metacognitive strategy use 

Several empirical studies have demonstrated a positive relationship between metacognitive 

knowledge and metacognitive strategy use in a variety of domains such as problem solving, 

mathematics, and reading comprehension (Baker & Brown, 1 984a; Schraw, 1 994; Slife et al., 

1 985; Slife & Weaver, 1 992). Such a relationship has also been found with learning disabled 

children and poor readers (e.g., Slife et al., 1 985). It has been suggested that while 

competence in self-regulation only occurs when an individual has high metacognitive 

knowledge, metacognitive knowledge does not guarantee a high degree of self-regulatory 

competence (Schraw, 1 994 ). 

Empirical research has also indicated that both metacognitive knowledge and cognitive 

strategy use are positively related (Kurtz, 1 990; Pressley et al., 1 987; Schneider & Pressley, 

1 989). In fact, metacognitive knowledge is an essential prerequisite if students are to become 

competent cognitive strategy users (Baker & Brown, 1 984a; Borkowski et al., .1 989; Harris 

& Pressley, 1 99 1 ;  Paris et al., 1 983; Winograd & Hare, 1 988). Knowledge about strategies 

has been shown to predict cognitive strategy use in NA children (Borkowski, Peck, Reid, & 

Kurtz, 1 983; Kurtz, Reid, Borkowski, & Cavanaugh, 1 982). 

However, there is also evidence that knowledge of strategies does not ensure their effective 

and consistent use (Borkowski et al., 1 990; Garner, 1 990; Paris et al., 1 99 1 ). This has been 

demonstrated particularly with unsuccessful readers. For instance, research has indicated that 

while RD children may be able to use cognitive strategies (e.g., contextual clues to assist in 
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comprehension) when directed to do so, they do not know when, where, and how to use these 

strategies spontaneously (e.g., Swanson, 1 989). Thus, although metacognitive knowledge 

leads to strategy application, evidence shows that this knowledge may be insufficient, 

particularly for RD students who lack the necessary skills for precise and efficient use of the 

knowledge. 

A variety of explanations have been offered as to why RD children are deficient in their use 

of cognitive strategies. Several researchers have proposed that RD students' failure to use 

cognitive strategies effectively, if at all, during reading is influenced by their limited 

metacognitive knowledge about reading (e.g., Paris & Oka, 1 989). For example, research has 

revealed that poor and LD readers' failure to summarize well is due to their uncertainty about 

what information to include (Winograd, 1984). 

In contrast, others have proposed that these children possess the metacognitive knowledge but 

fail to apply it spontaneously (Cooney & Swanson, 1 987; Short & Weissberg-Benchell, 1 989; 

Swanson, 1 989; Torgesen, 1 979). Such a view has been supported by the observation that 

external prompting could mobilize these children to apply the cognitive strategies (see Cooney 

& Swanson, 1 987; Swanson, 1 989, for a review), and by empirical research (Belmont, 1 989; 

Ellis, Deshler, Lenz, Schumaker, & Clark, 1 99 1 ;  Short et al. ,  1 99 1 ).  This characteristic 

supports the conception of these children as inactive learners (see section 3 .4.4. 1 ). 

On the other hand, Barclay and Hagen ( 1 982) take a liberal view and allow for the possibility 

that LD and RD children have deficits in both the knowledge and regulation components of 

metacognition. There is now increasing support for the view that the poor task performance 

and the passiveness of RD students' learning are due in part to their poor metacognitive 

functioning. Such a view seems plausible since efficient learning is characterized by 

appropriate use of cognitive strategies, and sophisticated metacognition is necessary for 

efficient cognitive strategy use (Pressley et al. ,  1 987) .  Metacognition is thought to direct 

efficient cognitive strategy use in two ways. First, knowledge about specific strategies, 

including how, when, and why to use them, is necessary in order to implement a strategy. 

Second, the regulatory aspect of metacognition allows children to monitor cognitive strategy 

effectiveness, and to modify strategies when faced with new or challe�ging tasks (Ghatala, 

Levin, Pressley, & Lodico, 1 985). This regulation component of metacognition is helpful in 

augmenting children's  existing metacognitive knowledge about strategies. 
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Another factor that has been implicated for RD students' deficient cognitive strategy use is 

motivation. Short and Ryan ( 1984) have suggested that the strategic differences between RD 

and NA readers may result from differential willingness or ability to utilize metacognitive 

knowledge and strategies. Such a view has been supported by research showing that RD 

children avoid strategy use that requires a high level of effort (Swanson, 1984; see also 

Guttentag, 1 984). The importance of motivational factors in RD or LD children will be 

discussed in detail in the next chapter. 

It should be noted that the first two viewpoints arise from the contradictory research findings 

concerning the metacognitive knowledge of RD children. While a number of studies indicate 

that RD children have limited metacognitive knowledge, there are others that suggest that RD 

children possess metacognitive knowledge. The discrepant results in studies of RD children' s  

metacognitive knowledge may be due to the variety of definitions and instruments used across 

studies. 

The above conflicting viewpoints highlight the following questions: What is the nature of the 

relationship between metacognitive knowledge and cognitive strategy use in RD and NA 

children? Do RD children possess less metacognitive knowledge than NA children? It is 

plausible to suggest that most RD children are not totally devoid of metacognitive knowledge 

considering that their intelligence falls in the normal range; it may be somewhat limited and 

less sophisticated than that of NA readers. 

In summary, the correlational data reported provide evidence that metacognitive knowledge 

might be an important causal factor determining readers' deployment of metacognitive 

strategies. However, the relationship between reading metacognitive knowledge and cognitive 

strategy use, particularly in RD children, is unclear as inconsistent results have been found. 

Further investigation of the relationships between metacognitive processes and reading may 

help clarify the processes underlying children's reading difficulties. 

A related theme emerging from the examination of the cognitive and metacognitive aspects 

of reading is that learning disabled children are inactive learners. The debate surrounding the 

issue of "inactive learner" or "competence" is now addressed. The controversy centres on 

whether LD students' poor performance results from a failure to utilize existing skills (i.e., 

inactive learner) or from an absence of skill (i.e., competence issue). That is, the inactive 

learner hypothesis suggests that metacognitive knowledge does not predict performance, while 
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the competence perspective suggest that it does. A related perspective that has recently 

emerged, is that of the "inefficient learner" view. These perspectives will be discussed next. 

3.4.4.1 Inactive versus inefficient view of cognitive strategy deficits 

Students with learning disabilities are often characterized as passive or strategically inactive 

learners (Torgesen, 1 979, 1980, 1 982b; Torgesen et al., 1979; Wong, 1 980), with a production 

deficit in the use of relevant cognitive strategies (Flavell, 1970). The characterization of the 

LD individual as an inactive learner received wide acceptance for a number of decades 

(Swanson, 1 989). Such a description has been based largely on research reporting deficient 

use of active strategies for storage and recall of information. A suggested revision of this 

view has been advanced by Swanson (1 989), whose investigations have led him to argue "that 

a more accurate characterization of [learning disabled) children is that they are actively 

inefficient learners" (p. 1 0). Swanson ( 1988, 1 989) found that LD children were able to 

"actively" develop strategic thought patterns, although inefficiently, and suggested that their 

inefficiencies may be related to preferred use of heuristics. From this perspective, LD 

children employ active strategic thought processes, but appear constrained in their ability to 

use more effective strategies with flexibility. 

In a related vein, Bray ( 1985) argued for an examination of strategic flexibility or the point 

at which learners' strategies break down to gain a more accurate appraisal of strategy use. 

In other words, the emphasis is on when learners can or cannot use a strategy rather than on 

the strategy itself. Although LD learners have been assumed to be deficient in their 

deployment of cognitive strategies across a wide array of tasks, this is not synonymous with 

a sheer absence of strategic behaviour (i.e.,  inactive learning). This distinction was made 

clear by studies which employed the think aloud technique (e.g., Short et al. ,  1 991 ) .  

In  a review of the cognitive strategy literature, Short, Schatschneider, and Friebert (1 992) 

concluded that while there was considerable support for the "inactive learner" hypothesis (e.g., 

Short et al., 1 991  ) ,  there was also evidence against the theory, in support of the "inefficient 

learner" hypothesis. To date, the validity of these competing views have not been tested. 

According to H. L. Swanson (personal communication, September 20, 1 995) the inactive 

learner has a repertoire of strategies, but cannot use them unless prompted to use them. The 

inefficient learner also has a repertoire of strategies but chooses an inappropriate one to 

complete the task at hand. 
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The present study tested the validity of inactive and inefficient learner views. Both 

hypotheses would predict some knowledge of strategies given the fact that these children have 

normal intelligence. However, the inactive strategy learner would have a qualitatively 

different response from that of the inefficient strategy learner. The inactive strategy user 

would be able to identify the most appropriate cognitive strategy that could do the task 
efficiently, but would not use it unless prompted. In contrast, the inefficient strategy user 

would not be able to identify the most appropriate strategy for efficient performance. 

Therefore, theorists espousing the inactive learner view are more likely to hypothesize that 

metacognitive knowledge will not predict cognitive strategy use. Alternatively, theorists 

espousing the inefficient learner view are likely to hypothesize that metacognitive knowledge 

will predict cognitive strategy use (H. L. Swanson, personal communication, September 20, 

1 995). With regard to the relationship between cognitive strategy use and performance, both 

the inactive and inefficient learner views implicate deficiencies in the use of strategies for 

learning or reading. Thus, both hypotheses would predict that cognitive strategy use does not 

predict performance for LD or RD children. 

In summary, although the majority of learning disability strategy studies have been conducted 

within the framework of an "inactive learner" hypothesis, there is growing evidence that LD 

children may be inefficient learners rather than strategy deficient. A number of important 

questions have emerged from this review: Does metacognitive knowledge predict cognitive 

strategy use for RD children? Does cognitive strategy use predict reading comprehension 

performance for RD children? Are these relationships similar for NA readers? 

3.5 Summary and conclusion 

Despite the increased popularity of research on metacognition and reading, some fundamental 

problems persist particularly in relation to the definition of metacognition, and the distinction 

between metacognition and cognition. It is important to note that the way a researcher defmes 

metacognition and cognition influences the subsequent choices of measures and educational 

interventions. The different methodological approaches to defining metacognition and 

cognition were introduced. Given the limitations of singular measures of metacognition, a 

multimethod assessment approach for measuring metacognition was suggested. 
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This chapter also reviewed research on the relationships between metacognition, cognition, 

and academic performance. The application of the construct of metacognition to the study 

of achievement has provided valuable insights into differences between RD and NA children. 

The available evidence indicates that there is a moderately strong relation between 

metacognitive knowledge and the use of metacognitive and cognitive strategies; readers who 

are more aware are more likely to engage in strategic reading. However, given some of the 

inconsistent findings, the relationships between metacognitive knowledge, cognitive strategy 

use, and performance require clarification, particularly for RD children. Clearly, more 

research is required in order to clarify the relationships among these constructs. 

Most of the relationships between metacognition and cognition have been investigated using 

correlational designs. R. E. Reynolds and Wade ( 1 986) suggest that the link between 

metacognition and cognitive performance must remain open to question until researchers begin 

to use designs that will allow them to make causal instead of correlational conclusions. 

In conclusion, although previous research has made valuable contributions to our 

understanding that metacognitive knowledge and cognitive/metacognitive strategies are related 

to reading performance, more research is needed to: (a) define the specific roles of the 

different aspects of metacognition as they relate to reading performance, (b) determine the 

relative effects of metacognitive and cognitive strategy use and their direction of causality to 

performance, and (c) test competing theories (inactive vs inefficient learner hypotheses). The 

present study aims to address all these questions. 

While this account of persistent strategic deficits is plausible and possibly accurate, it cannot 

be regarded as fully explaining the performance deficits of reading disabled children. The 

role of "motivational" variables in reading performance has also been forwarded as another 

explanation. This is due to the evidence that cognitive and metacognitive skills are a 

necessary but insufficient condition for academic success. In the next chapter, the importance 

of motivational beliefs, namely attributions and self-efficacy, for effective performance in 

reading will be elaborated. 
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CHAPTER 4 

MOTIVATIONAL FACTORS IN ACADEMIC PERFORMANCE 

According to a number of researchers, the study of motivation is an investigation into the why 

of behaviour (Covington, 1 992; Deci & Ryan, 1 985). The study of achievement motivation, 

more specifically, examines the processes that energize and direct behaviour in achievement 

situations. A significant body of research has emerged specifically related to motivation in 

school settings (e.g., Ames & Ames, 1984; Fortier, Vallerand, & Guay, 1 995; Meece, 

Wigfield, & Eccles, 1990). In general, such research reveals that academic motivation 

positively influences academic performance. 

A large body of research has revealed that motivational characteristics of reading disabled 

(RD) children can also undermine their academic performance. RD children often develop 

motivational problems as a consequence of their reading difficulties, including low self

concept, self-efficacy, and self-esteem. In addition, they tend to attribute their success to 

external factors and their failure to diminished ability. These motivational problems and 

beliefs are eventually thought to potentially lead to a debilitating condition referred to as 

learned helplessness (Licht & Kistner, 1986). Although researchers agree that motivation is 

important in RD children's achievement, the precise role it plays in achievement is still being 

actively investigated (Fortier et al., 1 995). 

Researchers have examined a wide array of motivational belief variables to examine the link 

between motivation and performance in the domain of reading. These include attributions, 

expectations, self-esteem, outcome expectancy, intrinsic value, self-efficacy, and self-concept. 

Two variables which have attracted considerable attention are self-efficacy and causal 

attributions. Since these variables are important determinants of motivation, they will also 

be referred to as motivational variables. These motivational beliefs have been shown by 

research to be important and potent predictors of reading performance and are the focus of 

discussion in this chapter. 

4.1 Self-efficacy 

Perceived self-efficacy is defined as the self-perceptions of one's skills and competence to 

perform the behaviours necessary to attain designated performance levels (Bandura, 1 986; 
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Schunk, 1 989b). It is postulated to have diverse effects in achievement settings (Bandura, 

1 977, 1 982; Schunk, 1984, 1 989b ). Self-efficacy affects behavioural functioning by 

influencing an individual's choice of activities, effort expenditure, and persistence in the face 

of difficulties (Bandura, 1 986, 1 988; Schunk, 1 989b ). This construct is seen as important in 

regulating student motivation on a wide variety of academic tasks (Schunk, 1 984, 1 989c). 

It has been argued that an individual's efficacy mediates the influence of determinants like 

gender, prior experience, anxiety, self-concept, and attributions on subsequent performance 

and is the stronger predictor of that performance when those determinants are controlled 

(Bandura, 1986; Pajares & Miller, 1 994). 

Research has indicated that successful performances do not necessarily enhance efficacy 

perceptions; the impact of this information depends on how it is cognitively appraised and 

interpreted (Bandura, 1 986; Eccles et al., 1 983;  Schunk 1984). Thus, the appraisal of 

efficacy is an inferential process in which persons weight and combine contributions of 

personal and situational factors (Bandura, 1 98 1  ).  In forming efficacy judgments, a number 

of factors are taken into account. These include, among others, self-perceptions of ability, 

effort expenditure, task outcomes, and the pattern of successes and failures (Bandura, 1 98 1 ;  

Schunk, 1 984). 

Although it has been established that self-efficacy is a strong predictor of behaviour (Bandura, 

1 986), research on the relationship between self-efficacy and academic performance is still 

limited (Bouffard-Bouchard, 1990). Empirical research has demonstrated moderate predictive 

correlations of self-efficacy with academic performance (Schunk, 1 983, 1 985). Correlational 

and path-analytic studies have provided initial support for the direct role of self.:.efficacy on 

academic achievement (Horn, Bruning, Schraw, Curry, & Katkanant, 1 993 ; Schunk, 1 983). 

Considerably more research has been conducted on self-efficacy in the area of mathematics 

(e.g., Pajares & Miller, 1 994; Randhawa, Beamer, & Lundberg, 1 993; Schunk, 1 984, 1 989b; 

Seegers & Boekaerts, 1 993) but relatively little in the domain of reading. The paucity of 

research in perceiv�d self-efficacy for reading is surprising considering that the construct is 

intimately tied to reading achievement (Cohen, McDonell, & Osbom, 1 989; Hen.k & Melnick, 

1 995). It is important to study efficacy within domains, since self-efficacy has been basically 

conceptualized as a situation-specific belief (Pajares & Miller, 1 994), and students' 

perceptions of self-efficacy can vary across domains (Bandura, Adams, Hardy, & Howells, 

1 980). 
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Reading disabled readers have been found to have lower self-efficacy than their normal 

achieving counterparts (Cohen et al., 1 989). However, there are a few studies that have 

suggested otherwise.  For example, Pintrich et al. ( 1 994) showed that RD children did not 

differ from normal achieving (NA) readers on self-efficacy. In addition, they did not show 

any signs of learned helplessness, although they did tend to attribute success and failure to 

external causes more often than their NA peers. 

In summary, self-efficacy appears to be an important variable in understanding achievement 

behaviour. Although researchers have established that self-efficacy is a strong predictor of 

behaviour, research on the relationship between self-efficacy and academic performance, 

particularly in the domain of reading, is limited. Moreover, this research has largely been 

correlational in nature. Thus, there is a need to construct causal models in order to 

conceptualize and test hypothesized relationships for reading performance (cf. Hackett & 

Betz, 1 989; Meece et al. ,  1 990). 

4.2 Causal attributions 

While self-efficacy theorists posit that humans are motivated by perceptions of competency 

and personal control, attribution theorists posit that humans are motivated primarily to 

understand themselves and the world around them (Weiner, 1979, 1 983, 1985a). Perceptions 

of the causes of achievement outcomes are referred to as causal attributions. Students' 

perceptions about the causes of their academic success and failure are quite diverse, with the 

impact of ability, effort, task difficulty, and luck being investigated most often. 

Attributional style refers to the predisposition to make certain types of attributions in response 

to success and failure (Peterson et al. ,  1 982). This construct can be traced to the reformulated 

-:-- learned helplessness model of Abramson, Seligman, and Teasdale ( 1 978) and the locus of 

control theory of Rotter ( 1966). The basic premise of this model is that differences in 

attributional style are related to differences in motivation, performance, and affective reactions 

(C. Anderson, Jennings, & Amoult, 1 988) .  Abramson et al. (1 978) suggested that some 

individuals develop a maladaptive attributional style. This becomes manifested as a tendency 
\ 

to attribute negative outcomes to internal, stable, and global causes (e.g., lack of ability) and 

positive outcomes to external, unstable, and specific causes (e.g., a lucky break). An adaptive 

attributional style can be achieved from viewing academic successes as personally caused, 

likely to recur, and under one's  control. 
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Weiner's ( 1 979, 1 985a) model of achievement motivation has been widely employed to 

investigate how causal attributions for success or failure influence achievement-related 

behaviour. Weiner proposed a logical model of attributional thinking in which the causes that 

students use to explain academic success and failure are subsumed into dimensions. These 

dimensions were the locus of cause (internal vs external), the stability of cause 

(stable/unchanging vs unstable/variable), and the controllability of cause (controllable vs 

uncontrollable). It should be noted that there are two other attribution dimensions. These 

include globality versus specificity, and intentionality (Weiner, 1985b). To a large extent the 

relevant attribution dimensions depend upon the domain of interest. In the present study, 

discussion is limited to the first three dimensions as they are most relevant in the educational 

literature. Attribution theorists have emphasized that it is the underlying dimension or 

cognitive structure rather than the specific causal attribution (e.g., ability, effort) that is the 

key to the motivating properties of attributions. 

While early attributional models in educational research have been based on attributions of 

ability, effort, task difficulty, and luck, it has now been confirmed that a more diverse range 

of possible causes are used by children in judging reading achievement outcomes (Hiebert, 

Winograd, & Danner, 1984). It has been suggested that a focus on such an ever-expanding 

list of attributional elements may cause difficulty in building a parsimonious attributional 

theory (Benson, 1 989). However, despite the large number of potential causal attributions, 

there appear to be certain consistent dimensions which characterize them. Consequently, 

interest in causal attributions for achievement outcomes has recently gone beyond the 

perceived causes themselves to the underlying causal dimensions. Such an approach may be 

useful in enhancing the parsimony and generalizability of attributional theory (Benson, 1 989). 

Considering the greater importance of underlying dimensions of attributional style relative to 

specific causal attributions as determinants of achievement behaviour (Weiner, 1979, 1 985b, 

1 986), the present research focused on measurement of attributional dimensions. 

The underlying causal dimensions are postulated to have differential effects on affect, 

expectations, perceptions of self or others, and behaviour (Weiner, 1 979). Several one-to-one 

associations between attributional dimensions and the aforementioned performance mediators 

have been postulated by Weiner ( 1979). For instance, attributions of locus (intemality) were 

associated with self-esteem, attributions of stability with expectations, and attributions of 

controllability with motivation and self-esteem. However, subsequent empirical research have 

failed to support these differential predictions clearly (Benson, 1989). 
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Weiner ( 1 983) asserted that while the postulated relation between attributions and performance 

is indirect, the relationship between attributions and performance mediators (e.g., self-esteem, 

affect, expectations) is direct. Attributing failure to stable-uncontrollable causes (such as 

ability) reduces persistence as it does not leave the possibility of changing the outcome in the 

future. Attributing failure to a stable internal cause is likely to produce negative attitudes 

towards academic tasks (C. G. Rogers, 1 987). Considerable evidence has accumulated to 

indicate that students' attributions for success and failure influences persistence, effort 

expenditure and achievement task choices (Bar-Tal, 199 1 ). 

The influence of attributions on persistence and achievement task choices in turn are 

manifested as mastery-oriented or learned helplessness behaviour. As Bar-Tal ( 1 982) 

summarizes, the "attributional model indicates that pupils who tend to attribute success to 

internal, mainly stable, or controllable causes, and who attribute failure to internal-unstable

controllable causes tend to exhibit adaptive, mastery-oriented achievement behaviour" (p. 

1 90). In contrast, attributing success to external-uncontrollable-unstable causes, and failure 

to uncontrollable-stable causes tends to lead to maladaptive helpless achievement behaviour. 

The causal attributions of learning disabled children have been suggested to reflect an attitude 

of learned helplessness (A. Thomas, 1 979). 

There is considerable support for the central assertion of Weiner's ( 1 979, 1 985b, 1 986) 

theory, that a relationship exists between students' attributions for academic success or failure 

and achievement (Schunk, 1983). An obvious outgrowth of this reported relation has been 

the investigation of the effects of causal attributions on achievement motivation and 

performance in relation to failing students (Ames & Ames, 1 984; Covington & Omelich, 

1 98 1 ). It has been proposed that repeated failures cause LD children to view themselves as 

having no control over achievement outcomes, and to view their efforts as fruitless (Licht, 

1 983). These beliefs are postulated to result in reduced persistence in mastering. schoolwork, 

which in turn increases the likelihood of continued failures and reinforces the children's 

perceptions of lack of control. It is expected that over time these beliefs impede academic 

progress, and, for this reason, interventions to alter LD children's  achievement-related beliefs 

have been recommended (Borkowski, Weyhing, & Carr, 1 988; Carr et al., 1 99 1 ;  Licht, 1 983). 

Numerous studies have shown that LD or RD children are less likely than their NA peers to 

view their efforts as determinants of achievement outcomes (Butkowsky & Willows, 1980; 

Licht, Kistner, Ozkaragoz, Shapiro, & Clausen, 1 985; Pearl, 1 982; Pearl, Bryan, & Donahue, 

1 980). Learning disa�led children are less likely to see their success as reflecting on their 

' 
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abilities (Butkowsky & Willows, 1980; Pearl, 1982; Pearl, Bryan, & Herzog, 1 983), 

attributing their success, instead, to ease of the task or to luck (Pearl, 1 982; A. St. George et 

al., 1 985). Furthermore, LD children are less likely to view their difficulties as changeable 

through their own efforts (Butkowsky & Willows, 1980; Cooley & Ayres, 1 988; Licht et al., 

1 985;  Pearl, 1 982; Pearl et al. ,  1 980) and may sometimes generalize these beliefs to tasks on 

which they have not experienced failure (Butkowsky & Willows, 1 980). Such perceptions 

of powerlessness discourages expectations for future success as well as responsibility for one's 

actions (A. Thomas, 1979). 

The research reviewed thus far strongly suggests that LD children are at risk for developing 

motivational problems that interfere with their work. However, there are individual 

differences among LD children in terms of how they interpret and respond to their repeated 

failures (Kistner, Osborne, & LeVerrier, 1 988). For instance, some LD children have 

maintained their confidence in their abilities by attributing their academic difficulties to 

insufficient effort (Licht et al. ,  1 985) or other external uncontrollable causes, such as an unfair 

teacher, bad luck, or task difficulty (e.g., Luchow, Crow!, & Kahn, 1 985; van Kraayenoord, 

1 986). Others maintain confidence by not giving up in the face of difficulty (Licht et al. ,  

1 985; Speece, McKinney, & Applebaum, 1 985). 

In general, differences between mastery oriented and learned helpless children have been 

consistent with respect to the controllability and stability dimensions for success and failure. 

However, inconsistent results have been found for the dimension of internality-externality for 

failure attributions of NA and LD children. This may be resolved by distinguishing between 

internal causes varying in stability and controllability dimensions (e.g., ability and effort). 

Research has shown that LD as well as NA children make both external and internal 

attributions for failure (Pearl -et al., 1 980). Thus, it remains unclear whether an external 

response to failure is characteristic of LD students, because some studies have indicated that 

mastery-oriented children were more likely to place blame outside themselves. While the 

findings for the attributions of LD and NA children are somewhat equivocal, methodological 

differences such as the sample characteristics (e.g., heterogeneity) and attributional measures 

are likely to be partly responsible (Licht et al. ,  1985). .., 

In conclusion, most of the attributional research has been based on specific attributional 

causes rather than dimensions. Research on the attributional patterns of RD children is 

limited. Investigation of the attributional style of NA and LD children have yielded 

inconsistent results, particularly for the dimension of internality-extemality. Further 
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investigation of the attributional patterns of RD children would increase the data base upon 

which important intervention decisions might be made. 

4.3 Relationship between self-efficacy and attributions 

The relation between Bandura's ( 1 982) self-efficacy theory and Weiner's  (1 985a) attribution 

theory has been explored by Schunk ( 1 983, 1 984). Both theoretical paradigms are similar in 

that they highlight the role of cognitions in (a) appraising environmental information, (b) 

deriving inferences about factors influencing performance, and (c) engendering expectancies 

that influence achievement behaviours. However, they differ in the types of judgmental 

factors that are held to directly influence expectancies (Schunk, 1984). 

Despite much theorizing about the relationships between efficacy and attributions, and their 

relation to performance, no research to date has investigated the joint and separate causal 

effects of efficacy and attributions on reading comprehension performance. According to 

most theoretical models, attributions are directly related to expectancies and these expectancies 

are directly related to achievement (e.g.,  Bandura, 1 986; Weiner, 1 985b). Some theorists 

specify this relationship even more by suggesting the effects of attributions on achievement 

are mediated by self-efficacy expectancies (Bandura, 1 986; Schunk, 1983). Within self

efficacy theory, causal attributions are considered important antecedents of efficacy 

expectations, and are important sources of efficacy information. 

There are several questions that arise from this motivational literature. One question that is 

of particular importance relates to how self-efficacy and attribution variables vary in their 

predictive influence on reading performance. Another important question that arises is 

whether or not the causal patterns of attributions, efficacy, and reading performance differ for 

reading disabled children, compared to normal achieving children. 

4.4 Methodological problems in measuring attributions and self
efficacy 

4.4.1 Attributions 

Despite the evidence that causal attributions are important determinants of motivation and 

achievement, relatively little attention has been paid to the reliability and validity of different 
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methods for assessing attributions. Most methods of assessing attributions involve collecting 

data on subject's causal explanations for a given outcome. However, in testing predictions 

from attribution models, it is often necessary to go beyond the specific causal explanation for 

a given outcome to the underlying causal dimension. In the traditional attribution paradigm, 

researchers translate the subject's attributions (of ability, effort, task difficulty, etc.) into 

causal dimensions such as internal-external, stable-unstable, controllable-uncontrollable. 

However, there is some risk of an invalid assessment because the dimensions are based on the 

assumption that the researcher's perspective on the underlying meaning of the causes will 

match the subject's perspective. This is known as the "fundamental attribution researcher 

error" (Russell, 1982), and evidence of this has been demonstrated in several studies. For 

example, researchers have traditionally classified ability as a stable, uncontrollable cause, yet 

research indicates that children may view ability as unstable and controllable in that ability 

can be developed by learning new skills (Hiebert et al., 1 984). Similar findings have been 

described for task difficulty (Meyer, 1980) and effort (Weiner, 1979). 

To overcome the problem of "fundamental attribution researcher error", researchers have 

suggested that the underlying dimensions be tapped directly (Ronis, Hansen, & O'Leary, 

1 983;  Russell, 1 982; Weiner, 1 983;  Winograd, Witte, & Smith, 1986). A number of studies 

indicate that direct measures of causal dimensions provide a more accurate understanding of 

the subjects' attributions, and are better predictors of future performance than indirect or 

derived measures of dimensions (Ronis et al., 1 983; Winograd et al., 1 986). With regard to 

the measurement of attributions for reading, Winograd et al. ( 1 986) concluded that it may be 

unwise to assume that readers' views of the underlying dimensions can be inferred from the 

original causal taxonomy, particularly with regard to poorer or younger readers. 

Another area of concern with regard to the measurement of attributional style is related to its 

multidimensional nature. In past research, a number of researchers have used combined 

scores to assess an individual's attributional style. That is, scores for the distinct dimensions 

were combined to form a single predictive index. The primary reason for this was the low 

internal consistency of the separate dimensions (.40 to .70) reported on commonly used 

measures of attributional style (Peterson et al., 1 982). Recently, researchers using structural 

equation modelling have modelled the multifaceted construct of attributional style for both 

success and failure outcomes as a single latent variable or theoretical construct (Berndt & 

Miller, 1 990; Carr et al., 1 991 ). This may have been done to simplify data analysis and the 

conceptual explanation of the findings. 
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However, Carver (1989) argued that using a composite score when assessing attributional style 

may result in a loss of information. For example, an obtained group difference could be 

attributable to one component of the predictor index, to the additive effects of two or more 

components, or to the interactive effects of all components. Consequently, some researchers 

have proposed measuring attributional style for positive and negative events separately 

(Abramson, Metalsky, & Alloy, 1 989; Sweeney, Anderson, & Bailey, 1986). Such an 

approach would enable one to tease out the differential effects of the subcomponents rather 

than obscuring them, and was therefore adopted in the present study. 

Support for an argument that some subcomponents may be more strongly related to behaviour 

than others can be seen in the depression literature. The fmdings of a meta-analysis 

conducted by Sweeney et al. (1 986) revealed that attributional style for negative events was 

more strongly related to depression than attributional style for positive events. An important 

question that arises from this finding for the achievement literature is: Do subcomponents of 

attributions, particularly for different outcomes (success and failure), differ in their effect on 

reading achievement? This question remains uninvestigated to date and addressing it 

represents one of the goals of the present study. 

In the present study, two different measurement or factor models for attributional style were 

tested (see Chapter 7, section 7. 1 . 1 . 1 ) . The first measurement model corresponds to the recent 
- theoretical formulation that the components of attributional style are related to a single latent 

construct (Bemdt & Miller, 1 990; Carr et al. ,  1991). The second measurement model, based 

on the assumption that attributional style for positive and negative events should be considered 

separately (Abratnson et al., 1 989; Sweeney et al., 1 986), was also tested to investigate the 

differential effects of attributional style for success and failure outcomes on achievement. 

Finally, another area of concern in the measurement of attributions is that. researchers 

infrequently use domain specific measures in examining attributions for reading (Borkowski, 

Weyhing, et al., 1 988; Carr et al. ,  1 991 ). Eccles ( 1 987) admonished researchers who did not 

use domain-specific measures of student motivation. Eccles suggested that "the predictive 

power of particular motivational constructs increases as one makes both the domain of the 

motivational construct and the achievement outcome being predicted more specific" (p. 2). 

In light of this, the present study used domain specific measures for all constructs of interest 

in the study. 
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4.4.2 Self-efficacy 

A review of the literature on r�ading revealed that there are few instruments developed to 

measure reading efficacy, with valid and reliable measures being sparse (Henk & Melnick, 

1 992). In fact, many current self-perception theorists often employ measures of self-concept 

instead of efficacy to predict performances across situations (Chapman & Tunmer, 1 995). 

These measurement inequities may account for some of the inconsistent results concerning the 

relationship between motivational beliefs and reading performance in the literature. Bandura 

( 1 98 1 )  has argued that self-concept of ability represents global estimates of efficacy. It is 

clear that beliefs regarding confidence are part of an individual's self-concept, but self

efficacy and self-concept represent different phenomena (Bandura, 1986). This distinction is 

also consistent with expectancy value models of achievement (Eccles et al., 1983). 

In addition, the predictive power of self-concept may be less than that of self-efficacy, since 

self-concept is not measured at the same level of specificity as efficacy (Pajares & Miller, 

1994). Self-efficacy involves a context-specific assessment of competence to perform a 

specific task, while self-concept includes beliefs of self-worth associated with one's perceived 

competence. 

The literature on reading self-efficacy reveals the use of four different methodologies for 

obtaining reading self-efficacy (see Pereira-Laird & Deane, 1995, Appendix C). However, 

most existing measures of efficacy measure achievement globally (Horn et al., 1993 ; Pintrich 

et al., 1 994; Pintrich & De Groot, 1 990). Bandura (1 986) cautioned that because judgments 

of self-efficacy are task specific, different ways of assessing confidence will . correspond 

differently to the assessed performance. Thus, he argued that self-efficacy should be 

specifically rather than globally assessed, and should match the performance task. He claimed 

that these guidelines were seldom followed in educational research and often led to the 

mismeasurement of self-efficacy. In light of this, the present study incorporated task and 

subject specific measures of efficacy. 

4.5 Summary 

In summary, LD children are at risk for developing motivational problems. As a consequence 

of their repeated failure, they are likely to possess maladaptive attributional patterns and feel 

less efficacious. However, not all LD children respond in the same way to failures. Although 

sometimes confounded by imprecise definitions and varying measurements, findings show that 
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both attributional style and self-efficacy are related to performance. In fact, theory suggests 

that self-efficacy mediates the influence of attributions on performance. To date, this 

relationship has not been investigated empirically in the domain of reading. 

Method;ological issues regarding attributions and efficacy were discussed and it was concluded 

that domain specific measures are more predictive of achievement. A number of future 

research directions were identified. These included: (a) how the subcomponents of 

attributional style (success and failure) would vary in their effect on achievement, and (b) how 

self-efficacy and attributions may combine to influence performance. 
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CHAPTER S 

THE RELATIONSHIPS BETWEEN METACOGNITIVE, COGNITIVE, 

AND MOTIVATIONAL VARIABLES 

Cognitive development in children is beginning to be conceptualized as a product of a self

regulatory system where the focus is on the individual's ability to initiate and direct efforts 

to acquire knowledge and skill (e.g., McCombs, 1 986). Empirical research in this area has 

stressed the importance of children's  selection and use of learning strategies that are well 

suited to particular learning goals and tasks (Ames & Archer, 1 988; Borkowski et al., 1 990; 

Paris & Winograd, 1 990b; Zimmerman & Schunk, 1989). In a similar vein, contemporary 

models of reading specify comprehension as the product of a number of factors, including 

strategies, metacognitive knowledge, and motivation. These collective measures of cognitive, 

metacognitive, and motivational variables provide a more comprehensive view of reading 

achievement and impairment because they combine assessments of cognitive ability, 

metacognitive skill, and motivational will .  Thus, they represent a vast improvement over 

searches for single factors that distinguish between normal achieving and reading disabled 

children. 

This chapter presents theoretical models and research which have shifted away from a strictly 

unicomponential approach to cognitive development, and towards an approach which 

incorporates multiple components. Two theoretical models that propose a multicomponential 

view of academic achievement are the Triple Alliance model (Short & Weissberg-Benchell, 

1 989) and Borkowski et al. 's  (1989, 1990, 1992) model ofmetacognition. According to these 

models a functional cognitive system containing adaptive attributions, high self-efficacy, 

metacognitive knowledge, and strategy use strengthens performance by promoting children's 

effort towards the goal of self-determination (McCombs, 1986). 

5.1 Triple Alliance Model 

Short and Weissberg-Benchell (1989), in their Triple Alliance Model for learning, suggested 

that the discrepancy between the ability and achievement of learning disabled children can be 

explained by an analysis of cognitive, metacognitive, and motivational variables. According 

to this model, a delicate balance must be achieved between cognitive, metacognitive, and 
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motivational processes for effective learning to occur (Short et al., 1992). This means that 

metacognitive knowledge is usually insufficient to promote student achievement; students also 

must be motivated to use the cognitive strategies as well as regulate their cognition and effort 

(Pintrich, 1 988, 1 989). Short et al. ( 1992) suggest that achieving students form "effective 

alliances" between cognitive, metacognitive, and motivational processes so that metacognitive 

and motivational processes increase students' cognitive skills. In comparison, unskilled 

learners (such as learning or reading disabled children) form "faulty alliances" between 

cognitive, metacognitive, and motivational processes. Hence, the Triple Alliance Model offers 

a number of explanations for the poor performance of reading disabled children. The model 

proposes that inactivity in learning may occur because of cognitive deficiencies; because of 

metacognitive deficiencies which may affect the learner's ability to demonstrate cognitive 

competence; or because of a defective motivational style (Short et al., 1 992). 

One limitation of this model is that it does not delineate how metacognitive, cognitive, and 

motivational factors causally relate to each other. Borkowski et al. 's  ( 1 989, 1 990, 1 992) 

model does this and thereby provides the conceptual framework of the present study. 

5.2 Borkowski's model of metacognition 

Recently, Borkowski and his colleagues offered theoretical support for the utility of 

metacognitive factors in understanding skill-level. differences in reading for normal achieving 

(NA) and reading disabled (RD) children (Borkowski et al., 1989, 1 990, 1 992; Borkowski & 

Turner, 1 990; Carr et al., 1 991 ;  Groteluschen et al., 1990). This general model, in combining 

several metacognitive, cognitive, and motivational components, may help explain how and 

why reading difficulties develop in some children. Specifically, the metacognitive model 

contends that achievement is based on the interaction of metacognitive knowledge (specific 

strategy knowledge, general strategy knowledge, relational knowledge), higher order executive 

processes (or metacognitive strategy use), and motivational states related to general strategy 

knowledge. 

There are several descriptions of the model of metacognition proposed by Borkowski and his 
\ 

colleagues (Borkowski et al., 1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et 

al. ,  1 990). Although the descriptions have evolved somewhat over time, they are largely 

consistent with each other. The apparent variability in descriptions arise because different 
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parts of the model were emphasized depending on the point the authors wanted to make (M. 

Carr, personal communication, February 1 3, 1 995). Although the original model was built 

primarily to substantiate metamemory theory, the components of this model can be applied 

to a wider range of cognitive activities such as reading comprehension, mathematics, and 

sctence. 

Borkowsk.i et al. 's  ( 1989, 1990, 1992) model represents an improvement over earlier 

conceptualizations of metacognition in that it theoretically links components of metacognition 

with strategies (Schneider & Weinert, 1990). One unique feature of their model is that "it 

accounts for different declarative knowledge components (i.e., specific strategy knowledge, 

general strategy knowledge, relational strategy knowledge) which are conceived of as 

interactive and mutually dependent causes of strategy use and cognitive performance" 

(Schneider & Weinert, 1 990, p. 293). Another unique facet of this model is the motivational 

nature of one aspect of metacognitive knowledge, that is, general strategy knowledge. 

The following is a condensed description of Borkowski and his associates' model (Borkowski 

et al., 1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1 990). However, 

before proceeding to that description, some explanatory notes are necessary. Specifically, the 

original term "metamemory acquisition procedures" found in earlier versions (Pressley, 

Borkowsk.i, & O'Sullivan, 1 985) is equivalent to "executive processes" found in later versions 

(see Borkowski et al., 1 989; Groteluschen et al. ,  1 990). In addition, in earlier versions of the 

models (Borkowski, Johnston, & Reid, 1 987), attributions were subsumed under general 

strategy knowledge, whereas in their more recent papers, attributions are conceptualized as 

correlates of general strategy knowledge (Groteluschen et al., 1990). 

5.2.1 Components in the metacognition model 

According to Borkowski et al. 's ( 1 989, 1 990, 1 992) model, metacognition is comprised of a 

number of interactive and mutually dependent components (see Figure 2). The four major 

components proposed in these models include: specific strategy knowledge, relational strategy 

knowledge, general strategy knowledge, and executive processes or metacognitive acquisition 

procedures (MAPs). According to Borkowski and Turner ( 1990), these component processes 

have independent and unique developmental histories and serve distinctive roles in explaining 

individual differences in performance among NA and RD children. It should be emphasized 
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that metacognitive and motivational processes, individually or in combination, do not develop 

or change rapidly (Kurtz & Borkowski, 1 984). 

Attributional Beliefs, 
Achievement Motivation. 
Self-Esteem 

Performance � _j · '-t>l General Strategy Knowledge 

11 

I 
Cognitive 

Strategy Use 
k:::J. -t> 

Specific Strategy Knowledge 

Executive Processes k::J-· C> 1. Repetition 
(MAPs) 2. Organization 

� 
3. Verbal Elaboration 
4. Etcetera 

-c>ITask Demands I I Relational Strategy Knowledge 

Figure 2. Borkowski's model of metacognitiop (Borkowski et aL, 1989, 1990, 1992; 

Borkowski & Turner, 1990; Groteluschen et al., 1990). 

Specific strategy knowledge refers to knowing when, why, where, and how to use strategies. 

It is the equivalent to metacognitive knowledge or awareness, as discussed in Chapter 3. This 

aspect of metacognition is essential for strategic behaviour and is assumed to be central to 

generalization effects (Groteluschen et al., 1990). It has been argued that poor strategic 

behaviour reported in LD students is due in part to inadequate specific strategy knowledge 

(Borkowski & Kurtz, 1 984). 

Relational strategy knowledge reflects one's knowledge of the strengths and weaknesses of 

different kinds of strategies. This knowledge is useful in strategy selection and strategy 
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revision. Since little is  known about relational strategy knowledge in NA children, i t  will not 

receive much attention in this thesis. 

General strategy knowledge refers to general attitudes and beliefs about the importance of 

effort in applying strategies, and that effortful strategic approaches can be useful to improve 

performance. Students with high general strategy knowledge generally believe that effort is 

useful only when it is channelled through the use of effective strategies, and that effort 

increases the likelihood of success. Attributions, particularly about effort, are closely related 

to general strategy knowledge in that a belief in effort gets translated into a belief in being 

strategic. General strategy knowledge about the efficacy of strategies includes motivational 

properties (e.g., high self-efficacy, intrinsic motivation, effort-related attributional beliefs for 

success and failure). Borkowski and his colleagues believe that general strategy knowledge 

and its associated motivational factors have a reciprocal relationship, each contributing to the 

development of the other (Borkowski & Turner, 1990; Groteluschen et al., 1 990). They 

specifically highlight attributions as the motivational correlate of general strategy knowledge 

Finally, metacognitive acquisition procedures (MAPs) represent higher order metacognitive 

processes and have also been referred to as self-regulation, executive functioning, or 

metacognitive strategy use. They account for the mechanisms by which new strategies are 

acquired and by which existing strategies are selected, implemented, and modified. These 

procedures help to account for the tailoring of strategies to fit variations in tasks and the self

regulation that is required while cognitive strategies are being used and modified. 

5.2.2 Development of metacognitive components in a child 

Borkowski and his colleagues (Borkowski et al., 1989, 1 990, 1 992; Borkowski & Turner, 

1 990; Groteluschen et al., 1990) have described how the metacognitive components would 

develop in a child. This account is paraphrased as follows: 

1 .  The child who is taught to use a strategy will come to learn about the attributes of the 

strategy with repetition. Attributes include knowledge about the strategy's  effectiveness 

and its range of appropriate applications. 

2. Provided the learning environment is stimulating, other strategies will be acquired and 

repeated, leading to the development and enrichment of specific strategy knowledge. 
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3 .  Relational strategy knowledge becomes organized when the teacher shows o r  the child 

realizes the similarity and differences of multiple strategies (in a domain), resulting in 

the organization of skills based on their similarities. 

4. The child gradually acquires the capacity to choose and monitor strategies appropriate 

for some tasks (but not others). When essential strategy components have not been 

sufficiently taught or learned, the child develops the ability to "fill in gaps" in 

instructions so that he or she becomes able to fit a strategy to the unique requirements 

of the task. Executive processes emerge at this stage, and become useful in making 

decisions about how and when to use a strategy, or to switch to a new strategy when an 

earlier one proves ineffective. 

5 .  As the use of cognitive and executive strategic processes become refmed, the child 

begins to recognize and believe in the value of being strategic (general strategy 

knowledge). In addition, the child learns to attribute successful (and unsuccessful) 

outcomes to effortful strategic behaviour (or lack of it) rather than to luck. At this stage, 

beliefs of self-efficacy also develop. Self-efficacy beliefs, derived from the use of 

cognitive strategies, eventually return to energize executive processes. In this way the 

metacognition model integrates cognitive strategy use with motivational causes and 

consequences. 

The components in the model develop at different times in a child's history and are related 

to the quality of the child's educational experiences. In addition, each component relies on 

the quality and form of earlier componential development. For instance, general strategy 

knowledge emerges only after (a) a proportion of specific strategies have been encountered 

by the child, and (b) ample understanding about the importance and role of strategies occurs. 

Executive processes become operative only after detailed presentations in specific, general, 

and relational knowledge components are accumulated. 

5.2.3 Relationships between components of the model 

The motivational correlates of general strategy knowledge are components of the self-system. 

Components of the self-system includes attributional beliefs, self-concept, self-efficacy, locus 

of control, and achievement motivation. These variables or components provide the critical 

motivational mechanisms needed to stimulate strategic learning and effective performance 

(McCombs, 1986). The motivational influence of the self-system determines the seeking of 
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opportunities to read, and the degree of effort expenditure and persistence in understanding 

text (Henk & Melnick, 1 992). Borkowski et al. ( 1 990, 1 992) refers to self-system variables 

as energisers of the metacognitive system and suggest that they help determine the quality of 

academic performance. 

Recent research and theory suggest that attributional beliefs are the principal catalyst in terms 

of impacting self-efficacy, strategic learning, and performance (Borkowski et al., 1 990; 

Groteluschen et al., 1 990). According to Carr and Borkowski ( 1 989), the development of 

cognitive strategic behaviour and effort-related attributions is a reciprocal cycle. Attributional 

beliefs are both the consequences of repeated cognitive strategy use and the causes of strategy 

selection and monitoring behaviours. In this sense, "attributions arise from lower level skills 

but fuel higher level executive processes" (Borkowski et al., 1 989, p. 66). 

Experiences of cognitive strategy use in multiple contexts result in beliefs in the value of 

strategic behaviour and in the role of effort in producing success. These forms of general 

strategy knowledge engender increased self-efficacy expectations which in turn may motivate 

children to confront challenging tasks (Dweck, 1 987). According to Groteluschen et al. 

( 1 990), positive feelings of self-efficacy generate a greater willingness to experiment with 

strategies. Such personal experimentation is imperative for the development of executive 

processes involved in selecting, monitoring, modifying, and generalizing specific cognitive 

strategies. Thus, the advancement of executive processes requires much effort, and strategic 

effort is instituted and maintained by beliefs in its utility (Borkowski, Milstead, & Hale, 

1 988). 

Specific strategy knowledge develops spontaneously as a function of the executive processes. 

There is also a dynamic reciprocal relationship between cognitive strategy use and specific 

strategy knowledge. Not only does specific strategy knowledge guide the deployment of 

cognitive strategies, but continued use of these strategies results m an expansion and 

refmement of specific strategy knowledge. 

It is important to note that specific strategy knowledge is insufficient for cognitive strategic 

behaviour. One must also have confidence in the usefulness of a strategy before expending 

time and energy in its deliberate application. Furthermore, successful cognitive strategic 

behaviour requires higher-order executive processes that govern the use of this knowledge. 

These executive processes inform decisions about how and when to use cognitive strategies. 
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In summary, it can be seen that not only are specific cognitive strategies necessary for 

effective learning and reading, they furnish the context for developing executive processes. 

In addition, they represent the basis for reformulating attributional beliefs and enhancing self

efficacy. The model presented here describes how the interaction among metacognitive 

components generates a reciprocal chain of events among attributional beliefs, executive 

processes, and cognitive strategy use. This reciprocal chain determines whether a child learns 

to engage in strategy use with flexibility and persistence. Effective use of strategies enhances 

self-efficacy, adaptive attributional beliefs, and the expansion of metacognitive awareness. 

The self-system variables, in turn, determine readiness to use strategies. 

5.2.4 Implications of the metacognition model for RD children 

Borkowski et al. ( 1 989, 1 990, 1 992) suggested that three components may be critical for 

understanding the differences in performance between RD and NA children. They are 

attributions (a motivational correlate of general strategy knowledge), specific strategy 

knowledge, and executive processes (or metacognitive strategy use). More specifically, 

Borkowski et al. ( 1 989, 1 990, 1 992) suggested that these components were crucial in 

explaining the generalization failures of RD children. 

In a recent study, Borkowski et al. (1 990) concluded that attributional beliefs represented a 

significant factor in distinguishing underachieving and achieving readers. This is because they 

play an important role in the development of metacognition and in determining how the child 

will respond to academic experiences (Borkowski et al., 1 990). For instance, effort-related 

attributions are likely to motivate children to acquire and use new cognitive strategies, 

resulting in the enhancement of metacognitive knowledge. The development of attributional 

beliefs is also closely tied to other self-system constructs such as self-efficacy (Eccles et al.,  

1 983;  Schunk, 1 983), and intrinsic motivation (Watkins, 1 984). Self-efficacy and other self

system constructs in turn predict achievement (Oka & Paris, 1 987). 

Normal achieving children tend to attribute their difficulties to controllable factors and their 

success to high ability and strategy use. These adaptive attributional beliefs help them 

maintain effortful, strategic behaviour even in the face of challenging tasks. Thus, the 

functional attributional patterns of NA children promote the development of motivational, 

metacognitive, and cognitive processes. In contrast, RD children who are not diagnosed until 
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after a period of school failure, often develop a negative self-system (e.g., maladaptive 

attributional beliefs). They are likely to feel less efficacious, and over the long term, fail to 

develop self-efficacy and adaptive attributions because of recurrent failures in reading. This 

in turn hinders the development of executive skills which are necessary for generalized 

problem solving. In addition, their external attributional orientation inhibits the acquisition 

of strategic behaviour and metacognitive knowledge because they have little reason to learn 

or to use strategies that they do not feel will help them achieve. Thus, RD children are in 

jeopardy of developing dysfunctional self- and metacognitive systems. 

Metacognitive knowledge and executive processes also distinguish RD and NA children. 

Skilled readers possess sophisticated metacognitive knowledge about the purpose of reading 

and reading strategies (Baker & Brown, 1 984a). NA children engage in achievement oriented 

problem solving behaviours because they believe that their difficulties are surmountable 

through their effortful strategic behaviour. These beliefs foster the development of specific 

strategy knowledge and executive processes. In contrast, RD children have specific strategy 

knowledge deficits. These deficits are likely to hinder the development of generalizable 

strategies. Their inappropriate attributional beliefs make it unlikely for them to take full 

advantage of new information or to make the best of learning opportunities as they tend to 

avoid learning challenges (Dweck, 1987). In this way, dysfunctional attributions hinder the 

development of specific strategy knowledge, and also the emergence of executive processes 

(Borkowski, Carr, & Pressley, 1987). 

Groteluschen et al. ( 1990) suggest that executive processes are a major factor in accounting 

for the differences in ability between RD and NA children. Normal achieving children who 

apparently have mature executive processes possess the capacity to select appropriate 

strategies for the task at hand. In contrast, RD children have an overall deficit in executive 

processing as manifested by their ineptitude in selecting, implementing, monitoring, and 

generalizing available strategies. These executive processes are crucial in the deployment of 

cogrutive strategies. This is because no matter how extensive a child's metacognitive 

knowledge is, successful deployment of cognitive strategies demands the use of executive 

processes that govern the use of metacognitive knowledge. 

It is argued in the present study that another important factor distinguishing NA and RD 

children is cognitive strategy use. Deficits in cognitive strategy use have been implicated as 

reasons for the impoverished performance of RD children. When confronted with difficult 



66 

tasks, RD children do not engage in effortful deployment of strategies, often using ineffective 

or inefficient strategies. This results in a level of performance below their capabilities. 

Unlike proficient readers who modify or switch strategies in the face of failure, RD children 

often fail to effectively transform strategies. Strategic behaviour in children creates a sense 

of control which is reflected in effort-related or strategy based attributional beliefs which, in 

turn, foster further strategic behaviour. 

The model predicts that deficits in metacognitive knowledge, self-efficacy, executive 

processes, and cognitive strategy use of RD children arise from their maladaptive attributional 

beliefs (Borkowski et al. ,  1 990, 1 992; Groteluschen et al., 1 990). Thus, attributional beliefs 

may be the most important factor in differentiating NA and RD children. It has been 

suggested that, "although dysfunctional attributional patterns emerge as by-products of poor 

performance associated with biologically based learning deficits, their subsequent development 

is hindered by the maladaptive functioning of the entire metacognitive system in which they 

are imbedded" (Carr et al. ,  1 99 1 ,  p. 1 1 6). 

In summary, it seems that a functional/dysfunctional system of cognitive, metacognitive, and 

motivational processes explains the maintenance of reading achievement/impairment. The 

dysfunctional attributional patterns of RD students, from the perspective of the model 

developed here, may hinder the development of important self- and metacognitive 

components. By espousing dysfunctional attributional belief patterns RD children handicap 

their development of positive self-efficacy, specific strategy knowledge, cognitive strategy use, 

and executive processes. Thus, adaptive attributional beliefs are not only necessary for 

effective learning and reading, but they furnish the context for the development of executive 

processes and cognitive strategy use, as well as representing the basis for refining and 

expanding metacognitive knowledge and enhancing self-efficacy. The difficulties of RD 

children can best be viewed as reflecting interactive problems between and among various 

metacognitive components. Borkowski et al. 's  ( 1 989, 1 990, 1 992) model provide one of the 

most comprehensive models to date for explaining and understanding the differences between 

proficient and learning disabled readers. 

5.2.5 Empirical research supporting aspects of Borkowski's model 

As Borkowski' s  model is large and complex, it does not easily render itself to be testable as 

a whole (Borkowski et al. ,  1 990, 1 992; Groteluschen et al. ,  1 990). A limited collection of 

studies, mostly correlational and others involving intervention, provide support for parts of 
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Borkowski et al.'s ( 1990, 1 992) theoretical model. This section describes some key studies 

that have examined the relationships between metacognitive, cognitive, and motivational 

variables. 

Pintrich and De Groot ( 1990) examined the relationships between motivation (efficacy, 

intrinsic value, and anxiety), use of cognitive strategies (e.g., elaboration), metacognitive 

strategies (e.g., planning, monitoring), effort management strategies (e.g., persistence), and 

academic performance in seventh graders, using multiple regression techniques. Although 

data were collected on these variables for English and science, no attempt was made to 

analyze data by content area. Effort management and metacognitive strategies were placed 

within a generic category of self-regulation learning strategies because there was evidence of 

a substantial correlation between these strategies. Intrinsic value did not have a direct 

influence on performance but was strongly related to self-regulation and cognitive strategy 

use, regardless of prior achievement level. Self-efficacy and intrinsic value were positively 

related to use of cognitive and self-regulatory strategies and performance. However, efficacy 

did not predict subsequent performance when strategies were included in the regression 

analysis. That is, the expectancy component appeared to play a facilitative role in relation 

to strategy use such that strategy use variables were more directly tied to actual performance. 

Self-regulation, self-efficacy, and test anxiety emerged as the best predictors of performance, 

but this was somewhat dependent on the outcome measure. 

Pokay and Blumenfeld (1 990), usmg path analytic procedures, investigated how the 

relationship between motivation and strategy use changed during a semester in a high school 

geometry class. Their fmdings suggested that the relationships among motivation, strategy 

use, and achievement varied with the time in the year. Early in the semester, expectancies 

and value predicted the use of a variety of strategies: metacognitive, general cognitive, effort

management, and geometry specific strategies. In addition, expectancies, metacognitive 

strategies, and effort management strategies predicted grades. Late in the semester the pattern 

of relationships changed; only value continued to predict strategy use (all types), while 

geometry self-concept and metacognitive strategy use predicted grades. These fmdings 

suggest that students achieve early successes by using task specific strategies, but as skills 

become established, metacognitive strategies become more important. 

Meece, Blumenfeld, and Hoyle ( 1988) conducted a study with a group of fifth and sixth grade 

science students to assess the relationships between their task-specific goal orientation, 



68 

intrinsic value, attitudes towards science, and their cognitive engagement (a measure of their 

reported cognitive and metacognitive strategy use). Using structural equation modelling 

techniques, the authors found that students' intrinsic motivation toward school and science 

attitudes were significant predictors of goal orientation. Moreover, intrinsic motivation and 

goal orientation were significant and positive predictors of students' cognitive engagement. 

Empirical support for Borkowski et al. 's (1 989, 1 990, 1 992) model, particularly with regard 

to the relationship of motivational processes and strategy use, is also provided by Schunk's  

( 1 989b) research. Schunk suggested that students' strategic knowledge, with respect to the 

cognitive and metacognitive strategies that make for effective reading, was not sufficient for 

good performance. It was suggested that students must also believe that (a) the strategies 

will help them to read better, and (b) they are capable of implementing those strategies 

efficiently and effectively. Hence, students' efficacy related perceptions of the strategies and 

of themselves as users of those strategies were critically important in predicting who was able 

to regulate their own learning. Students who believed both that they know how to employ 

the strategies successfully and that using the strategies is likely to lead to greater academic 

success were most likely to engage in effortful attempts to use the strategies about which they 

have learned (Schunk, 1 989b ) .  Thus, goal-directed strategic behaviour is a product of skill 

and will (Palincsar & Ransom, 1 988; Paris, 1 988). 

Empirical evidence for the relationship between self-efficacy and metacognitive processes in 

the domain of reading has also been established. Paris and Oka ( 1 986) found that students' 

perceptions of competence were positively related to performance on a reading comprehension 

task, metacognitive knowledge about reading, and reading achievement. In another study, 

Oka ( 1 985) found that while under- and over-achievers had similar metacognitive knowledge, 

they differed in terms of self-perceptions. Oka concluded that underachieving readers "may 

fail to put their awareness about reading to work because they lack a sense of. self-efficacy 

and self-competence" (p. 14). 

The relationship between attributions and strategy use has been established in a number of 

correlational studies (McCombs, 1 988; Palmer & Goetz, 1 988; Short & Ryan, · 1 984). For 

example, Wagner, Spratt, Gal, and Paris (1989) measured metacognitive knowledge, causal 

attributions, perceptions, and reading performance from one cohort of 350 first-grade children 

over a 1 year period, and another cohort of 464 fifth-grade children over a 3 year period. 

They found even when background variables and cognitive skills were controlled, attributions 
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and metacognitive knowledge still predicted a significant amount of variance of subsequent 

reading achievement in the Moroccan children. 

Probably the most compelling evidence for a linkage between attributional beliefs and strategy 

use comes from intervention studies in which attributional beliefs were manipulated in 

combination with other metacognitive processes (Borkowski, Weyhing, et al., 1 988;  M. K. 

Reid & Borkowski, 1987). The goal of these combined reattribution and metacognitive 

training studies was to transform LD students into active learners by restoring responsibility 

for learning to them. 

The repeated emphasis by researchers that there should be an equal focus on executive 

processes and reattribution training is supported by research. For example, M. K. Reid and 

Borkowski (1 987) investigated the effects of three instructional conditions on strategy 

maintenance and generalization in LD children who were hyperactive. In the control 

condition, children received specific strategy instruction. In the self-control (or executive 

process) condition, children learned self-regulatory procedures in addition to specific strategy 

training. Children in the self-control plus attributional condition received strategy and self

control instruction as well as attributional retraining. The findings revealed substantially 

superior performance of those children in the self-control plus attribution retraining condition. 

These children demonstrated better strategy maintenance and generalization, and gained higher 

personal causality scores that endorsed effort. In addition, they maintained their persistent use 

of strategies at a 1 0-month follow-up. In fact, they seemed to have undergone permanent 

improvements in their metacognitive knowledge and attributional beliefs. Thus, support was 

provided for the conclusion that metacognitive knowledge, executive processes, and strategic 

beliefs of effort and personal causality interact and play an essential role in the generalization 

of strategic behaviours. 

In summary, there is empirical �upport for parts of Borkowski' s  model (Borkowski et al., 

1 989, 1 990, 1 992). Most of the research has been correlational in nature and has focused on 

selected sets of metacognitive components. As yet, research has not identified the 

independent and interactive effects of a number of metacognitive components on reading 

comprehension within a causal framework. These metacognitive components include 

metacognitive knowledge, cognitive/metacognitive strategy use, and motivational beliefs. The 

investigation of these components on achievement represents a potentially important direction 

for future research. 
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5.3 The need for causal models 

Resolving the question of how metacognitive, cognitive, and motivational variables are related 

to reading comprehension performance requires a different research approach than that 

traditionally undertaken by researchers. Historically, investigators have relied on correlational 

studies (including regression analysis) or intervention studies to justify the links amongst 

these variables. The problem with correlational studies is that they do not reveal the causal 

influences amongst these variables. Although intervention studies can establish causal links, 

they do not allow one to disentangle the functional components of a complex package or 

determine the relative influence of the active components. For instance, the metacognitive 

training study of Borkowski, Weyhing, et al. ( 1 988) showed sizable gains in comprehension 

skills of poor readers, but did not permit a specification of the relative contributions of the 

key variables in the training package. 

Given the complex systems of cognitive, metacognitive, and motivational factors involved in 

children's reading achievement, cognitive development is best studied by using research 

designs which examine these constructs simultaneously (Ku.rtz, 1 99 1 ). Simultaneous 

measurement of cognitive, metacognitive, and motivational variables allows the researcher 

to test competing theories. In addition, it allows the researcher to understand the relative 

strengths of each component as well as interactions among them as they influence reading 

performance, thereby enriching theory and guiding instruction. 

Structural equation modelling is ideally suited to an area such as this, in which existing theory 

justifies the inference of a causal pattern of interrelations among several variables. "The 

availability of confmnatory, structural analyses makes possible the causal analyses of 

interactive factors that produce, maintain, or intensify learning disabilities" (Borkowski, 

Johnston, et al., 1 987, p. 1 69). It has also been suggested that structural models form 

effective research tools that enable researchers to go beyond the surface features of the data 

and examine the dynamic interactions associated with learning (Fogel & Thelen, 1 987; 

Joreskog & Sorbom, 1 989). 

Typically, investigators assume that the relationship between variables is stable across 

developmental or skill level if the same pattern of relationships is found at each age or skill 

level. However, one can only be sure that a relationship is stable across skill level, if one 

directly compares the pattern of relationships in one skill level with the pattern of 



7 1  

relationships at another skill level. Such investigations are relatively rare. The present study 

applied multisample structural equation modelling techniques to investigate the generality of 

the causal structure of cognitive, metacognitive, and motivational variables across RD and NA 

children. A description of structural equation modelling is provided in Chapter 7. 

5.3.1 Causal models of reading achievement 

A number of causal models have been developed in recent years which show the relationship 

between metacognitive abilities at the word level (e.g., phonological and syntactic awareness) 

to reading achievement (Spedding & Chan, 1 993 ; Twuner & Hoover, 1 992). However, these 

models were limited in that they did not take into account motivational factors. There has 

been some investigation of the interaction of motivation and metacognitive/cognitive factors 

related to academic achievement, but the research has largely been correlational in nature 

(Paris & Oka, 1986; Pintrich & De Groot, 1 990; Pokay & Blumenfeld, 1 990; Zimmerman & 

Martinez-Pons, 1 990). Basically this research showed that students high in self-efficacy or 

perceived ability are more likely to engage in self-regulation and to make use of cognitive 

strategies for learning. Generally, the discussion of most previous research has focused on 

linear relations between single motivational variables and cognitive engagement 

(metacognitive and cognitive strategy use) variables. However, student involvement in 

learning includes both motivation and cognition, operating together, not in isolation from one 

another. Hence, it is important to address the complex and interwoven self- and 

metacognitive systems that seem responsible for differential academic achievement in NA and 

RD populations. Furthermore, it is important to examine the causal ordering of these 

variables in future research. 

In a recent study, Carr et al. (1991)  tested a structural equation model to explain variations 

in reading achievement. They compared achieving and underachieving readers to determine 

possible differences in causal relationships among metacognitive, motivational, and cognitive 

constructs. Their model was derived from Borkowski et al. 's  ( 1 989, 1 990) general 

metacognition model. Carr et al. 's  model is unique in that it incorporated both motivational 

and metacognitive/cognitive factors to explain reading achievement. In addition, Carr et al. 's  

study represents a key, and perhaps the first, study that has tested Borkowski' s model within 

a causal framework using structural equation modelling techniques. The model is presented 

in Figure 3 .  
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Figure 3. Carr et aL's (1991) model of reading performance in achieving and 

underachieving readers. 

Carr et al.'s (1 991)  model differed from Borkowski et al.'s (1989; 1 990, 1992) general model 

in a number of ways. First, Carr et al. explicated more clearly the relationships between 

motivational beliefs (or self-system constructs) and metacognition. The general metacognition 

model did not specify how these motivational beliefs interacted with their metacognitive 

counterparts. In addition, the model did not delineate how the different self-system constructs 

(attributions, self-esteem, and self-efficacy) were related to each other in their ability to 

predict metacognitive processes. On the other hand, Carr et al. extended Borkowski et al.'s 

metacognition model by incorporating. attributional beliefs and self -esteem as separate factors 

and as antecedents to metacognitive awareness about reading. These relationships were not 

delineated in Borkowski's theory; instead the self-system constructs were presented as 

correlates of general strategy knowledge (cf. Figure 2 in section 5.2.1). 

Second,' the focus of Carr et al.'s study was on the relationship between ability and 

attributions in differentiating achieving and underachieving readers (M. Carr, personal 

communication, February 13,  1 995). In the general metacognition model, ability was not 
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included as a variable. Finally, Carr et al. 's  ( 1 99 1 )  model was a testable model while the 

model proposed by Borkowski was too large and complex to be testable as a whole. 

The findings of Carr et al. ( 1 99 1 )  suggested that for both achievers and underachievers, ability 

facilitated reading performance as well as the development of reading awareness 

(metacognitive knowledge). Performance was mediated by attributions, self-esteem, and 

reading awareness. Although ability has previously been shown to predict self-esteem (Rubin, 

Chance, & Phares, 1 979, cited in Carr et al., 1 99 1  ), the link between ability and self-esteem 

was mediated in Carr et al. 's model by attributions about success and failure. Carr and her 

colleagues argued that positive self-esteem is promoted by adaptive attributional beliefs. In 

their view, self-esteem and attributional beliefs were expected to enhance reading performance 

through their impact on reading awareness. 

Carr et al. 's  ( 1 99 1 )  findings also suggested that attributional beliefs were pivotal in 

determining whether children succeeded in reading. Intellectual ability did not promote the 

development of adaptive attributions in underachievers. The path from ability to attributions 

was the only path that discriminated underachievers from achievers. Thus, Carr et · al. 

concluded that "subtle attitudinal differences about learning strategies - as opposed to the 

complete breakdown of the metacognitive-motivational system - are hypothesized to be an 

important factor differentiating underachievers and achievers" (p. I 09). 

In conclusion, Carr et al. ' s  ( 1 99 1 )  model provides a significant advancement in metacognitive 

theory by testing Borkowski et al. 's  ( 1 989, 1 990) model of metacognition within a causal 

framework. In addition, these researchers have extended Borkowski's model by breaking 

down the general strategy knowledge component and delineating how the different self-system 

constructs are related to each other and their metacognitive counterparts. Another significant 

contribution is that they have attempted to test the generalizability of the model across 

different groups of readers. 

5.3.1.1  Limitations of Carr et al.'s (1991) model 

(i) Methodological limitations 

The study by Carr et al. ( 1 99 1 ), while insightful in providing information about the causal 

relationships between ability, motivation, metacognitive knowledge, and reading performance, 
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had a number of methodological limitations. First, intellectual ability was measured by the 

Slo�son test of intelligence and the Peabody Picture Vocabulary Test (PPVn. Although these 

tests were used for pragmatic reasons, they are clearly not ideal measures of ability. For 

instance, the Slosson test has been criticized for its use of the mental-age concept. It also has 

limited standardization and reliability (R. L. Taylor, 1984). Furthermore, even though it gives 

a quick estimate of a person's intelligence, the majority of items are highly verbal and the 

scores tend to overestimate a person's  IQ as determined from more comprehensive measures 

(R. L. Taylor, 1 984). The PPVT, on the other hand, is a measure of receptive vocabulary 

which presents a limited aspect of general intelligence. 

Second, there were a number of issues concerning the adequacy and sconng of the 

attributional measure. Rather than using a reading specific measure, Carr et al. ( 1991)  used 

a measure of general achievement attributions. This is questionable as there is evidence for 

domain specificity of attributional beliefs (Weiner, 1983). Using a global measure of 

academic attributions impairs the ability to understand and predict behaviour in particular 

domains and does not take into account the complexity and variation of attributions in that 

domain. 

Furthermore, there may have been a flaw in the way the success and failure attributions were 

scored. Effort attributions were more heavily weighted than ability (2 Effort + 112 Ability) 

in the scoring procedure and was justified by the authors in that effort was considered to be 

highly important for strategy use. In spite of this rationalization, this weighted scoring 

method is considered to be questionable as weighting effort four times that of ability would 

probably influence the relationships found between attributions and reading awareness in the 

desired direction. A more equitable approach would have been to give equal weighting to 

each of the attributions measured. 

Third, a general measure of self-esteem was used. The same arguments for attributions apply 

here. In other words, a global measure of academic self-esteem does not allow clarification 

of individual differences within the reading domain. 

Finally, Carr et al. ( 1 991)  used the subscale scores of the Index of Reading Awareness (IRA; 

Jacobs & Paris, 1 987) to form two indicators of metacognitive knowledge. However, the 

findings of McLain et al. ( 1 991)  subsequently suggested that the reliabilities of the subscales 

of the IRA were too low to support the use of the subscales as separate scores for any 
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analysis. Hence, the unreliability of the split-half indicators may have confounded the 

fmdings of Carr et al. 

(ii) Hypothesized relationships 

The most salient distinguishing feature of RD or underachieving students is that measured 

intelligence does not predict their reading achievement, whereas intelligence does predict the 

achievement of their normal achieving peers (Keller & Hallahan, 1 987; Short, Feagans, 

McKinney, & Applebaum, 1984). In other words, for an individual to be called reading 

disabled, there must be a discrepancy between measured IQ and measured achievement, and 

reading failure must be "unexpected" on the basis of IQ (Siegel, 1989a). 

Although Carr et al. ( 1991) identified underachievers using a measure of disparity between 

their achievement and intelligence, they hypothesized that ability would predict achievement 

and metacognitive knowledge for these children in their model. This hypothesis is not 

consistent with theoretical and empirical predictions (S. Graham & Harris, 1 989; Keller & 

Hallahan, 1987; Short et al., 1984; Stanovich, 1 986a; Swanson, 1991b). The findings of Carr 

et al. suggested that ability predicted performance and metacognitive knowledge for 

underachieving readers. However, Carr and her colleagues did not test the competing model 

that the aforementioned paths may be dissimilar across groups. This competing test would 

have provided further information as to whether their initial formulated model could be 

rejected by using incremental-difference statistical tests. 

(iii) Statistical analysis 

In applying structural equation modelling, Carr et al. ( 1991)  constrained variances of their 

variables to be equal across groups but neither a priori or theoretical justification was 

provided. In addition, although the authors stated that several alternative models were tested, 

they did not provide a description of these tests or the fmdings. Considering differences in 

Carr et al. 's hypotheses and theoretical predictions concerning the relationship between ability 

and metacognitive knowledge/performance, the testing of alternative models seemed 

particularly important as they would have provided some clarification of these relationships. 

Yi and Nassen ( 1992) suggested that researchers should compare their proposed model with 

theoretically relevant, competing models. Only when one can demonstrate that the data are 
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unlikely to be observed under alternative rival models, can one have confidence in the 

proposed model. Thus, a consideration of competing models is necessary to evaluate the 

hypothesized model. 

5.3.1.2 Summary 

In summary, Carr et al. 's  ( 1 991)  study, while moving the field forward, had several areas 

which could be improved with regard to methodology, hypothesized relationships, and the 

application of structural equation modelling techniques. Clearly, more research is needed to 

determine the extent to which their model can be replicated. The present study replicated 

Carr et al. 's study with reading specific measures. It also extended Carr et al. 's study by 

incorporating metacognitive and cognitive strategy use; variables which have been shown by 

research to be critical for reading performance. 
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6.1 Primary goals of study 

77 

The general purpose of the study reported in this dissertation is to investigate how cognitive, 

metacognitive, and motivational factors causally relate to reading achievement/impairment. 

This investigation draws on three recent research developments: Borkowski et al. ' s  ( 1 989, 

1990, 1 992) model of metacognition; Carr et al. 's  ( 1 99 1 )  model of reading achievement; and 

the shift in social science research towards the use of causal models. 

In investigating the causal relationships between cognitive, metacognitive, and motivational 

variables, the present study focuses on a number of specific relationships that requires further 

clarification in the research literature. These are discussed in section 6. 1 .2. 

6.1.1 Testable interactive or multicomponential causal models 

Although several theorists have emphasized the necessity for integrating cognitive, 

metacognitive, and motivational theories to explain academic performance (Borkowski et al., 

1 989, 1 990, 1 992; Short & Weissberg-Benchell, 1 989), very few researchers have actually 

attempted to do this, particularly within a causal framework. Moreover, such 

multicomponential research has yet to be conducted with different populations (e.g., reading 

disabled), even though researchers have emphasized the need for this type of research (Pokay 

& Blumenfeld, 1 990; Zimmerman & Martinez-Pons, 1990). Reliable and theoretically 

meaningful models that are generally invariant across populations or subpopulations would 

contribute much towards theoretical parsimony and progress of educational research. 

Consequently, the main aim of the study was to generate causal models of cognitive, 

metacognitive, and motivational variables and to explore the differences in the relationships 

amongst these variables between reading disabled (RD) and normal achieving (NA) children. 

Causal models were developed based on an integration of Borkowsk.i's (Borkowski et al. ,  

1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1 990) and Carr et al.'s  

( 1991 )  models. 
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As mentioned earlier, previous studies have mostly relied on correlation or simple path 

analysis. Both of these research techniques have been criticized as being simplistic in theory 

and design (Byrne, 1 989a; Marsh, 1 990). Other studies have used intervention studies which 

reveal to some extent the causal influences among these variables. However, even if 

researchers show that attributionaJ training and instruction on metacognitive strategies 

improves reading performance, the question of "How do these components vary in their 

impact on reading comprehension achievement?" still remains. Hence, a scientific exploration 

of the interrelationships of cognitive, metacognitive, and motivational variables using a 

testable causal model is now needed. Structural equation modelling techniques (e.g., 

LISREL) provide one tool to assist in understanding the dynamics of complex models such 

as the ones tested in the present study. The pivotal characteristic of LISREL is its ability to 

probe for multiple influences, as variables can have direct, indirect, or mediated influences 

on outcomes (A. R. Reynolds & Walberg, 1 992). 

6.1 .2 Issues in need of investigation 

From the discussion of issues related to the metacognitive, cognitive, and motivational 

variables related to reading achievement in Chapters 3, 4, and 5, there are number of 

controversial, uninvestigated, or unclear aspects of the model in need of clarification. Six of 

these were selected for examination in the present study. 

6.1.2.1 Replication of Carr et al. 's (1991) model 

In light of the methodological limitations of Carr et al. ' s  ( 1 99 1 )  study (see Chapter 5, section 

5 .3 . 1 . 1 ), there is a need for reinvestigation of Carr et al.'s fmdings using valid domain 

specific measures and improved methods of defming RD children. In replicating constructs 

or concepts rather than procedural details of previous studies, the present study provides a 

"conceptual replication" of previous constructs or ideas (Kidder, 1 98 1 ). 

As pointed out in Chapter 2, the validity of the discrepancy approach as used by Carr et al., 

( 1 99 1 )  and others in defming RD children has been called �nto question (see Chapter 2). In 

particular, the heavy reliance on discrepancy as an identification variable for reading 

disabilities is neither conceptually nor psychometrically justifiable. In the present study, a 

multifaceted approach was considered appropriate in defming RD children as it is likely to 
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facilitate a more accurate identifica�on of the RD population. It should be noted that Carr 

et al. maintained that their sample consisted of underachieving readers and not reading 
\ 

disabled readers (M. Carr, personal communication, February 1 3, 1 995). However, this can 

be questioned on two grounds. First, the NJCLD definition and some researchers (e.g., Shaw, 

Cullen, McGuire, & Brinckerhoff, 1 995) suggest that children who have average levels of 

performance but who show a discrepancy between their intellectual ability and reading 

achievement may be considered to have a reading disability. Second, the discrepancy method 

employed by Carr et al. in obtaining their sample of underachieving readers is similar to that 

used by most researchers in selecting a reading disabled sample. In fact, to most researchers 

the concept of reading disability has become synonymous with the existence of a discrepancy 

between intelligence and reading achievement (Mather & Roberts, 1 994). 

It was argued earlier that one methodological weakness of previous research centred on the 

lack of specificity in measuring motivational variables. In view of the multidimensional 

nature of motivational beliefs like self-efficacy, self-concept, and attributional style, it seems 

legitimate to conclude that general motivational beliefs (e.g., academic self-efficacy, self

esteem) are insufficient to study the effect of self-efficacy or attributions in a specific subject 

area. Thus, the present study employed reading specific measures in preference to omnibus 

measures. These domain linked or task-specific appraisals of self-efficacy and attributions 

generally have higher explanatory and predictive power because of their greater relevance 

{Assor & Connell, 1 992; Bandura, 1 990). 

6.1.2.2 The mediating role of metacognitive knowledge and strategy use on the 
relationship between motivational beliefs and performance 

Research has demonstrated that rnetacognitive knowledge is positively related to students' 

motivational beliefs regarding their efficacy and attributions for performance (Borkowski et 

al., 1990; Pintrich, 1 989). In addition, a sizable body of research has demonstrated that 

students' use of learning strategies (Pressley et al., 1 987; Zirnmerman & Martinez-Pons, 1 986, 

1 988, 1 990) and metacognitive knowledge (Cross & Paris, 1 988; Paris & Winograd, 1 990b; 

Schneider & Pressley, 1 989) promote academic achievement. 

While metacognitive knowledge and strategy use are important for academic performance, 

there is also evidence that metacognitive knowledge does not ensure their effective and 

consistent use (Borkowski et al., 1 990; Garner, 1 990; Paris et al., 1 99 1 ). Knowledge of 
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strategies is necessary for actual strategy use, but it may not be sufficient (Schneider & 

Pressley, 1 989). Students must be motivated to use this knowledge in the form of strategies 

(Garner, 1 990; Paris et al., 1 991). Accordingly, it is hypothesized that both self-efficacy and 

metacognitive knowledge directly predict metacognitive and cognitive strategy use. It is also 

hypothesized that both self-efficacy and metacognitive knowledge would also directly predict 

combined strategy use. Combined strategy use represents a global measure of strategy use 

and includes a combination of metacognitive and cognitive strategies. Such a single factor 

formulation of strategy use has been conceptualized by previous researchers who refer to it 

as "cognitive engagement" (Meece et al., 1988). Both cognitive and metacognitive strategies 

have also been considered to be important components of self-regulated learning by a number 

of theorists (e.g., Zimmerman, 1989a). It is important to note that in the present study the 

generic term "strategy use" refers to strategy use in general irrespective of its category 

(cognitive, metacognitive ). 

Given the conflicting empirical findings, the relationship between metacognitive knowledge 

and cognitive strategy use is unclear, particularly with regard to RD children. There is a lack 

of agreement amongst reading disability researchers as to whether RD children are "inactive" 

or "inefficient" learners (see Chapter 3, section 3.4.4. 1 ). The present study uses LISREL to 

test the competing positions of the "inactive" and "inefficient" learner views. In addition, the 

nature of the relationship between metacognitive knowledge and strategy use across NA and 

RD readers was also examined. 

When causal modelling has been used in previous research, key variables identified as 

influencing reading performance, most notably metacognitive knowledge, and/or 

metacognitive/cognitive strategy use, have been excluded. The following relationships remain 

uninvestigated: (a) the causal impact of students' use of strategies on reading achievement, 

(b) the mediating role of metacognitive knowledge on motivational beliefs and strategy use, 

and (c) the mediating role of strategy use on metacognitive knowledge and academic 

performance. Furthermore, it is unclear whether the nature of the aforementioned 

relationships is similar for both NA and RD readers. 

Carr et al .  ( 1 99 1 ), in their causal model of reading achievement, used two indicators or 

measures of reading performance: cognitive strategy use and reading grades. For the present 

study it is argued that it may be preferable to consider strategy use and reading performance 

as separate components in the· model. This would provide a clearer understanding of how 
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strategy use affects performance. Given that there i s  a strong relationship between strategy 

. use and reading performance, and that metacognitive knowledge is necessary for strategy use, 
' 

it is considered important to examine the causal ordering of these variables. It is hypothesized 

that metacognitive knowledge will mediate the relationship between motivational beliefs 

(efficacy and attributions) and strategy use. It is also predicted that strategy use mediates the 

relationship between metacognitive knowledge and reading comprehension. Support for these 

predictions comes from the models of Carr et al. ( 1991) and Borkowski (Borkowski et al.,  

1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1 990). 

6.1.2.3 The relative impact of self-efficacy and attributional style on metacognitive 
knowledge 

Although sometimes confounded by imprecise definitions and varying methods of 

measurement, motivational beliefs such as causal attributions and self-efficacy have each been 

linked to students' metacognitive knowledge. However, it is not clear how these processes 

may work together to predict metacognitive knowledge. 

Correlational data on efficacy and attributions have supported the positive relation between 

these constructs and metacognitive knowledge. F allowing Carr et al. 's ( 1 99 1 )  findings, it was 

posited that both attributions and self-efficacy would have a direct effect on metacognitive 

knowledge. The relative influence of attributions and self-efficacy on students' metacognitive 

knowledge about reading was investigated in the present study, as this aspect of Borkowski 

et al. 's ( 1 990, 1 992) theory has yet to be tested. On the basis of Borkowski's theory, it was 

hypothesised that attributional style would have a stronger positive impact on metacognitive 

knowledge than would efficacy. 

6.1.2.4 The effect of self-efficacy on strategy use and performance 

According to the theoretical formulation of Borkowski' s model, self-efficacy is expected to 

have a direct effect on metacognitive strategy use but not on cognitive strategy use 

(Borkowski et al., 1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1 990). 

However, empirical findings do not support this prediction. For instance; research has shown 

self-efficacy to be a significant predictor of cognitive strategy use (Pintrich & De Groot, 

1 990), metacognitive strategy use (Pintrich & De Groot, 1 990; Pokay & Blumenfeld, 1 990), 

and general strategy use (Ames & Archer, 1 988) among adolescent students. 
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These competing empirical and theoretical predictions suggest a further need for research in 

this area to clarify the relationship between efficacy and cognitive/metacognitive strategy use. 

In accordance with empirical fmdings, it is hypothesized that efficacy would predict both 

cognitive and metacognitive strategy use. This would also mean that efficacy is a direct 

predictor of combined strategy use. 

The experimental and correlational studies of Schunk (1 985, 1989b) with elementary and 

junior high students indicate that self-efficacy is consistently related to academic performance. 

The fmdings of Pintrich and De Groot ( 1990) indicate that self-efficacy has an indirect effect 

on performance, suggesting that self-efficacy may play a facilitative role when cognitive and 

metacognitive strategy variables are included. However, this may depend on the outcome 

measures used. Studies that used domain specific measures of cognitive skills showed a direct 

relationship between self-efficacy and performance (Schunk, 1989b; Shell, Murphy, & 

Bruning, 1 989). In contrast, those that used global measures of performance showed self

efficacy to have an indirect effect on performance when strategy use variables are included 

(Pintrich & Schrauben, 1 992). In the present study, domain specific measures of academic 

performance were used; consequently it was hypothesized that self-efficacy would also have 

a direct effect on performance. 

6.1.2.5 The influence and relative impact of cognitive and metacognitive strategy use 
on performance 

It was previously argued that the use of cognitive strategies should be distinguished from the 

use of metacognitive strategies as distinct components of strategy use (see Chapter 3, section 

3.2.3). Evidence of such a distinction is supported by both theory and research. A large 

number of studies attest to the strong relationship between cognitive/metacognitive strategies 

and performance. The present study investigated the influence of these strategi�s on reading 

comprehension. 

Contrary to Borkowski et al. 's (1 989, 1990, 1 992) model, it is predicted that metacognitive 

strategy use is directly linked to reading comprehension performance. Although Borkowski' s 

theoretical model specifies that the relationship between metacognitive strategy use and 

performance is mediated by cognitive strategy use (Borkowski & Turner, 1990; Groteluschen 

et al., 1 990), empirical fmdings based on path analysis and multiple regression suggest 
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metacognitive strategy use may have a direct effect on performance (Pintrich & De Groot, 

1 990; Pokay & Blumenfeld, 1 990). 

Empirical research also suggests that cognitive strategy use is a direct predictor of 

performance, particularly for NA children (Pintrich & De Groot, 1 990; Pokay & Blumenfeld, 

1 990). However, with regard to RD readers, there has been much speculation on the nature 

of the relationship between cognitive strategy use and performance. It is unclear whether 

cognitive strategy use directly predicts reading achievement for RD readers. Research to date 

has yet to compare the nature of the relationship between cognitive strategy use and 

performance for NA and RD readers. With regard to RD readers, both the "inactive learner" 

and the "inefficient learner" perspectives implicate deficiencies in the use of cognitive 

strategies for learning. Thus, both views would suggest that cognitive strategies would not 

predict performance for RD students. In the present study, it is hypothesized that the 

relationship between cognitive strategy use and performance would differ between NA and 

RD readers. 

The relative impact of the distinct components of strategy use on reading performance is 

generally an under-researched question and would have important implications for educational 

planning. This question of relative impact is examined in the present study. It is predicted 

that cognitive strategy use will be more strongly related to performance than metacognitive 

strategy use for NA readers. This prediction is based on Pokay and Blumenfeld' s  (1 990) 

study, which indicated that geometry specific and general cognitive strategies were more 

strongly correlated with mathematical performance than metacognitive strategy use. 

6.1.2.6 The relative impact of success and failure attributions on efficacy and 
metacognitive knowledge 

According to Borkowski' s theory, attributional beliefs represent a key variable in the 

development of metacognitive processes (Borkowski et al., 1989, 1990, 1 992; Borkowski & 

Turner, 1 990). However, achievement theories to date have not discussed the differential 

effects of subcomponents of attributions on metacognitive development. Evidence that 

differential effects may occur amongst subcomponents of attributions . is provided in the 

depression literature (Sweeney et al., 1 986). Furthermore, Heider ( 1 958) suggested that 

different attributions for success and failure have distinct consequences for the individual's 

affective reaction, expectancy of future success, and subsequent behaviour. 
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There is indirect evidence in the achievement literature that different elements of attributions 

(which vary on the three causal dimensions) have a differential impact on achievement. In 

the attribution literature, attributions have generally been measured as specific factors or 

elements (e.g., ability, effort). An investigation of the relative impact of success and failure 

attributions on metacognitive knowledge would extend previous research and theory. The 

significance of this model rests on the premise that attributions for different outcomes (success 

and failure) will have distinct consequences for the individual's metacognitive knowledge and 

efficacy. The present study tests the validity of this assumption. 

6.2 Hypothesized Models 

A theoretically parsimonious model is one that would be invariant, to a large degree, across 

populations. This consideration dictated that few differences in the relationships amongst the 

variables be specified between groups. In doing so, a conservative model will be generated 

which explains the differences between NA and RD readers. Four models were generated to 

investigate the six issues discussed above and to investigate how relationships among 

motivational, cognitive, and metacognitive variables varied between NA and RD readers. 

The four models depicted in Figures 4 through 7 specify the causal relationships amongst the 

variables, and how they vary between NA and RD readers. A large number of hypotheses 

can be generated from these models. However for practical reasons, the present study limits 

the number of hypotheses by focusing on specific aspects that are unique and of particular 

interest in the present study. 

The models in the present investigation included two multifaceted constructs; namely 

attributional style (attributions) and combined strategy use. Each of these multifaceted 

constructs was composed of two auxiliary concepts, each of which could be distinguished 

conceptually from the other and measured separately, despite being related to each other both 

theoretically and empirically. Attributional style was considered as a multifaceted construct 

comprising two major subcomponents of achievement outcome: attributions for success and 

attributions for failure. Combined strategy use also consisted of two subcomponents: 

metacognitive strategy use and cognitive strategy use. One important advantage of combining 

facets of a multidimensional construct, is that it simplifies the data analysis and the conceptual 

explanation of the findings (Carver, 1 989). However, summing measures that are 

conceptually distinct is likely to lead to a loss of information and erroneous conclusions. 

Carver (1 989) suggested that without testing each component separately, in addition to the test 
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of the composite index, one cannot be sure of the basis by which the composite was 

associated with the outcome measure. Hence, these multifaceted constructs were initially 

tested as one factor models by combining the subcomponents into a single predictive index. 

This was also done on the basis of parsimony and its conceptual consistency with theoretical 

formulations of previous researchers who have used such constructs (Carr et al., 1 99 1 ;  Meece 

et al., 1 988). The separate effects of the subcomponents on the rest of the model were also 

examined. 

The first model is tested to replicate some of Carr et al.'s ( 1991 )  findings. The second model 

extends previous research by testing the multicomponential influence of attributions, self

efficacy, metacognitive knowledge, and combined strategy use in predicting performance. 

The third and fourth models examine in detail particular latent constructs that are of 

theoretical interest in Model 2. More specifically, the differential effects of the 

subcomponents of combined strategy use and attributional style are investigated. According 

to Borkowski et al. ( 1989, 1990, 1 992), attributional style and components of combined 

strategy use are considered important in explaining differences between NA and RD readers. 

Note that the four models depicted in Figures 4 through 7 have been modified a posteriori and 

have been presented here in order to clarify the subsequent analyses and results. These a 

posteriori modifications are mentioned as footnotes under the figure. For example, one of the 

footnotes suggests that the path from ability to metacognitive knowledge was fixed to zero. 

This was because the preliminary results had indicated that this relationship was nonsignificant 

for both groups. 

6.2.1 Proposed General Model 1 

Figure 4 presents a graphic representation of the first proposed general structural model. The 

labelled large circles represent the latent (unmeasured) constructs and the rectangles represent 

observed (or measured) variables. The unfilled arrows from the large circles to the rectangles 

indicate that the observed variables are theorized to be generated by the latent construct. 

Relationships that are hypothesized to be similar between groups have their causal paths 

constrained to be equal (solid line), whilst those that are hypothesized to differ between 

groups have their causal paths freed between groups (dotted line). 
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Only five indicators are used to represent the construct of attributional style due to a 

modification to this model post facto (see Chapter 8, section 8.3 .4). Students with an 

adaptive attributional style ascribe the causes of their success to internal, stable, and 

controllable factors, and their failure to controllable, unstable factors (e.g., Weiner, 1 985a). 

Hence, the latent construct of attributional style is represented by manifest variables of success 

attributional dimensions of locus of causality (intemality), controllability, and stability for 

success, and failure attributional dimensions of controllability and instability. In other words, 

all measures were scored so that higher scores implied adaptive attributions. General and task 

specific measures of confidence in reading represent indicators for self-efficacy. The 

metacognitive knowledge construct is represented by two metacognitive knowledge 

questionnaires, the MSI and the IRA. Standardized reading comprehension scores (PAT) and 

classroom scores are manifest indicators of the reading achievement construct. The latent 

construct of ability has one indicator, intellectual ability as measured by the WISC-R. 

The components of this model are based on Carr et al. 's ( 1991 )  study. However, the 

measures used are not identical. Model 1 tested the plausibility of a postulated causal system 

comprising the latent variables of ability, attributional style, self-efficacy, metacognitive 

knowledge, and reading performance. The relations postulated in this model differed slightly 

from that proposed by Carr et al. (1991) .  They are as follows: 

1 .  In this study, a direct relationship between ability and self-efficacy is specified in 

accordance with Ban dura's ( 1986) theory and previous empirical findings. In Carr 

et al. 's  ( 1 99 1 )  model, the link between ability and self-esteem was mediated by 

attributions about success and failure. 

2. In the present study it is hypothesized that the direct relations between ability and 

metacognitive knowledge, and between ability and reading comprehension 

performance would differ across groups. Carr et al. ( 1991 )  suggested the converse. 

Further, in contrast to Carr et al. 's model, the present study also postulates that three 

paths will discriminate RD children from NA children: the paths from ability to 

attributional style, ability to metacognitive knowledge, and ability to performance. 

3 .  Compared to Carr et al. ( 1 991 ), the present study used a more domain specific 

measure of expectancy, namely reading self-efficacy. In accordance with empirical 

research findings, it is hypothesized that self-efficacy will have a direct effect on 

reading comprehension performance. Such a relationship was not specified for self

esteem in Carr et al. 's ( 1991)  model. 
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Apart from the aforementioned paths, the present study aims to replicate the causal ordering 

of the variables found in the model tested by Carr et al. ( 1 991 ). 

6.2.1.1 Hypotheses 

It is hypothesized that: 

1 .  Ability directly predicts self-efficacy. 

2. Attributional style directly predicts self-efficacy. 

3 .  Efficacy mediates the relationship between attributions and metacognitive 

knowledge. 

4. Attributional style would have a stronger direct effect on metacognitive knowledge 

than efficacy. 

5.  Self-efficacy directly predicts reading comprehension performance. 

6. Not all the relationships between motivational, metacognitive, and cognitive 

variables would vary in magnitude across NA and RD readers. 

7. The magnitude of the relationship between ability and attributions would differ for 

NA and RD readers. More specifically, the relationship between ability and 

attributions is not significant for RD readers, but significant for NA readers. 

8. The relationship between ability and performance would differ for NA and RD 

readers. More specifically, the relationship between ability and performance is 

significant for NA readers but not for RD readers. 

9. The relationship between efficacy and performance would be similar for NA and 

RD readers. 

1 0. The relationship between efficacy and metacognitive knowledge would be similar 

for NA and RD readers. 

1 1 . The relationship between metacognitive knowledge and performance would be 

similar for NA and RD readers. 

1 2. The relationship between attributions and efficacy would be similar for NA and RD 

readers. 

6.2.2 Proposed General Model 2 

The second model (see Figure 5) represents an extension of Model 1 by incorporating the 

latent construct of "combined strategy use". The manifest variables of this construct include 

a self-report measure and a behavioural measure of global strategy use. Each indicator 

represents a global measure of strategy use which included a combination of cognitive and 
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metacognitive strategies. A one factor representation of strategy use is consistent with 

formulations of previous researchers (Meece et al., 1 988) and self-regulated learning theorists 

(e.g., Pintrich & De Groot, 1 990). 

The proposed model specifies that attributional style predicts metacognitive knowledge 

directly or indirectly through self-efficacy and that combined strategy use mediates the effect 

of metacognitive knowledge on performance. The model also specifies a direct relationship 

between efficacy and combined strategy use. In this model, it is hypothesized that the 

following four paths will discriminate RD children from NA children: ability to attributions, 

ability to metacognitive knowledge, ability to performance, and combined strategy use to 

performance. All relationships postulated are considered to be in the positive direction. 

6.2.2.1 Hypotheses 

It is hypothesized that: 

I .  Metacognitive knowledge mediates the relationship between motivational beliefs 

(attributions, efficacy) and combined strategy use. 

2. Combined strategy use mediates the relationship between metacognitive knowledge 

and reading comprehension performance. 

3.  Self-efficacy directly predicts combined strategy use. 

4. The relationship between metacognitive knowledge and combined strategy use 

would be similar for NA and RD readers. 

5. The magnitude of the relationship between combined strategy use and performance 

would differ for NA and RD readers. 

6.2.3 Proposed General Model 3 

In Model 3,  combined strategy use was respecified to form two latent variables. An implicit 

assumption underlying strategy use in Model 2 is that the responses to items used to define 

each measured variable are reasonably unidimensional. In this way the multiple indicators 

of a particular latent construct can be used to test the underlying structure and to assess 

measurement error. However, this approach may not be appropriate when the formation of 
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item clusters confounds information from different domains (e.g., cognitive versus 

metacognitive) which are substantively important and differentially related to other latent 

constructs of interest. According to Borkowski's theory, it seems likely that responses to 

different clusters of items of strategy use would be differentially related to performance 

(Borkowski et al. ,  1 989, 1990, 1 992). In other words, distinct components of strategy use are 

likely to have differential effects on the other latent constructs of interest in this study. In 

addition, empirical research in the domain of mathematics, has demonstrated that cognitive 

strategy use is more strongly related to performance than metacognitive strategy use for NA 

readers. Consequently, by averaging responses to these different components of strategy use, 

such potentially important distinctions cannot be evaluated. 

Model 3 (see Figure 6), an extension of Model 2, investigates in more detail the latent 

construct of combined strategy use by examining the differential effects of its metacognitive 

and cognitive subcomponents. The latent construct of metacognitive strategy use is specified 

by two indicators: a self report measure and a behavioural measure of metacognitive strategy 

use. Similarly, a self report and behavioural measure of cognitive strategy use represent the 

indicators of the latent construct of cognitive strategy use. 

Model 3 specifies that both cognitive and metacognitive strategy use mediate the relationship 

between metacognitive knowledge and reading performance, particularly for NA readers. 

Metacognitive knowledge mediates the relationship between motivational beliefs (attributions, 

self-efficacy) and metacognitive/cognitive strategy use. It is hypothesized that four paths will 

discriminate RD children from NA children; the paths from ability to attributional style, 

ability to metacognitive knowledge, ability to performance, and cognitive strategy use to 

performance. All relationships postulated are considered to be in the positive direction. 

The paths specified in Model 3 are in accordance with theoretical and/or empirical predictions. 

Two paths that were specified in Borkowski' s theory are excluded from the proposed model 

(Borkowski et al., 1 992; Groteluschen et al., 1990); instead they are tested as competing 

models. The paths include those between attributional style and metacognitive strategy use, 

and between metacognitive strategy use and cognitive strategy use. 

6.2.3.1 Hypotheses 

It is hypothesized that: 



1 .  Metacognitive knowledge directly predicts both cognitive and metacognitive strategy 

use. 

2. Self-efficacy directly predicts both cognitive and metacognitive strategy use. 

3.  Metacognitive strategy use directly predicts reading comprehension performance. 

4. Both metacognitive and cognitive strategy use would mediate the relationship 

between metacognitive knowledge and reading comprehension performance for NA 

readers. Only metacognitive strategy use would mediate the relationship between 

metacognitive knowledge and reading comprehension performance for RD readers. 

5 .  Cognitive strategy use is more strongly related to performance than metacognitive 

strategy use for NA readers. 

6. The relationship between cognitive strategy use and reading comprehension 

performance would differ for NA and RD readers. More specifically, the 

relationship between cognitive strategy use and performance is significant for NA 

readers but not for RD readers. 

7. The relationship between metacognitive strategy use and reading comprehension 

performance would be similar for NA and RD readers. 

8. The relationship between metacognitive knowledge and metacognitive strategy use 

would be similar for NA and RD readers. 

9. The relationship between metacognitive knowledge and cognitive strategy use would 

be similar for NA and RD readers. 

1 0. The relationship between self-efficacy and metacognitive strategy use would be 

similar for NA and RD readers. 

1 1 .  The relationship between efficacy and cognitive strategy use would be similar for 

NA and RD readers. 

6.2.4 Proposed General Model 4 
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Theoretical Model 4 (see Figure 7) represents an extension of Model. 3, and explores the 

differential effects of the attributional subcomponents. No empirical evidence or theory exists 

to explain how these subcomponents would differ in their impact on self-efficacy and 

metacognitive knowledge. As such, no hypotheses were formulated regarding their 

differential impact. However, hypotheses were formulated regarding how these relationships 

would vary across groups. This model specifies that both success and failure components of 

attributional style directly predict self-efficacy and metacognitive knowledge. 
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6.2.4.1 Hypotheses 

It is hypothesized that: 

1 .  Ability significantly predicts success and failure attributional style for NA readers. 

2. Ability does not significantly predict success and failure attributional style for RD 

readers. 

3 .  The relationship between success attributions and metacognitive knowledge is 

similar for NA and RD readers. 

4. The relationship between failure attributions and metacognitive knowledge is  similar 

for NA and RD readers. 

5.  The relationship between success attributions and efficacy is  similar for NA and RD 

readers. 

6. The relationship between failure attributions and efficacy is similar for NA and RD 

readers. 

6.3 Secondary goals of study 
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6.3.1 Differences in motivational, cognitive, and metacognitive variables across 
groups 

The secondary focus of this study involved exammmg how attributions, efficacy, 

metacognitive knowledge, and metacognitive/cognitive strategy use would vary between NA 

and RD readers. This is investigated for two reasons: 

1 .  It would provide validation of the multifaceted selection criteria used in the present 

study for selecting RD readers. 

2. It would clarify how motivational, cognitive, and metacognitive variables vary 

across NA and RD readers. Research has sometimes provided conflicting empirical 

fmdings regarding the attributional beliefs, efficacy, metacognitive knowledge, and 

cognitive strategy use of RD readers. 

6.3.1 .1  Hypotheses 

It is hypothesized that compared to NA readers: 

1 .  RD readers will have lower self-efficacy and possess less adaptive attributions. 

2. RD readers will have less metacognitive knowledge for reading. 
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3 .  RD readers will engage in less metacognitive and cognitive strategy use. 

6.4 Summary 

In summary, the present study draws on self-efficacy, attribution, and metacognitive theories 

of achievement to identify predictors of reading achievement/impairment. It examines the 

interactive influence of ability, attributional style, self-efficacy, metacognitive knowledge, 

cognitive strategy use, and metacognitive strategy use on young adolescents' reading 

comprehension performance. It also examines how these relationships vary across NA and 

RD readers. This research extends previous research in several important ways. First, earlier 

findings are replicated with a different sample of adolescents. Second, the role played by 

metacognitive knowledge and strategy use in mediating the relationship between motivational 

beliefs and reading comprehension performance is examined. Third, the differential effects 

of cognitive and metacognitive strategy use on reading achievement are investigated. In 

addition, the differential effects of attributions for success and failure on metacognitive 

knowledge and self-efficacy are explored. To date, these relations have not been investigated. 

Fourth, the relations between predictor variables and their causal links to outcome variables 

are tested with more sophisticated structural equation modelling techniques than were used 

in previous studies. This study also uses sophisticated group comparison procedures to assess 

possible population related differences in the predictive influence of cognitive, metacognitive, 

and motivational variables on reading comprehension performance. Finally, the present study 

limits the analyses to a sample of junior high school (intermediate) students to control for 

possible developmental effects. 
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CHAPTER 7 

STRUCTURAL EQUATION MODELLING 

Structural equation models have been referred to variously as covariance structure models, 

analysis of covariance structures, linear structural relations models, latent variable structural 

equation modelling, and perhaps most commonly as the LISREL models (Fergusson, 1 995; 

Joreskog & Sorbom, 1 989, 1 993; Long, 1 983b). They have been useful in solving many 

substantive problems in the social and behavioural sciences. Such models are now being used 

in psychology and education, in addition to areas of sociology, econometrics, and marketing. 

However, the use of structural equation modelling (SEM) in special education research is 

relatively rare and is only in its infancy (A. D. Moore, 1995). The purposes of this chapter 

are to: (a) provide a general introduction to, and explanation of, structural equation models, 

and (b) describe how the hypothesized models that were formulated earlier (see Chapter 6, 

section 6.2) could be represented as structural equation models. 

Although various forms of the general structural equation model have been advanced in the 

literature (e.g., Bentler, 1982; Joreskog & Wo1d, 1 982), the most popular and arguably the 

most useful formulation of structural equation modelling is the LISREL model described by 

Joreskog and Sorbom ( 1 989, 1993). The widespread use of LISREL model specifications and 

accompanying computer software has resulted in the term "LISREL" becoming virtually 

synonymous with structural equation modelling. The term has also been used to refer to the 

computer software used to fit structural equation models. The form of the covariance 

structure model that is presented in this thesis is essentially that incorporated in LISREL and 

will be referred to as the covariance structure model or the structural equation model. The 

LISREL formulation is used for two reasons. First, it provides a simple and readily accessible 

framework for the specification and testing of a vast range of models. Second, it is currently 

the most widely used general model for the analysis of structural equation models. A brief 

account of its terminology and methodology is given below. This is largely based on the 

accounts of structural equation modelling given by Bollen (1 989), Bollen and Long ( 1 993), 

Hayduk ( 1 987), Long ( 1983a, 1983b), Fergusson (1 995), and Fergusson and Horwood ( 1 988). 

I 
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7.1 An introduction to structural equation modelling and the LISREL 
model 

Structural equation modelling (SEM), also known as covariance structure .analysis, represents 

a set of techniques for theory testing with correlational data. The theories that can be tested 

are those that can be represented as a system of equations that describe unidirectional and/or 

bidirectional influences of several variables on each other. Typically, a structural equation 

model is specified via a simultaneous set of structural linear regressions of particular variables 

on other variables. In other words, these equations describe some postulated model of the 

causal relationships between certain variables of theoretical interest. The method is called 

covariance structure analysis because the implications of the simultaneous regressions are 

studied primarily at the level of correlations or covariances. 

SEM combines the advantages of factor analysis with path analysis. First, latent factors 

(theoretical constructs) are derived by factor analysis from the multiple observed measures of 

each construct. Second, path coefficients are estimated for the paths that presumably relate 

one set of latent factors to another. Since latent factors are by definition error free, some of 

the dangers of path analysis with manifest variables are avoided. Hence, the correlation 

between the latent factors provides a more accurate estimation of the relationship between the 

constructs they represent than the correlations between pairs of observed variables. 

Structural equation models have been defmed by Fergusson (1 995) as describing 

the measurement and structure of a set of observed variables in terms of 

simultaneous linear equations which summarise and encapsulate the 

assumptions of some prespecified conceptual model of the measurement and 

causal relationships of the observed variables. (p. 122) 

Although it is important to recognize that structural equation models seldom provide any 

direct test of the causal assumptions on which the models are based, such models can be 

thought of as "a formal statement of the investigator's beliefs about the causal structures that 

underlie a set of observed variables" (Fergusson & Horwood, 1 988, p. 325). 

Most theories in the social and behavioural sciences are formulated in terms of theoretical 

hypothetical constructs that cannot be measured directly (e.g., self-esteem, motivation, 

metacognition, ability, school performance). Such hypothetical, non-observed constructs are 
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commonly termed latent variables. The measurement of the hypothetical constructs is done 

indirectly by measuring multiple observable variables which are designated as indicators of 

the underlying theoretical construct (see also section 7.3). 

The investigator defines the hypothetical constructs by specifying the dimensions of each 

construct (see Boil en, 1989, pp. 1 79- 1 8 1  ). For example, the different dimensions of attitudes, 

persistence, and effort-expenditure may be united to form the construct or concept of 

motivation. The theory specifies further how the various hypothetical theoretical constructs 

are postulated to be interrelated. This includes: (a) classification of the constructs into 

.dependent and independent constructs; (b) specifying for each dependent construct, which of 

the other constructs it is postulated to depend on; and (c) specifying the sign and/or relative 

size of the direct effect of one construct on another. 

The theory cannot be tested directly since the theoretical latent constructs are not observable. 

This means that the researcher can only examine the theoretical validity of the theorized 

relationships in a given context. A set of operationable variables must be defined for each 

dimension of each construct before the theory can be tested empirically. There must be clear 

rules of correspondence between the measured variables and the theoretical constructs such 

that each dimension and construct is distinct. 

The theoretical postulations between the latent constructs form the structural part of the 

model, and the relationships between the observable indicators and the theoretical latent 

constructs form the measurement part of the model. The testing of the structural model may 

be meaningless unless it is first verified that the measurement model holds. If the chosen 

measures or indicators for a construct do not measure that construct, then it may not be 

possible to provide an adequate test of the structural model. Therefore, it may be useful to 

test the measurement model first. In order to test the model, each of the structural and 

measurement parts must be formulated as a statistical model. This will be discussed in the 

following section. 

The analysis is predominantly confirmatory in nature, that is, it seeks to determine the extent 

to which the postulated structure (as described by the linkages among the latent variables and 

among the latter and their indicators) is actually consistent with the empirical data at hand. 

This is done by computing the variance-covariance matrix of the observed indicator measures 

as implied by the specified model �) and comparing it to the actual variance-covariance 
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matrix based on the empirical data (S). The variance-covariance matrix of the set of observed 

variables are assumed to be measured on interval scales and to have a mean of zero. 

In the remaining sections of this chapter, the statistical theory and methodology for testing 

covariance structure models will be developed within the framework of the LISREL model 

as described by Joreskog and Sorbom (1993). This is done only for models that meet the 

following assumptions: (a) linearity of structural relationships, (b) interval scaling of all 

variables, whether latent or observed, and (c) multivariate normality of the distribution of the 

observed variables. For simplicity, this theoretical development focuses on a consideration 

of models for a single population initially. A brief description of how the theory can be 

applied to the models for two populations or more (referred to as multisample analysis), and 

the justification for the use of LISREL-type models will follow. The process of testing a 

given model involves four related aspects: model specification, identification, parameter 

estimation, and model evaluation. 

7.1 .1  Model specification 

Latent (unobserved) variables can be classified as endogenous or exogenous. If a latent 

variable is directly caused or influenced by any of the other latent variables, it is classified 

as endogenous. However, if a latent variable acts as a "cause" and not as an "effect," then 

it is exogenous. Therefore, two types of observed variables are distinguished by the LISREL 

model: 

I .  the x variables, which are indicators of latent independent or exogenous variables. 

2. the y variables, which are indicators of latent dependent or endogenous variables. 

The general structural equation model consists of two complementary models: 

1 .  the measurement model, which provides a set of equations that describe how each of the 

latent constructs is operationalized via the observed or manifest variables (x, y). 

2.  the structural model, which provides a set of equations that describe the relationships 

between the latent constructs, and reflects substantive hypotheses based on theoretical 

considerations. 

The general LISREL procedure can be used to assess either measurement or structural 

equation models and when appropriate, both simultaneously. 



101 

7.1.1.1 Measurement model 

The measurement model for the x variables is 

where: 

x = � � + o 

is a q x 1 vector of observed predictor variables, x. 

is an n x I vector of latent independent or exogenous variables. 

is a q x n parameter matrix of regression coefficients that describe the 

relationships between the observed variables x and the latent 

independent variables, �. In other words, it is the matrix of the 

loadings of the x' s on the f s. 

is a q x 1 vector of errors of measurement (or disturbance terms) in x. 

Similarly, the measurement model for the y variables is 

Y = Ay 'l + E 

where: y is a p x I vector of observed responses on outcome variables, y. 

is an m x I vector of latent dependent or endogenous variables. 

Ay is a p x m parameter matrix of regression coefficients that describe the 

relationships between the observed variables y and the latent dependent 

variables, '1· In other words, it is a the matrix of the loadings of the 

y's on the 71's. 

E is a p x 1 vector of errors of measurement (or disturbance terms) in y. 

As can be seen from the equations, the variances of the observed x and y variables can be 

partitioned into components attributable to the latent variables of the model (a true score) and 

to errors of measurement (also known as unique factors). The error variables (o, e) specify 

the cumulative effects of excluded variables and purely random errors on the observed x and 

y variables. 

Measurement error (i.e., errors in recorded responses) may be interpreted as a "residual" 

covering a variety of influences, in addition to that of the true score, ·which produce the 

observed score. According to Groves ( 1 989), a variety of factors which vary across 

individuals can influence subjects' responses. These include (a) questionnaire method effects, 
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(b) subjects' inability or lack of requisite effort to answer questions or obtain correct answers, 

(c) deficiencies in the wording of questionnaires, or (d) effects due to mode of data collection 

(e.g., written questionnaires, test administration, use of face-to-face versus telephone 

communication). Groves suggested that all these factors may be included as that part of the 

measurement which is assigned to measurement error. The measurement model thus points 

to the existence of a true score for each of the particular theoretical variables of interest. 

However, the existence of measurement error means that it is not possible to examine these 

true scores directly. Consequently, the concept of a latent (unobserved, unmeasured) variable 

is introduced to represent the true score. 

7.1.1.2 Structural model 

The relationships between the latent variables are represented by the structural model and can 

be expressed as: 

where: B is a m x m matrix of regression coefficients which describe the 

relationships between the endogenous variables, TJ· 

TJ is an m x 1 vector of latent dependent or endogenous variables. 

r is an m x n matrix of regression coefficients that describe the 

relationships between the latent independent or exogenous variables, � , 

and the latent dependent or endogenous variables, TJ. 
� is a n x 1 vector of latent independent, or exogenous variables. 

r is an m X 1 vector of random disturbances in the structural equations, 

indicating that the endogenous variables are not perfectly predicted by 

the structural equations. 

In this general form the structural model permits all exogenous variables to influence all 

endogenous variables, and all endogenous to be related to each other, rendering it liable to 

problems in identification (see section 7. 1 .4 on identification). Thus, in practice, to obtain 

an identified model, it is necessary to set some of the elements of the parameter matrices, r 
\ 

and B, to zero. 

There are two types of structural models: recursive and nonrecursive. Recursive models have 

two defining characteristics (Carmines, 1 986). First, the causal paths among the latent 
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variables run in only one direction and no feedback loop exists, and second, the disturbances 

(5) in recursive models are uncorrelated. These constraints mean that no reciprocal effects 

are possible in recursive models. In nonrecursive models, reciprocal relationships may exist 

among the latent variables and disturbances may be correlated. 

A number of assumptions need to be met for the general LISREL model. These include: 

1 .  Variables are assumed to be measured as deviations from their means. 

2. Common and unique factors are uncorrelated. In other words, e is uncorrelated with 11; 
o is uncorrelated with �; 5 is uncorrelated with 11 .  

3 .  Unique factors are uncorrelated across equations. In other words, o, e, and 5 are mutually 

uncorrelated. 

4. Latent variables and errors are uncorrelated. In other words, � and 11 are uncorrelated 
with the disturbance terms ( e, o, 5). 

5.  None of the structural equations is redundant. 

7.1.2 Other parameter matrices of LISREL 

So far, four matrices (B, r, Ax. Ay) have been introduced. Four other matrices of coefficients 

to be estimated are required to complete the specification of the general model. The 

following matrices are permitted to be non-zero: 

1 .  the matrix, if>, which is an n x n matrix representing the variances and covariances of the 
unobserved latent variables � .  

2. the matrix, e E' which is a p x p matrix representing the variances and covariances of the 
measurement errors e for the measurement model for the y variables. 

3. the matrix, 96, which is a q x q matrix representing the variances and covariances of the 

measurement errors o for the measurement model for the x variables. 
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4. the matrix, i', which is an m x m matrix representing the variances and covariances of 

the disturbance terms r. 

As can be noted three of the four remaining matrices (Se, 9.s, i') are variance-covariance 

matrices of the error or disturbance variables. When the structural and measurement equations 

are estimated, the error terms become part of these matrices. For example, the variances of 

€j and 0j are actually estimated as the diagonal values of the eE and eel matrices, respectively. 

Likewise, the variances of the structural equation disturbance terms (si) are the diagonals of 

the if matrix. Several useful observations can be made of the abovementioned four matrices. 

First, they are square matrices. Second, the diagonal elements should always be positive since 

they represent variances and variances must be positive. Third, the matrices are symmetric, 

so only the lower (or upper) triangular elements of these matrices need be written. Fourth, 

if the variables are standardized, these matrices become correlation matrices. 

7.1.3 Types of model parameters 

A wide range of structural equation models can be specified in terms of the parameter 

matrices Ax, Ay, r, B, <!>, i', eE, and eel, by imposing various constraints on the parameter 

matrices to satisfy a given model specification. There are three types of model parameters: 

fixed, constrained, and free parameters. Fixed parameters are assigned given values, so they 

are not estimated as part of the model. The absence of causal paths (represented by zero 

values for some of the (3 and -y parameters) and assignment of units of measurements to latent 

variables (represented by A.'s set equal to 1 )  are typical examples of fixed parameters. 

Constrained parameters are parameters whose values are unknown but which are specified to 

be equal to other model parameters. For example, theory may suggest that two independent 

variables (� 1 and �2) have the same impact on a dependent variable (e.g., 113) which could be 

incorporated in the model by specifying -y31 = -y32 (elements of the r matrix). Note that with 

constrained parameters, it is only necessary to estimate one of them. Finally, free parameters 

are those which have unknown values and which need to be estimated by the programme. 

The basis for restricting parameters to be fixed or constrained or for allowing them to be free 

depends on prior theoretical knowledge, logical criteria, empirical evidence, or methodological 

design considerations (Bagozzi, 1 980). 
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Table 1. Summary of variables, matrices, and terms used in the analysis of covariance structures 

I.  

11 .  

Ill. 

Observed variables 

Unobserved 
variables 

Coefficient 
Matrices 

Symbol 

y 

X 

11 (eta) 

� (ksi) 

r (zeta) 

E (epsilon) 

o (delta) 

B (beta) 

r (gamma) 

Ay (lambda y) 

A.. (lambda x) 

� (phi) 

v (psi) 

e. (theta 
epsilon) 

e.� (theta 
delta) 

Defmition 

observed endogenous variable/ indicators of 
unobserved endogenous variable 

observed exogenous variable/ indicators of 
unobserved exogenous variable 

unobserved endogenous variable 

unobserved exogenous variable 

disturbances in structural equation 

errors of measurement of endogenous variable 

errors of measurement of exogenous variable 

coefficient matrix of the relationships among the 
unobserved endogenous variables with elements 
{:J representing causal parameters among 
endogenous dimensions 

coefficient matrix of causal effects of the 
unobserved exogenous variables on the 
unobserved endogenous variables with elements 
'Y representing causal parameters from 
exogenous to endogenous dimensions 

factor matrix of y on 11 with elements denoted }..Y 
factor matrix of x on � with elements denoted xx 
variance-covariance matrix of unobserved 
exogenous variables with elements denoted cP 
variance-covariance matrix of structural 
disturbances with elements denoted 1/t; diagonal 
elements are the amount of error variance in the 
endogenous dimensions 

variance-covariance matrix of errors of 
measurement of observed endogenous variables 
with elements denoted 8,; diagonal elements are 
the error variances of the y indicators 

variance-covariance matrix of errors of 
measurement of observed exogenous variables 
with elements denoted e.�; diagonal elements are 
error variances of the x indicators 

Note: Lower case Greek letters indicate the parameters of the model and denote that the system is specified in equation form. Upper case 
Greek letters denote the corresponding specification of the equations in matrix algebra format The general model is usually discussed in 
the literature in terms of its matrix format. 

Table 1 presents a summary of the variables and matrices used in SEM. As was seen m 

section 7 . 1 . 1 . 1 ,  any causal model can be described in matrix equation form. A causal model 
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can also be expressed graphically. To illustrate, a graphic representation (using standard 

Greek notation) of a simple model is presented in Figure 8. The labelled large circles 

represent the latent ( unmeasured) factors and the rectangles represent observed (or measured) 

variables. The symbols used to represent latent constructs (�. 71), factor loadings (A), 
measurement error (0, E), path coefficients ('y, {J), and structural disturbances (n reflect the 

standard notation used in the LISREL literature. The single headed arrows from the large 

circle to the rectangles indicate that the observed variables are theorized to be generated by 

the latent construct. The variables ( O, E, !} beside the detached arrows represent the 

disturbance terms. The o, e, error variables specify the cumulative effects of exCluded 

variables and purely random measurement errors on the observed x and y variables, 

respectively. The variances of the measurement error variables ( E, o) represent the unique 

portion of residual variance (uniqueness) that is not accounted for by the common factor. The 

variance of the disturbance term, r. represents unexplained variance in the prediction of the 

endogenous constructs by the conceptual level variables. The obtained parameter values of 

the measurement model can be interpreted as factor loadings, and the path coefficients of the 

structural model. as being analogous to the regression weights known from simple path 

analysis. 

Figure 8. Schematic representation of the general LISREL modeL 
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While the model in Figure 8 is clearly very simple, the general principles of formulating more 

complex models follow a similar logic. More specifically, a theoretical model is expressed 

as a path diagram of relationships between variables of interest, and this path diagram is 

represented by a system of simultaneous linear equations. 

7.1.4 Model identification 

Once the model is specified, it is important to determine whether it is possible to obtain 

unique solutions for the estimated parameters, an issue termed identification. The 

identification status of any covariance structure model is determined by the correspondence 

between the amount of information provided by the empirical data (e.g., variances and 

covariances of the observable variables) and the total number of model parameters that need 

to be estimated. Problems with identification are often the result of a problem in the theory 

or the data. 

A unique solution for all parameters exists, if a model is identified. In fact, alternative 

solutions for parameter estimates exist in overidentified models but for a given fitting 

procedure these will converge to a unique set of parameter values. When a unique solution 

for a set of parameters does not exist, they are said to be not identified or underidentified and 

the model is indeterminate. In such cases the model fitting procedure may not produce a 

solution or may converge to an improper solution. A system of equations can only be solved 

if the number of equations is at least equal to the number of unknowns. Hence, to obtain a 

unique solution of the parameters in a structural equation model, it is necessary to have at 

least as many unique (i.e., linearly independent) equations relating the variances-covariances 

of the observed variables to the model parameters as there are parameters. Consequently, "a 

necessary condition for identification is that the number of independent parameters being 

estimated is less than or equal to the number of non-redundant elements of S, the sample 

matrix of covariances among the observed variables" (Long, 1 983b, p. 66). Hence, if t 

parameters are to be estimated, the minimum condition for identification is: t :S s where s = 
lh(p+q) (p+q+1 ), p = number of y variables, and q = number of x variables. If t > s, the 

model is underidentified, resulting in an infinite number of values of the parameters that 

would satisfy the equations (i.e., there are more unknowns than equations). 

An exactly identified model (where t = s) is one that produces only one estimate for each 

parameter because there are as many equations as there are unknowns. In other words, the 

number of parameters to be estimated is equivalent to the number of observed variances and 
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covanances. Although such a model can be estimated (i.e., parameters have a unique 

solution), it is not amenable to falsification through goodness-of-fit methods since there is no 

information left that can be used to test the model (i.e., there are zero degrees of freedom). 

A desirable feature for models is that they be overidentified (t < s), where it is possible to 

obtain several estimates of the same parameter, since there are more equations than unknowns. 

This means that the number of observed variances and covariances is larger than the number 

of parameters to be estimated. It should be emphasized that it is not always the case that 

models in which there are more observed variances and covariances than model parameters 

to be estimated will be fully identified. In other words, the condition t ::; s is necessary for 

identification of a LISREL model, but is not a sufficient condition. 

Therefore, it is imperative to conduct further tests to establish that a given model is identified. 

One way would be to establish identification through algebraic manipulations of the model's 

variance-covariance equations, so that each of the model parameters may be solved in terms 

of the variances and covariances of the observed variables. Solving these algebraic equations 

by hand may prove to be difficult, particularly if the model is complex. This is because the 

number of parameters to be estimated is often too large for manual checks and the possibility 

of making errors may arise. Fortunately, empirical tests of model identification are now 

routinely included in most computer packages used for conducting SEM, thus making it 

possible to examine the identification status of the model during estimation. The LISREL 

programme has a number of diagnostics that provide warnings about identification problems. 

For example, if any of the parameter matrices in Table 1 cannot be inverted (i.e., are not 

positive-definite) an appropriate message is printed and the same happens if a particular 

parameter is found to be underidentified. Other indications of identification problems may 

be obtained from the LISREL output. These include: (a) large standard errors for the 

estimated parameter, (b) negative error variances, (c) standardized coefficients exceeding 1 .0, 

and/or (d) correlations between coefficient estimates exceeding about ± .9. 

7.1.5 Parameter estimation 

Estimation involves fmding values for the eight parameter or coefficient matrices in Table 1 '  

(i.e., Ax_, Ay, r, B, 4?, 'V, SE, and 8�) that are consistent with the constraints imposed on the 

model (fixed, free, and constrained parameters) and "generate an estimated covariance matrix 

� that is close as possible to the sample covariance matrix S" (Long, 1983b, p. 44). A 

function that measures how closely I; is to S is known as a fitting function and designated as 
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F (S; E). Different estimation procedures have different fitting functions and the LISREL 8 

programme offers a variety of estimation procedures, three of which are commonly used: 

unweighted least squares (ULS), generalized least squares (GLS), and maximum likelihood 

(ML). The following discussion is confined to the maximum likelihood (ML) approach as 

it is the most widely used estimation method in SEM and LISREL modelling (Huba & 
Harlow, 1987). 

ML is an iterative procedure whereby final parameter estimates are obtained through 

numerical algorithms which successively improve initial estimates (starting values); the latter 

supplied by the user or automatically estimated by the LISREL programme. The values of 

the parameters are estimated by maximising the likelihood of observing a given matrix E 
conditional on a set of parameter values and the assumption of multivariate normality. 

Although parameter estimates based on the maximum likelihood approach are usually robust 

to violation of the multivariate normality assumption, this violation may influence the standard 

error estimates and model fit (Joreskog & Sorbom, 1 989) . 

7. 1.6 Model evaluation 

One of the most significant aspects of the estimation of any model is an assessment of the 

quality of fit of the model to the observed data. The mere fact that a model fits the data does 

not imply that the model is indeed the "correct" or "best" causal model (Joreskog & Sorbom, 

1 993, p. 1 14). It is always possible to propose various models which will fit a particular set 

of data. 

A confirmatory (or theory testing) approach is usually taken by researchers to evaluate 

structural equation models. Such an approach entails testing the model via some goodness-of

fit measures to confirm that the proposed model accounts for the observed data. Assessment 

of fit is determined by examining the extent to which the parameters of a given model 

reproduce the observed variance-covariance matrix of the observed measures. If the fit is 

satisfactory, the model is accepted; if the fit is unsatisfactory, the model is rejected. Such an 

approach may be misleading since it does not consider how effective alternative models are 

in explaining the same data (e.g., Sternthal, Tybout, & Calder, 1 987). This problem has been 

recognized by a number of users of structural equation modelling (Bentler, 1 990; Cliff, 1 983; 

Joreskog, 1 993; Yi & Nassen, 1992). 
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It must be noted that rarely is the investigator's causal theory so precise that he or she can 

specify the exact structure of the causal model. Horwood ( 1 987) suggests that the process of 

model construction should be inspected within the context of a hypothesis or theory testing 

framework. Hence, it may be appropriate for the investigator to specify a number of 

competing representations, to compare the adequacy of these models in explaining the 

observed data, and to be able to distinguish ways to respecify models to overcome their 

imperfections. This means that the evaluation of a model may require two quite distinct 

processes. First, it will be necessary to assess the goodness-of-fit of the model. Second, it 

may be necessary to compare a number of competing models with the proposed model so as 

to find a model among a set of alternatives which provides the best approximation to the 

observed data. 

7.1 .6.1 Goodness-of-fit indices 

There are a variety of indices of fit which can be obtained for a given model. These indices 

may be used to determine the adequacy of fit of a single model or to compare the relative fit 

of a number of alternative competing models of the data. In general, no single index has been 

endorsed the "best index" by the majority of researchers (Gerbing & Anderson, 1 993), so 

adequacy of fit is usually assessed on the basis of observation of several indices together. A 

variety of different goodness-of-fit indices have been proposed in the literature (see Bollen, 

1 989; Browne & Cudeck, 1 993), and a brief summary of the more commonly used indices 

will be given below. It may be useful to classify the information for model evaluation and 

assessment of fit into two groups: measures of overall fit and detailed assessment of fit. 

(i) Measures of overall fit 

1. Chi-square index 

The LISREL programme estimates values for the nonzero parameters specified in the model; 

the maximum likelihood criterion is used to yield parameter estimates that provide the best 

fit to the observed covariances among measured variables. Even the best-fitting solution of 

the parameters specified in a model can amount to a poor fit with the observed data. In that 

event the hypothesized model is rejected as an inaccurate description of the true relations in 

the population that gave rise to the data. Statistically, the decision regarding the general 

goodness-of-fit of the model is made on the basis of the log likelihood chi-square statistic, 
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which is analogous to the conventional chi-square statistic. The chi-square statistic provides 

a direct test of the hypothesis that the model fits perfectly in the population, not a test of a 

competing null hypothesis. That is, the null hypothesis initially tested is that a sample 

covariance matrix is obtained from a population that has the proposed causal structure. Thus, 

the significance test works paradoxically here: If a chi-square is large in relation to its degrees 

of freedom (i.e., statistically significant), then the model is rejected. If chi-square is 

statistically nonsignificant, then the model may be retained as a plausible description of the 

relations that exist in the population. The degrees for freedom for chi-square are { 'li  [(p + 

q) (p + q + 1 )] - t} where (p + q) is the number of observed variables analyzed and t is the 

total number of independent parameters estimated. 

Joreskog and Sorbom ( 1993) have suggested that the chi-square statistic should be regarded 

as a "badness of fit measure" in the sense that large chi-square values correspond to bad fit 

and small chi-square values to good fit. For the chi-square test to be valid, it is assumed that 

the sample size is sufficiently large. Boomsa (1 987) recommended that a sample size of at 

least 200 be used in confirmatory factor analytic studies. The p value reported by the 

programme is the probability level of chi-square �), that is, the probability of obtaining a 

chi-square value larger than the value actually obtained, given that the model is correct. 

The conventional probability level for the chi-square test in covariance structure analysis 

appears to have been set at � .05. This value refers to the probability of obtaining an equal 

or worse fit (as measured by chi-square) than what was actually obtained, given that the null 

hypothesis is true. Obviously, in probability terms, this does not constitute strong 

confirmation of the research hypothesis. Since accepting the null hypothesis amounts to 

accepting one's theory, it has been suggested that levels of . 1  or .2 be exceeded before 

nonsignificance is confirmed (Fomell, 1 983;  Hayduk, 1987). The conservative criterion of 

.2 was adopted in the present investigation, considering its modest sample size. 

The chi-square index has been criticised on several grounds (see Fomell & Larcker, 1 98 1 ). 

For instance, the chi-square statistic computed via LISREL is very sensitive to departures 

from multivariate normality of the observed variables and increases as a direct function of 

sample size. Therefore, given departures from multivariate normality qr large sample sizes, 

a proposed causal model can easily not statistically fit the data even though the discrepancy 

between the sample covariance matrix and that reproduced by the parameter estimates of the 
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causal model may be insignificant from a practical point of view. Hence, it is considered 

important to supplement the chi-square index with other measures of goodness-of-fit. 

2. Goodness-of-fit index (GFJ) 

This is a measure of the relative amount of observed variances and covariances accounted for 

by the model. In other words, it assesses how well the covariances predicted from the 

parameter estimates reproduce the sample covariances. A value in excess of .90 is generally 

thought to be indicative of a reasonable fit to the data and indicates that the model accounts 

for most of the joint variances and covariances among observed variables in the model. 

3. Normed fit index (NFI) 

Bentler and Bonett's ( 1 980) normed fit index (NFI) assesses fit by the degree to which the 

model accounts for the sample covariances relative to a more restricted nested model -

usually the null model in which all indicators are specified as uncorrelated. This index ranges 

from 0 (a fit that is no better than the null model) to 1 (perfect fit). 

4. Parsimonious normed fit index (PNFI) 

Mulaik et al. ( 1 989) argued that goodness-of-fit alone is insufficient to determine the 

adequacy of a model because it capitalizes on the number of parameters freed for estimation. 

As a result, a model may fit a set of data quite well but not be parsimonious. Hence, a 

parsimonious normed fit index (PNFI) was developed by Mulaik et al., to gauge model 

parsimony. The PNFI takes into account the ratio of degrees of freedom to the NFI. This 

leads to a significant reduction (of about half) in PNFI values to NFI values so that a high 

NFI is associated with a moderate PNFI. The PNFI value is used as a standard comparison 

of a series of models, whereas NFI and GFI indices are more model specific (see Mulaik et 

al., 1 989, for a review). Higher values of PNFI are better, and its principal use is for the 

comparison of models with differing degrees of freedom. It is used to compare alternative 

models, and there are no recommended levels of acceptable fit (Hair, Anderson, Tatham, & 

Black, 1 992). However, when comparing between models, differences of .06 to .09 are 

proposed to be indicative of substantial model differences (Williams & Hazer, 1 986). 

5. Root mean square residual (RMR) 

Another measure that has been used frequently in the research literature is the root mean 

square residual (RMR). It is a measure of the average magnitude of the residual correlations, 

that is, an index of the extent to which the "fitted" matrix fails to reproduce the original 
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correlation matrix and thus does not fully account for the observed data When a covariance 

matrix is analyzed, RMR is not readily interpretable, because its magnitude is affected by the 

units of the measures of the indicators. Under such circumstances, the standardized RMR can 

be used (as was done in the present study) which is provided by LISREL 8 as part of its 

goodness-of-fit output. Models with a standardized RMR value of less than . 1  can be 

considered to be of good fit. 

(ii) Detailed measures of fit 

In addition to overall measures of fit, much detailed information about fit can also be used 

to further evaluate the model. While the measures of fit described above give some indication 

of the overall quality of the fit of a model to the data, they give no indication as to how a 

model may be respecified to improve fit. The detailed measures of fit provide information 

by which specification errors or possible sources of lack of fit may be detected in the model. 

1. Standardized residua/s 

One detailed measure of fit is the distribution of standardized residuals, which is output in the 

form of a graphic quantile - quantile (Q-Q) plot, thereby providing a visual representation of 

overall model fit. Standardized residuals are estimates of the number of standard deviations 

the observed residuals are away from the zero residuals that would exist if the model were 

a perfectly fitting one (Hayduk, 1 987). Values greater than 2.58 for any element usually 

provide a clue as to possible model misspecifications (Joreskog & Sorbom, 1 989). Overall, 

for a well fitting model, if the errors are random, 95% of the residuals would fall within 2 

standard deviations of zero (Hayduk, 1 987). Residuals that follow the dotted line rising at 

a 45-degree angle in the Q-Q plot are indicative of a well fitting model, with steeper slopes 

representing better fits. Those that deviate widely from the 45-degree line in a nonlinear 

fashion indicate that the model is in some way misspecified. 

2. Modification index 

An insight into which parameters to add to the model can be gained by looking at the 

modification indices. Modification indices are computed for each fixed or constrained 

parameter in the model (i.e., a value set at zero implying the absence ofthat parameter in the 

model or parameters constrained to be equal). The value of the index indicates the minimum 

reduction in the chi-square statistic that could be obtained if a parameter was freed for 

estimation, the equivalent of adding a path to the model. A modification index of about 9.0 
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or more would be considered worthy of attention (Fassinger, 1 987), although most researchers 

use a value of 5.0 as recommended by Joreskog and Sorbom ( 1989). It is important that 

theoretical considerations guide the relaxation of a parameter because "even if the model 

initially suggested by substantive theory is rejected, there are generally some parameters that 

are definitely required on the basis of past research, and some parameters that make no sense 

to include" (Long, 1983b, pp. 76-77). An excellent discussion on model modification is 

contained in Bollen (1 989). 

3. Co"elation of parameter estimates 

The correlation of parameter estimates provides another measure of detailed goodness-of-fit. 

Correlations between coefficient estimates exceeding about ± . 9 may signify identification 

problems or collinearity problems (Hayduk, 1987). 

4. Squared multiple co"elation 

Although the squared multiple correlation provided for each equation m the model is 

considered by some as a detailed measure of fit (Byme, 1 989a), L. J. Horwood (personal 

communication, March 27, 1 995) considers it to be a measure of explanatory power which 

does not necessarily have anything to do with fit. For instance, it is possible to have a large 

R2 but a chi-square that indicates an unacceptable level of fit (Long, 1 983b). Nonetheless, 

this measure can provide an assessment of the acceptability of the model as an adequate 

theoretical representation. In other words, this measure helps establish whether the 

relationships in the model are poorly determined. 

For the measured variables, the squared multiple correlation is an indication of the proportion 

of variance accounted for by the latent variable and shows the extent to which the individual 

measured variables are free from measurement error. Therefore, R2 provides an indication 

of the reliability of each observed measure with respect to its underlying latent construct; 

values close to 1 .00 represent good construct validity/reliability. The coefficient of 

determination for the x and y variables indicates how well the observed variables as a group 

serve as measures for the latent exogenous and endogenous variables, respectively. For the 

latent variables in the structural model, the squared multiple correlation is an indication of the 

amount of variance in each endogenous latent variable accounted for by the independent latent 

variables in the model. The coefficient of determination shows the overall strength of the 

structural relationships taken together. 
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5. Parameter values and standard errors 

The quality of the model may also be assessed by looking at the parameter values and the 

standard errors. The parameter values can be examined for unreasonable values. For 

instance, negative variances of parameters or correlations greater than 1 .0 in magnitude 

suggest misspecification errors. Another indication of poor quality of the model is indicated 

by standard errors which have abnormally large values. This may be an indication that the 

model is not identified. 

To conclude, it is important to note that there is no single measure which provides a definitive 

answer to the problem of assessing model fit. Often, it may therefore be better to base the 

assessment of model fit on the use of a number of alternative indices and measures of fit. 

7.1.6.2 Comparison of nested models 

The previous section has focused on examining the fit of a single specified model. This 

section considers the alternative models situation, in which the researcher wishes to compare 

the fit of a number of competing models for the same data set. The models can range from 

ones with extremely different structures to those containing minor differences in one or two 

parameters. 

Researchers agree on the importance of nested model comparisons in structural equation 

modelling (e.g., Bender, 1980). A model presented with no consideration of competing 

models is difficult to evaluate. In building a series of nested models, one can use 

incremental-difference statistical tests to evaluate the model. This type of test evaluates the 

contribution of additional elements over the simpler model and forces the inclusion of the 

principle of parsimony in the model evaluation process. 

Consider the case when the models are nested so that they can be ordered in some sort of 

hierarchy of complexity by increasing the number of parameters (decreasing degrees of 

freedom). Let M1, M2, • • • •  , M�c, be a sequence of nested models and let d1, d2, • • • •  , d�c 

represent the degrees of freedom for each model respectively. M1 is the most parsimonious 

model, that is, the one with fewest parameters (most degrees of freedom). M�c is the most 

complex model, that is, the one with most parameters (fewest degrees of freedom). If the 

models are nested, each model is a special case of the preceding model; that is, � is obtained 

from Mi-t by putting restrictions on the parameters of �1 • 



1 16 

It is asswned that model M1 has been tested by a valid chi-square test and found to fit the 

data well and to be interpretable in a meaningful way. The nested models can be tested 

sequentially by testing M2 against M1, M3 against M2, and so on. Chi-square difference tests 

are commonly used for comparing the fit of nested models. The difference between the two 

chi-squares is also distributed as a x? with degrees of freedom equal to the difference between 

the degrees of freedom for the two models. The only requirement is that the number of 

constructs and indicators remain the same, such that the null model is the same for both 

models; that is, they are nested models. The effect of adding or deleting one or more causal 

relationships can also be tested in this manner by making comparisons between models with 

and without the relationships. 

Consider estimating two arbitrary models, M1 and �. from the above sequence, one which 

is nested within the other in that it can be created from the other model by freeing additional 

paths to be estimated. The difference between the chi-square goodness-of-fit statistics for the 

two models can be interpreted as a chi-square test of the improvement in fit of the more 

complex model Me over the simpler model M1, with a significant chi-square difference 

indicating a substantial improvement. When the difference in goodness-of-fit between two 

models is found to be nonsignificant, the model that provides the more parsimonious solution 

is accepted. 

One limitation of the chi-square difference statistic is that it is still subject to the same 

liabilities of interpretation as the general chi-square goodness-of-fit statistic. Hence, it is 

customary to adopt a relatively free interpretation of this statistic: if the chi-square difference 

is large relative to the difference in degrees of freedom between the two models, then the 

changes can be said to represent a real improvement. On the other hand, if the improvement 

is small relative to degrees of freedom then it is likely that the improvement in fit has been 

gained by capitalising on chance variation in the data. 

Another approach is to compare the models on the basis of some criteria that take parsimony 

as well as fit into account. This is especially useful for non-nested models. In this case the 

chi-square difference test is no longer appropriate and the researcher must rely on the 

parsimonious normed fit index described earlier. Chi-square comparisons of nested models 

can also be supplemented by other indices of fit which are independent of sample size, such 

as the NFI described previously. 
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The LISREL methodology has been frequently described and applied in the single sample 

situation as described above. In this section it will be demonstrated how the general LISREL 

model can be extended to an analysis across samples, which is otherwise known as 

multisa.mple analysis. In this circumstance, the question "Does the same causal model apply 

to two or more groups or samples?" can be asked. For example, in the present study the 

question "Is the model of reading comprehension similar for reading disabled and normal 

achieving readers?" can be asked. Such model comparisons across populations are not 

prevalent in the educational and psychological literature. 

In the general LISREL model discussed earlier, the elements of .E can be constructed from 

the eight matrices, Ax, Ay, r, B, 4>, v, ef, and 96. As for the single sample situation, a 

population variance-covariance matrix E can be constructed from the eight matrices, Ax[gJ, 
Ay[gl, r[gl, B!J:I, q,lsl, y[gl, ef[gJ, and 96[gJ, for the multisample situation, where 'g' denotes 

group. Elements of these eight matrices may consist of fixed, constrained, and free 

parameters, as in the single-sample case. 

Usually in multisample analyses, equality constraints (e.g., equality constraints for factor 

loadings) are placed between the samples. For example, it is possible to test whether 

differences exist between elements of these matrices for one group compared to another. One 

may be interested whether Ayltl = Ay[2J = . . . .  = Ayfkl or Bltl = B[2] = . . . .  = Bfkl, where the 

superscript represents a distinct matrix for each group or sample, with k equal to the number 

of groups. The researcher may impose various restrictions on the similarity of the parameters 

across groups. For example, in the most restrictive situation one might require that all 

elements in each of these matrices be equal across groups. Less restrictive would be the 

requirement that selected elements in these matrices be equal for all groups while other 

elements are free to vary from one group to another. The least restrictive model would allow 

all the parameters to vary across the samples. In such a situation, · each sample can be 

analyzed separately. The procedure also allows for some causal paths to be fixed at zero in 

one sample, while in the other sample the path is estimated. One assumption of the 

multisample analysis is that the samples are independently drawn from their respective 

populations and the subgroups are mutually exclusive. 

The measurement and structural equations for each group can be expressed as follows: 
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x[g1 = �[g) �[g) + olgJ 
y[gJ = Ay[gJ '7!gJ + e[gl 
'7!gJ = B[gl '7[gJ + rlgJ �[gJ + rgJ 

where g = 1 ,  2, . . . . , k with k equal to the number of groups. · 

Identification and estimation of the parameters are essentially similar to the single-sample 

case, except they are at a more complex level. A chi-square test is still available to test the 

adequacy of the model to fit the data (i.e., to fit the two or more observed variance-covariance 

matrices). A chi-square test is calculated as before with degrees of freedom equal to { �  k 

[ (p + q) (p + q + 1 )] - t} where t is the total number of estimated coefficients, (p + q) is the 

total number of observed indicators (p endogenous, q exogenous), and k is the number of 

groups. 

The parameter estimates are neither averages across the groups nor based upon separate 

calculations for each group. Rather, the estimation procedure simultaneously calculates values 

for the elements that minimize the fitting function. In other words, the estimation procedure 

calculates the elements of the matrices, �. Ay. r, B, cl>, i', eE, and e�. that will make the 

estimated �·s (i.e., k1 , k2, • • • •  , k� as nearly as identical to their respective observed S's (i.e., 

S\ S2, . . . . , S� as they can possibly be, given the fixed, constrained, and free elements of the 

model as specified by the researcher. 

7.3 Justification for LISREL-type models 

The above highly abstract account of LISREL does not provide obvious reasons why one 

would choose to analyze data using the LISREL approach in preference to less complex 

means of data analysis. There are three major justifications that may be proposed for 

choosing a LISREL approach. 

First, the majority of social science observations contain substantial errors of measurement, 

arising mainly from imperfections in the measurement instruments (Horwood, 1987). The 

effects of measurement error and the repercussions of failure to account for such errors are 

widely recognised and documented (e.g., Aigner & Goldberger, 1977; Blalock, 1 985). In 

particular, these measurement errors, if ignored, can seriously bias the estimated parameters 
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of the structural model. Thus, an important and realistic assumption underlying the 

hypothesized models in this dissertation is that each of the measures is likely to be measured 

with error. Parkes (1 987) suggested that psychometric scales are likely to contain sources of 

error variance which would attenuate the correlations among the latent constructs. These 

sources of error variation are likely to arise from both random errors of measurement and the 

presence of method, response, or situation specific variance in the scores. In psychometric 

scales, the self-report scale scores and behavioural (interview) scores obtained on 

psychological measures such as those used in the present study are seen as the sum of two 

components. The first component represents the individual's  true score on the characteristic 

of interest, and the second component is due to measurement error. True scores reflect real 

characteristics of the individual but they cannot be directly assessed, since observed scores are 

always to some extent contaminated by measurement error. Furthermore, because 

measurement error has an attenuating effect on measures of association, the magnitudes of the 

correlations among true scores tend to be underestimated by observed score correlations (cf. 

Huba & Bender, 1 982; Huba, Wingard, & Bentler, 198 1 ;  Stacy, Widaman, Hays, & DiMatteo, 

1 985). LISREL overcomes these problems of unreliability in self-report measures. 

A second justification concerns the distinction between observed and non-observed or latent 

variables. Many of the variables the social scientist may wish to examine are not in fact 

directly observable or measurable; rather they are hypothetical constructs or latent variables 

which depict the dispositional characteristics of observations. The properties of the latent 

variable must be deduced on the basis of observations on fallible indicator variables 

purportedly representing the variables. These fallible indicator variables can be observed and 

may be assumed to measure some aspects of the underlying latent variable With varying 

degrees of accuracy. 

The distinction between observed and latent variables raises the important issue of establishing 

rules of correspondence between the latent variables and the observed variables which 

supposedly represent these variables. In this respect, LISREL makes a major contribution by 

drawing a clear distinction between what the researchers have observe4 (i.e., fallible indicator 

variables), and what they would like to observe (i.e., errorless measures of latent constructs). 

In addition, LISREL provides a technology to estimate the relation,ships between these 

variables subject to a given model specification. The distinction between observed and latent 

variables also has important implications for the estimation of the coefficients of a causal 

model. For the most part, social scientists have tended to resolve the distinction between 
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latent and observed variables by assuming that the structural relationships between the 

observed variables will in some way reflect those that exist between the latent variables which 

are represented by the observed variables. This premise has been proven to be suspect 

(Costner, 1 985). However, LISREL provides a subsidiary theory (i.e., the measurement 

model component) that links the observed variables to the latent variables they represent, thus 

enabling the estimation of the structural relationships between latent variables. 

The third justification is that model formulation can be made explicit. To impose a given 

causal interpretation on a set of data, the LISREL model requires the researcher to make 

explicit all of the assumptions that are required. In contrast, in most other data analytic 

procedures, these assumptions are often left implicit, opening the way for them to be ignored 

or overlooked. In turn, this lack of an explicit model can lead to faulty inferences. 

7.4 LISREL formulation of reading performance models 

While the above discussion has provided a basic introduction to the techniques and rationale 

for using methods of SEM, the purpose of this section is to demonstrate how the models 

developed in Chapter 6 (see section 6.2), can be represented as LISREL models. In the first 

part of this section, the models will be presented based on the assumption that there is only 

one group. Then the model will be elaborated to take account of correlated errors of 

measurement, and the two-group situation. This development is limited to a specification for 

Model I .  Since Models 2 through 4 represent simple extensions of this model to include 

additional observed and latent variables the LISREL specifications for these models are not 

presented here. However, detailed LISREL specifications for all four models as they are 

fmally reported in the Results (Chapter 9) can be found in Appendix G. 

7.4. 1 Specification of Model 1 for the single sample situation 

The structure of the relationships between intellectual ability, attributional style, self-efficacy, 

metacognitive knowledge, and reading performance is shown diagrammatically in Figure 9. 

, The model shows that there are four endogenous variables and one exogenous variable. Let 

� 1 denote the ability factor, 711 denote the attributional style factor, 712 denote the self-efficacy 

factor, 713 denote the metacognitive knowledge factor, and 714 denote the performance factor. 

Assume that self-efficacy, metacognitive knowledge, and reading performance have each been 
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measured using two indicators whilst attributional style has been measured by five indicators 

and intellectual ability by one indicator. Thus, there are a total of 12 (I exogenous and 1 1  

endogenous) measures or indicators to be analyzed. The measure of intellectual ability is 

based on the WISC-R (x1); measures of attributional style are based on controllability (y1), 

stability (y:J, intemality (y3) dimensions of success attributions, and stability (y4), 

controllability (y5) dimensions of failure attributions; measures of self-efficacy are based on 

general (y6) and task specific (y7) measures; measures of metacognitive knowledge are based 

on two questionnaires (y8, y9); and measures of reading performance are based on a 

standardized test (y10) and classroom performance (y1 1). Further, assume that all measures are 

measured as continuous variables. The relationships between the 12 measures are thus 

described by the matrix of variances and covariances between these measures. It is 

convenient to regard each variable as being measured as deviations from its mean so that 

mean values can be excluded in the equations. 

Figure 9. Hypothesized relationships between cognitive, metacognitive, and 

motivational variables in a single sample. 

As discussed earlier, an important and realistic assumption underlying Model 1 is that each 

of the measures is likely to be measured with error. One way of overcoming problems of 
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unreliability in self-report measures involves the use of multiple indicators. As is seen above 

and in Figure 9, multiple indicators are used for each latent construct except for ability. 

The variables and parameters of this model may be interpreted as follows: 

1 .  The factors 111 , 112, 713, 114, which represent attributional style, self-efficacy, metacognitive 

knowledge, and performance, respectively, are latent unobservable endogenous variables 

which are assumed to be measured without error and to have a mean of zero. Similarly, 

�,  the latent exogenous ability variable, is assumed to be measured without error and to 

have a mean of zero. 

2.  The terms rl. r2. r3. and r4 are disturbance terms which represent an aggregate of  all 

known and unknown influences on young adolescents' attributional style, efficacy, 

metacognitive knowledge, and reading performance, respectively, which are not measured 

in the model. ir is assumed to be diagonal. When B is triangular (as is the case in this 

model) and ir is diagonal, the model is said to be recursive. 

3a. Restricting elements of B and r to a value of zero indicates the absence of a causal 

relationship between the appropriate variables. Fixing the (i, j)th element of r to zero 

( 'Yii) implies that the latent exogenous variable �j does not have a causal effect on the 

latent endogenous variable 7li· Similarly, fixing the (i, j)th element of B to zero ({3ij) 

implies that the absence of a relationship between the latent endogenous variables 7li and 

11j· In the proposed model, a causal path is specified between the latent exogenous 

variable (� 1) and each of the latent endogenous variables (711 , 712, 713, 714) and these 

relationships are unidirectional (recursive). In the case of the relationships between the 

latent endogenous variables, the specification of {341 = 0 implies an absence of a causal 

path from the latent variable of attributional style to the latent variable of performance. 

As the model is recursive, B is triangular and if 7li affects 7lj ({3ji ;:C 0), 11j does not affect 

11i ({3ij = 0). The diagonal elements of B are assumed to equal zero, since an endogenous 

variable does not cause itself. 

3b. The parameter {321 is the regression coefficient that represents the association between the 

endogenous latent factors ofattributional style (711) and self-efficacy (112). The parameters 

{331 and '{332 are the regression coefficients that represent the association of the latent 

factor of metacognitive knowledge (113) with attributional style (111) and efficacy (712), 

respectively. The parameters {343, and {342 are the regression coefficients that represent 

the association of the latent factor of performance ( 114) with metacognitive knowledge ( 713) 
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and efficacy (172), respectively. The interpretation of these coefficients is dependent on 

the scale of measurement used. In particular, the interpretation of these coefficients will 

vary depending on whether the indicator variables are measured in raw score form or in 

standardized form. If the variables are measured in raw score form, then {32 1  units 

represents the change in 112 which would be associated with a unit change in 11 1 , all other 

variables being held constant. If the variables are expressed in standardized form, in 

which they are scaled to have a mean of zero and variance of one, {3ij represents the 

standard deviation change in 11i which would be associated with a one standard deviation 

change in 11j• all other variables being held constant. 

4. The parameters -y1 1 ,  -y2 1 ,  -y3 1, and -y41 are the regression coefficients that represent the 

association between the latent exogenous factor of ability (�1) and the endogenous factors 

of attributional style (11J), efficacy (11�, metacognitive knowledge (113), and performance 

(114), respectively. Interpretations of the coefficients as raw scores or standardized scores 

are similar to the {3 parameters. For example, in raw score form, -y21 indicates that a unit 

change in the exogenous variable � 1  results in a change in 112 of -y2 1  units, holding all 

other variables constant. In standardized form, a standard deviation change in �i results 

in a 'Yii standard deviation change in 11i• all other variables being held constant. 

Assessment of the relationships between ability, attributional style, self-efficacy, metacognitive 

knowledge, and reading performance amounts to: (a) developing models of the relationships 

between the 12  observed, fallible measures of x/1 y1 - Yu· and corresponding errorless latent 

variables representing the true (but non-observed) levels of ability, attributional style, self

efficacy, metacognitive knowledge, and reading performance, and (b) developing models of 

the relationships between the latent variables of ability, attributional style, self-efficacy, 

metacognitive knowledge, and reading performance. 

7.4.1.1 Measurement model 

The measurement model describing the relationships between the measures and the latent 

constructs can be expressed as a series of linear equations. The general form of these 

equations for the endogenous variables is: 

Yi = Aij 'lj + Ei 
where 11i G = 1 to 4) denotes the non-observed attributional style, efficacy, metacognitive 

knowledge, and performance factors; the coefficients :Aij describe the regressions of the 

psychometric measures Yi (i = 1 to 1 1 ) on the latent attributional style, efficacy, metacognitive 
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knowledge, and performance factors, 1'/j G = 1 to 4); and ei (i = 1 to 1 1 ) denotes random errors 

of measurement in the psychometric or self-report data. 

As there is one exogenous variable, the measurement model for the exogenous variable 

reduces to: 

xt = An �� +ot 

Since model specification in LISREL is done by means of parameter matrices, the 

measurement and structural equations must be transformed into matrix form. Note that the 

mathematical specification of Model 1 is directly derived from its path diagram. This is 

reflected in the subscripts of the various path coefficients which correspond to the locations 

of row/column positions of the coefficients in the matrices. The absence of a path is indicated 

by entering a zero in the corresponding matrix location, while for path coefficients fixed a 

priori to a given value (e.g., the A.'s used to fix the units of measurement of the latent 

variables), the given values are entered directly in the relevant matrices (e.g. , the 1 's in the 

Ay and � matrices). 

In LISREL notation the above measurement model may be expressed in matrix notation as 

follows: 

y = Ay 

Yt 1 0 

Yz A21 0 

YJ A.3 t 0 

Y4 A41  0 

Ys Ast  0 

Y6 = 0 A.62 
Y1 0 1 

Ys 0 0 

Y9 0 0 

Yto 0 0 

Yt t 0 0 

X = 

[xt] 

where A.1 1 = 1 .  

0 0 
0 0 

0 0 

0 0 
0 0 
0 0 

0 0 

1 0 

�3 0 
0 1 
0 Au,4 

+ 

+ 

TJ 

0 

12J 

+ e 

[��] 
+ 

Et 
e2 
eJ 
e4 
Es 
e6 
e7 
fg 
e9 
fto 
Eu 
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7.4.1.2 Structural equation model 

The structural relationships between the latent factors of ability, attributional style, self-
' 

efficacy, metacognitive knowledge, and reading performance implied by Figure 9 are given 

by the following equations: 

7Jt = 'YII� I + St 
1J2 = 'Y21� 1  + f32t7Jt + s2 
7J3 = 'Y3t � t  + f33t7Jt + f3327J2 + s3 
7J4 = 'Y4t� t  + {3421J2 + f3437J3 + s4 

In LISREL notation these equations may be written in matrix form as follows: 

1] = r 

[� '] ["] 7J2 = 'Y2t 
7J3 'YJt 
1J4 'Y 41 

� + 

[Jt] 
+ 

B 

f· 
0 0 
0 0 

{331 {332 0 
0 {342 {3,.3 

Since there is only a single exogenous variable, 

� = [<i>u] 

1] 

�] [��] 
where t/>1 1  represents the variance of the exogenous variable � 1 . 

7.4.1.3 Disturbance assumptions 

+ r 

+ llil 

e E' the matrix representing the variances and covariances of the measurement errors ei, is 

given by: 

1 1  
0 On 
0 0 033 
0 0 0 044 
0 0 0 0 055 

eE = 0 0 0 0 0 066 
0 0 0 0 0 0 On 
0 0 0 0 0 0 0 Oss 
0 0 0 0 0 0 0 0 099 
0 0 0 0 0 0 0 0 0 010,10 
0 0 0 0 0 0 0 0 0 0 01 1, 1 1  
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96, the matrix representing the variances and covariances of the measurement errors oi, is 

given by: 

9.s = []Ju] 
where el l is set to a prespecified value. 

The variance-covariance matrix of the structural disturbances is given by: 

= [f 1/ln 
0 
0 

1/;33 
0 

As 9(, 96, and v are variance-covariance matrices, they are symmetric and therefore the 

elements in the upper diagonal, which are identical to those in the lower diagonal, are 

redundant. By convention, only the elements in the lower diagonal are shown. 

7.4.1 .4 Model assumptions 

There are nine assumptions underlying this model: 

I .  The exogenous X; and endogenous Y; indicator variables are scaled to have a mean of 

zero. 

2. All relationships implied by the model are linear. 

3 .  As the latent factors are not directly observable, it is necessary to establish a scale of 

measurement for these factors. Hence, the scale of measurement of the latent 

endogenous factors (17) is set by fixing the elements A1 1 , A72, A83, and A.10•4 of the Ay 
matrix to a pre-specified value. In addition, the measurement scale of the latent 

exogenous factor is set by fixing the parameter A1 1  of the Ax, matrix. By convention, this 

value is 1 .0, indicating that the latent variables are scored in the same units as the 

observed indicators. 

4. With only a single measure (indicator) of the latent construct of "ability", it was 

necessary to make assumptions about the values of the measurement parameters. Ability 

is assumed to be a fallible measure, and hence a perfect reliability of this measure cannot 
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be accepted. However, the LISREL programme cannot compute the residual of a single 

indicator (as it does when two or more variables are specified to load on an underlying 

construct). Consequently, the variance {01 1) of the measurement error, o1 1 ,  is fixed to a 

specified value. This value is calculated by using the following formula: (1 - reliability 

of indicator) x variance of indicator. In fixing this variance, one is fixing the portion of 

variance in an indicator that is thought to arise from sources other than the construct the 

indicator is supposed to indicate. 

5.  The variance-covariance matrix 9 E of the measurement errors of the endogenous variables 

ei is diagonal, indicating that the measurement errors are uncorrelated with each other. 

The error variances in the diagonal indicate that these variances are "free parameters" to 

be estimated by the programme. Fixing an error variance at a nonzero value implies that 

entities other than the underlying concept can influence the indicator and hence 

acknowledges some unreliability in the measurement of the latent factor. 

6. The measurement error terms ei  are uncorrelated with the latent endogenous (17 1, 712, 173, 

174) and exogenous factors (� .). 

7. The measurement error terms oi are uncorrelated with the latent endogenous (711, 712, 173, 

174) and exogenous factors (� 1). 

8.  The model assumes that the structural disturbance terms 51 , 52, 53, and 54, are 

uncorrelated to exogenous and endogenous latent factors and to the measurement error 

terms Ei and Oi. 

9. The model assumes that the disturbance terms 51, 52, 53, and 54, are mutually uncorrelated 

with each other. This means that the variance-covariance matrix V of the structural 

disturbances is diagonal, indicating that the errors in equations are uncorrelated across 

each other. 

The interpretation of the above model parameters is clearest in the case in which the model 

is completely standardized so that all observed and latent variables have a mean of zero and 

a variance of one. Under this assumption, the following statements can be made: 

I .  The factor loadings A;i represent the correlations between the observed self-report scores, 

Yi, and the latent endogenous (17i) or exogenous (�i) factors. The squares of the factor 

loadings represent the amount of variance in the psychometric data that is common with 



128 

the latent construct and can be used as measures of the reliability/validity of Yi as an 

indicator of '7j• or the reliability/validity of xi as an indicator of �.  

2.  The error variances Oii represent the proportion of variance in Yi that is not explained by 

the latent factor. This unexplained variance is likely to arise from two sources of 

unreliability and invalidity in the psychometric data. First, there may be random errors 

of measurement which reflect test unreliability. These errors are uncorrelated with each 

other and with the latent factors in the model. Second, there may be systematic errors 

of measurement which reflect test invalidity. These errors may be correlated with each 

other or with the latent exogenous factor but are not correlated with the latent 

endogenous factors. 

3 .  The covariances i'jk represent the associations of the disturbance terms of  the latent 

constructs 7lj• 71k· Since the total variance in each 71 is 1 .0, the 1/;ii variance corresponding 

to each 71 gives the proportion of error variance in the prediction of that 71· Equivalently, 

1 - 1/;ii gives the proportion of variance in the 71 explained by the whole model. 

7.4.1 .5 Identification of model 

The model of the relationships between the 1 2  observed variables can be shown to be 

overidentified. This can be seen from the fact that there are 78 observed variances- . 

covariances and 32 model parameters to be estimated, leaving a model with 46 degrees of 

freedom. The 32 model parameters to be estimated include: (a) 7 coefficients A.Y, (b) 4 

coefficients 'Yi• (c) 5 coefficients {3i, (d) 1 coefficient c/>, (e) 1 1  variances of the error terms ei, 
and (f) 4 variances of the disturbances ti· Evidence also comes from the literature that this 

type of model is identified. The measurement component of this model is of the form of a 

simple confirmatory factor model; in the absence of correlated errors, such models have been 

shown to be identified by Long ( 1 983a). The structural model component is in the form of 

a recursive path model and such models are known to be identified (Duncan, 1 975). 

7 .4.2 Method effects in self-report data 

The model proposed in Figure 9 provides a basic account of the relationships between 

motivational, cognitive, and metacognitive factors. However, it is necessary to elaborate this 

model further, as one of the key assumptions listed previously, that the disturbance terms, ei, 
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are uncorrelated with each other, is likely to be unrealistic. This is because it is probable that 

common response tendencies influence the observed measures in a similar way within groups. 
\ 

Psychometric data obtained from self-report questionnaires are usually prone to systematic 

distortion by generalized response biases (Parkes, 1987). These response biases include: the 

tendency to agree with items regardless of content, the tendency to respond consistently at 

either end of the scale rather than in the centre, and the tendency to respond in a socially 

desirable manner. There is also evidence to suggest that errors of measurement in reported 

data collected from the same source (e.g., use of questionnaires, use of psychometric scales, 

use of teacher-ratings) may be correlated (Fergusson & Horwood, 1 987, 1989). Thus, the 

validity of the assumption of uncorrelated errors of measurement is open to doubt. 

It is possible to incorporate method or response specific errors of measurement into the 

general equation as follows: 

where 71j denotes the latent endogenous factor, €\4 denotes random errors of measurement in 

the ith measure Yi• and €\4h denotes systematic sources of variance in Yi from source h which 

are shared or in common across measures. Thus, variation in the self-report data is assumed 

to be a function of three non-observed sources of variation: 

1 .  Variation attributable to true variation in Y;· 

2. Variation attributable to random errors of measurement (unreliability) in the reporting 

ofy;. 

3 .  Variation attributable to common response tendencies or common method effects which 

reflect situational factors or response tendencies which exert a consistent influence on 

self-report data or psychometric instruments. 

It is possible to rewrite the above equation as: 

Yi = Aij 7lj + Ej 
(where ei = e� + �J 
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where the disturbance term ei combines variation from two sources: (a) random errors of 

measurement that are uncorrelated with each other, and (b) variation due to response, method, 

or situational factors in reporting, which exert a constant influence on psychometric 

instruments. In such models it is immediately apparent that for any measures Yi• yj sharing 

the same systematic or common sources of error variance, the assumption of uncorrelated 

errors of measurement becomes invalid, that is covariance (ei, e) ;;C 0. 

Hypothesized correlations between measurement errors are represented by two-headed, curved 

arrows. The absence of such curved arrows between e's in Figure 9 (see p. 121 )  indicates 

that all errors of measurement correlations were constrained to a value of zero. The addition 

of correlated measurement errors to a model will nearly always improve goodness-of-fit; 

however, it can also "mask a true underlying structure" (Gerbing & Anderson, 1984). 

Furthermore, it is inherently susceptible to capitalization on chance characteristics of the data, 

thus raising the question of whether these model modifications generalize to other samples 

or to the population (MacCallum, Roznowski, & Necowitz, 1992). For these reasons, 

correlated measurement residual assumptions should be based on substantive considerations. 

Fomell ( 1 983) suggests that allowing for correlated measurement errors should not be 

motivated by goodness-of-fit improvement, unless (a) it is warranted on theoretical or 

methodological grounds, or (b) it does not significantly modify the structural parameter 

estimates. In addition, it has been suggested that the sensitivity of parameter estimates to the 

specification of correlated errors of measurement should be investigated (Hughes, Price, & 

Marrs, 1 986). 

7.4.2.1 Respecification of Model 1 to include correlated errors 

Figure I 0 presents an extension of Model 1 proposed earlier, to allow for the influence of 

correlated errors of measurement. While the structural component of this model is identical 

to the structural model described previously, it is now necessary to elaborate the measurement 

component of the model presented previously to allow for the presence of response tendencies 

in the self-report data. More specifically, an important elaboration of the measurement model 

is that the variance-covariance matrix e e of the disturbance terms €j is no longer assumed to 

be diagonal. Instead, the disturbance terms of the psychometric indicators are allowed to be 

correlated. 



Figure 10. Hypothesized Model ! respecified to include correlated errors. 
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For illustrative purposes, assume that the disturbance terms of the following observed 

endogenous variables are correlated (or allowed to covary): stability and controllability 

dimensions for success attributions; stability dimension of failure attributions and the first 

measure of metacognitive knowledge; the second measure of metacognitive knowledge and 

classroom performance. Hence, Se, the variance-covariance matrix of the errors of the 

observed endogenous variables (e) is given by: 

1 1  
621 622 
0 0 633 
0 0 0 644 
0 0 0 0 6ss 

ef = 0 0 0 0 0 666 
0 0 0 0 0 0 617 
0 0 0 684 0 0 0 6u 
0 0 0 0 0 0 0 0 699 
0 0 0 0 0 0 0 0 0 610.10 
0 0 0 0 0 0 0 0 6n,9 0 eu.n 
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The above model, which incorporates response tendency or method effects (i.e., correlated 

errors of measurement), can be shown to be overidentified. This can be seen from the fact 

that there are 78 observed variances-covariances and 35 model parameters to be estimated, 

leaving a model with 43 degrees of freedom. The 35  model parameters to be estimated 

include: (a) 7 coefficients A/, (b) 4 coefficients 'Yi• (c) 5 coefficients {3i, (d) 1 coefficient c/>, 
(e) 1 1  variances and 3 covariances of the error terms ei, and (f) 4 variances of the 

disturbances ,ri. Evidence also comes from the literature that this type of model is identified. 

The measurement component of this model is of the form of a simple confirmatory factor 

model; in the presence of correlated errors, such models have been shown to be identified by 

Long ( 1 983a) and Horwood ( 1 987). The structural model component is in the form of a 

recursive path model and such models have been shown to be identified by Duncan (1975). 

7.4.3 The multisample situation 

The models described in sections 7.4. 1 and 7.4.2 provide a basic account of the relationships 

between motivational, cognitive, and metacognitive factors for a single group. However, it 

is necessary to elaborate the model further to include a multisample situation, since this was 

the focus of the present study. Asswne that there are two groups of readers: reading disabled 

(RD) and normal achieving (NA). In conducting multisample analyses, one can test the 

hypothesis that the proposed model in Figure 1 1  (see p. 1 33) holds in each group 

simultaneously. By imposing between-sample constraints on selected coefficients (structural 

path estimates, factor loadings) or sets of coefficients, it is possible to test whether these 

coefficients are equal across groups. In general, any degree of invariance can be tested, from 

the one extreme where all parameters are assumed to be equal across groups, to the other 

extreme where only the pattern of fixed and free parameters is the same (Joreskog & Sorbom, 

1 989). In the present case, it seemed particularly interesting to examine whether the causal 

paths among the latent variables, the factor loadings, or both were equal across groups for the 

model. Inasmuch as the latent variables were assessed via the same indicators in both groups, 

an identical factor loading matrix might reasonably be expected. However, according to 

theory, one may expect some of the causal relationships between the latent variables to vary 

in magnitude across groups. 

It has been recommended that the general form of the measurement model must hold for all 

groups for which meaningful comparisons are to be made (Bollen, 1 989). Conceptually, 
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measurement invariance refers to the extent to which a construct or a measure of a construct 

retains its meaning across groups or over time (Byme, 1 989a, 1 989b; Byme, Shavelson, & 

Muthen, 1 989). In the measurement model, the factor loadings are of central importance in 

the definition of each latent variable and the validation of the underlying factor structure. For 

comparisons across multiple groups, the minimal condition of factorial invariance is typically 

taken to be the invariance of factor loadings (Bollen, 1 989). However, Byrne et al. ( 1 989) 

maintain that comparisons between groups can be undertaken if at least one factor loading per 

factor is statistically equivalent across the groups, a condition referred to as partial invariance. 

7.4.3.1 Respecification of Model 1 to include the multisample situation 

Figure 1 1  shows that for each group there are four endogenous variables and one exogenous 

variable. The measurement (except for the errors of measurement) and structural components 

have similar patterns of relationships across groups. The specification of the structural 

relationships is similar across groups, except that the magnitude of some of the causal 

relationships are hypothesized to differ across groups. Interpretation of variables and 

parameters is similar to that outlined for the model in section 7.4 . 1  except that it now applies 

to two reader groups. 

- - - . ... ...._ . . ... --
---t.,� ,.._ .... _. Jlllll""" --

Figure 11.  Hypothesized Model 1 respecified for the multisample situation. 
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The measurement model described in section 7.4.2. 1 with the model specifications given 

previously for the model can be extended to the two group situation to produce the LISREL 

structural equation specifications described below. It is important to note that the assumptions 

underlying this model (except for model assumption no. 5 concerning uncorrelated 

measurement errors, see section 7.4. 1 .4), and the interpretation of the model parameters are 

identical to those described previously for that model. As these assumptions and parameter 

interpretations have been described previously, they are not repeated here in the interests of 

brevity. 

(i) Measurement model 

The measurement model describing the relationship between the measures and the latent 

constructs can be expressed as a series of linear equations. The general form of these 

equations for the endogenous variables is 

Y.lg] = A. . .lgJ .,JgJ + e.lgJ I IJ "IJ I 

where 71j (j = 1 to 4) denotes the non-observed true attributional style, self-efficacy, 

metacognitive knowledge, and performance factors; the coefficients �i describe the regressions 

of the psychometric measures Yi (i = 1 to 1 1 ) on the latent attributional style, efficacy, 

metacognitive knowledge, and performance factors fli (j = 1 to 4); Ei (i = 1 to 1 1 ) denotes 

random and response/method specific errors of measurement in the psychometric or self-report 

data; and where the superscript g represents a distinct matrix for the NA group (g = g1)  or 

RD group (g = g2). 

As there is one exogenous variable the measurement model for the exogenous variable reduces 

to 

In LISREL notation the above measurement model may be expressed in matriX notation as 

follows: 

y [gJ = Ay [gJ ., [gJ + E [gJ 
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Y• [g] 0 0 0 [g] 

��] 
(g] El [g] 

Y2 A21 0 0 0 E2 
YJ A31 0 0 0 EJ 
Y4 A41 0 0 0 €4 
Ys As• 0 0 0 Es 
Y6 = 0 �2 0 0 + €6 
Y1 0 1 0 0 E7 
Ys 0 0 1 0 Eg 
Y9 0 0 �3 0 E9 
YJO 0 0 0 1 EIO 
Yn 0 0 0 A• •.4 En 

X (gJ = Ax (gJ � lgJ + 0 (gJ 
= [}n][gl [JJ lsl + 

where An = 1 .  

In this model, assume that equality constraints of the factor loadings across the NA and RD 

reader groups are made for the measurement parameters. This is specified as �ls11 = �ls21 

and Ay[g1J = Ayls21 where g 1  represents the NA group and g2 represents the RD group. 

(ii) Structural equation model 

The structural relationships between the latent factors of ability, attributional style, self

efficacy, metacognitive knowledge, and reading performance implied by Figure 1 1  are given 

by the following equations: 

71J [g] = "Yn[g] � . [g] + r.[g] 
112[g1 = "Y21 [g1 � . [g1 + J32. rsl 11. [g1 + r2[g1 
713[g] = ,3.[g] � . [g1 + J33.rsl 11. [g1 + J332[g] 112[g1 + r3[g] 
714[g] = ,4. [g] � .rsl + J342[g] 112[g1 + J343[g] 713[g] + r4[g] 

In LISREL notation these equations may be written in matrix form as follows: 

11 (gJ = r 1'1 � (gJ + B 'g) 11 (gJ + r 'g1 1::]� ��: :] [g] [�J [g] 

l�4 �41 
+ �r 
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In accordance with the hypothesized model, all structural causal paths are constrained equal 

across groups, except for the path between the latent factors of: (a) ability and attributional 

style; (b) ability and metacognitive knowledge; and (c) ability and performance. The 

equations for the equality constraints are specified as follows: -y21[gtJ = -y21[g21; /321[gtJ = /321[g2J; 
/33 1[gtl = /33 1 lG21; (332lstl = (332lG2J; /343[gt) = /343lG21; /342[gtl = /342[g2J, where gl  represents the NA group 

and g2 represents the RD group. 

Since there is only a single exogenous variable, 

�lsl = [cl>n]lgJ 
where c/>1 1  represents the variance of the exogenous variable � 1 • 

(iii) Disturbance assumptions 

As was discussed previously, the assumption of uncorrelated errors of measurement is 

unrealistic and hence, correlated errors of measurement are incorporated in the model. For 

illustrative purposes, assume that for NA readers the disturbance terms of the following 

observed endogenous variables are correlated (or allowed to covary): stability and 

controllability dimensions for success attributions; stability dimension of failure attributions 

and the first measure of metacognitive knowledge; the second measure of metacognitive 

knowledge and classroom performance. For RD readers, assume that the disturbance terms 

of stability and internality dimensions of success attributions, and the disturbance terms of the 

two measures of metacognitive knowledge, are correlated. Hence, 6Elstl, the variance

covariance matrix of the errors of the observed endogenous variables, e, for NA readers is 

given by: 

1 1  
(}21 (}22 
0 0 (}33 
0 0 0 044 
0 0 0 0 Oss 

eE[gt] = 0 0 0 0 0 ()66 
0 0 0 0 0 0 (}17 
0 0 0 084 0 0 0 Oss 
0 0 0 0 0 0 0 0 (}99 
0 0 0 0 0 0 0 0 0 010,10 
0 0 0 0 0 0 0 0 011 ,9 0 01 1, 1 1  

9ElG21, the variance-covariance matrix of the errors of the observed endogenous variables, e, 
for RD readers is given by: 
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lJ1 1 
0 {)22 
0 0 {)33 
0 0 0 {)44 
0 {)52 0 0 Oss 

ef[g2] = 0 0 0 0 0 {)66 
0 0 0 0 0 0 {)71 
0 0 0 0 0 0 0 {)88 
0 0 0 0 0 0 0 {)98 {)99 
0 0 0 0 0 0 0 0 0 010,10 
0 0 0 0 0 0 0 0 0 0 01 1 , 1 1  

86!gJ, the matrix representing the variances and covariances of the measurement errors, o;, is 

given by: 

e 6(g] = eo 1 1J (gJ 
where 01 1 is set to a prespecified value for each group. 

The variance-covariance matrix of the disturbances is given by: 

'}IU:l = [f
' 

1/;22 
0 
0 

(g) 

As 9f!cl, 96U:l, '}IU:l, are variance-covariance matrices, they are symmetric and therefore the 

elements in the upper diagonal, which are identical to those in the lower diagonal, are 

redundant. By convention only the elements in the lower diagonal are shown. 

(iv) Identification of model 

In employing the above constraints between NA and RD readers, the pr�posed model can be 

shown to be overidentified. This can be seen from the fact that over the two groups there are 

1 56 observed variances-covariances and 56 model parameters to be estimated, leaving a model 

with 1 00 degrees of freedom. The 56 model parameters to be estimated include: (a) 7 

coefficients 'A;Y, (b) 7 coefficients 'Y;, (c) 5 coefficients #;, (d) 2 coefficients of c/>, (e) 22 

variances and 5 covariances of the error terms €;, and (f) 8 variances of the disturbances ri. 
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7.5 Advantages and limitations of using SEM techniques 

The preceding discussion has outlined the statistical theory and rationale behind structural 

equation modelling and the specification of structural equation models within a LISREL 

framework. It is clear that SEM has much to offer in the study of the models examined in 

this thesis. Specifically the advantages are: 

1 .  SEM permits directional predictions amongst variables and modelling of indirect effects 

(Bollen, 1 989). 

2 .  SEM allows one to test models in which the latent factors are derived from multiple 

measures of the same construct rather than from a single measure; in using multiple 

rather than single indicators, it directly deals with the inherent unreliability of scales used 

in social science research (Hoyle & Smith, 1 994). 

3 SEM enables one to test the overall adequacy of an entire model as well as its 

subcomponents (Hull & Mendolia, 1 991 ). 

4. SEM identifies sources of poor model fit (Hayduk, 1987). 

5 .  SEM allows one to go beyond testing hypotheses between means of groups to testing 

hypotheses about similarities and differences in structural relationships among latent 

factors across populations (Joreskog & Sorbom, 1989). 

6. SEM permits a test of competing views or theoretical models; for example, one can 

evaluate whether the fit of model improves by dropping, adding, or constraining specific 

paths, which have been hypothesized by competing theories (Bollen, 1 989). 

These features provide substantial advantages over more traditional methods in which data are 

analyzed using significance testing and other procedures. Despite these advantages, there a 

number of shortcomings in using SEM techniques which deserve mention. First, in applying 

SEM techniques, there is the requirement that one has a clearly formulated theoretical model 

in mind to test. However, most existing social science theories are not precisely formulated. 

Consequently, the process of model building requires the investigator to make various 

assumptions and "inductive leaps" from existing theory regarding the causal structure of the 

variables (Fergusson, 1 995; Fergusson & Horwood, 1 988). The extent to which these 

assumptions may be justified depends on the state of the existing knowledge and a priori 

theory within a given area. Thus, the use of SEM is effective in the context of confirmatory 

data analysis (Fergusson & Horwood, 1987), that is, where there is substantial a priori theory 
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about the processes under study. It is  likely that an investigator using SEM techniques in an 

exploratory framework to strengthen a weak theoretical model could encounter problems. The 

present study illustrates this point clearly to the extent that the models proposed draw heavily 

from a body of a priori theory. In the absence of this prior theoretical and empirical 

knowledge, it would have been difficult to develop clearly formulated models of the 

relationships between cognitive, metacognitive, and motivational variables. 

A second problem is that SEM techniques assume interval scaled data, yet variables of interest 

are often only nominal or ordinal (Bollen, 1 989; Fergusson, 1 995). Although LISREL can 

accommodate discrete exogenous variables, because of the violation of the assumption of 

homoscedasticity in error terms, there are problems of estimation and prediction when either 

an endogenous variable or operationalization is dichotomous. In general, parameter estimates 

will not be efficient, predictions will be imprecise, tests of significance will not apply, and 

estimated standard errors will not be consistent (Hayduk, 1 987). 

Another assumption of SEM techniques that poses a problem is the assumption of linear and 

additive functional relationships among variables. Since some phenomena in social sciences 

are governed by nonlinear processes, it may be inappropriate and misleading to use linear 

structural equations to represent them. While SEM methods usually do not allow for the 

presence of non-linear relationships between variables, a number of techniques have been 

developed recently to accommodate non-linear or interactive effects within structural equation 

models (see Bollen, 1 989; Hayduk, 1 987). A simple interactive structure is investigated in 

the present study. This involves studying the implications of group status (reading disabled 

vs normal achieving), a categorical variable, on the relationships of the . cognitive, 

metacognitive, and motivational variables. One way this simple interactive structure is 

modelled is via an extension of the theory for single population models to a multisample 

context (Joreskog & Sorbom, 1 989). With a multisample analysis it is possible to test 

whether different covariance structures hold for different subgroups of the population. 

SEM techniques have a number of other shortcomings. It assumes that observations are 

obtained from a multivariate normal distribution. The estimates of parameters are efficient 

only for large samples. The chi-square goodness-of-fit test, which is a large sample 

approximation, is directly sensitive to sample size. Another important limitation is the 

identifiability of the model. It is not necessarily the case that formulated models will be 

identified and therefore be amenable to solution using SEM. To obtain identifiability, the 

investigator may be forced to simplify the model by assuming that a number of potential 

causal relationships do not exist. These simplifying assumptions may "make structural 
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equation models approximations, perhaps caricatures, of the complex reality they represent" 

(Fergusson, 1 995, p. 140). 

A final limitation concerns the extent to which all variables of theoretical relevance to the 

processes under study have been considered and included (Fergusson, 1 995). While the 

omission of variables does not necessarily impugn the validity of a model, it is always 

preferable that the investigator make allowances for such difficulties in the model 

specification and data collection. In cases where it may be thought that one or more 

theoretically important variables have been omitted, it is important to recognise that it is 

unrealistic to expect a single model to provide a full account of all the variables that may be 

of potential theoretical relevance to the processes under study. 

7.6 Conclusion 

It is apparent that SEM techniques provide the social scientist with a potentially powerful tool 

for testing the adequacy of causal hypotheses. The logic of SEM is that it forces researchers 

to clarify the conceptual reasons for interrelating measures. That is, in specifying a causal 

model, a researcher is forced to explain in detail why measures should be interrelated. The 

present review suggests that the process of model building and testing requires an interplay 

between the researcher, theoretical considerations, and the application of appropriate statistical 

methodology. The problems in specifying, fitting, testing, and interpreting the covariance 

structure models may sometimes lead to failure in one or more aspects of this process. 

In conclusion, it can be argued that there are several advantages to using these techniques in 

the present study. More specifically, the use of SEM allows the investigator to specify and 

test a range of clearly formulated hypotheses, in addition to competing views and theories. 

It also allows an examination of the similarities and differences in the structural relationships 

across subpopulations. Unlike approaches that simply sum subcomponents to form a 

composite scale, SEM enables researchers to specify the theorized relations among the 

subcomponents in terms of latent variables. In addition, it provides a test of these theorized 

measurement and structural systems, while retaining information about the unique aspects of 

the subcomponents. For all these reasons, structural modelling was considered to be 

particularly suited to testing the theorized relations among ability, attributional style, self

efficacy, metacognitive knowledge, strategy use, and reading comprehension. 
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The role of intellectual ability, motivational beliefs, metacognitive knowledge, and 

cognitive/metacognitive strategy use in reading comprehension was studied in a sample of 

reading disabled and achieving readers from nine intermediate schools in the Manawatu and 

Wanganui regions. Prior to conducting the present study, several pilot tests were conducted 

in order to refme measures that were developed for this study. These included the efficacy 

and strategy use measures. 

There were three phases involved in the present study. Phase 1 concerned sample selection. 

Selection of reading disabled adolescents was based on a six-stage multidefinitional approach. 

A sample of normal achieving readers with achievement in reading consistent with age was 

also identified. 

The data were collected in early-mid 1994 in two phases (Phases 2 and 3). Phase 2 involved 

the administration of two self-report questionnaires (Reading Questionnaire I and Il) which 

examined students' attributional style, self-efficacy, metacognitive knowledge, and use of 

strategies in the domain of reading. Testing of groups of students took place during two 45 

minute sessions with both questionnaires administered within a period of one week. 

Phase 3 involved reading interviews, conducted individually. These interviews lasted 25 

minutes and were conducted within two weeks of Phase 2. The taped interviews provided 

further data on students' cognitive and metacognitive strategy use. Following Phase 3 ,  data 

coding was undertaken and reliability of the interview data was established. Thereafter, 

analyses of the data proceeded. 

This chapter therefore describes the identification of subjects, the IQ and achievement tests 

used, the cognitive, metacognitive, and motivational measures used, and how they were 

applied. In addition, the statistical methods that were employed to analyze the data are also 

described. 
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8.2 Sample 

Parental and child consent was obtained for those students who were selected to participate 

in the study (see Appendix A). The sample was selected from the 1 993 cohort of Form 2 

students emolled at nine different intermediate schools (which served a wide range of socio

economic backgrounds) in the Manawatu and Wanganui regions. This Form 2 cohort 

comprised approximately 2000 students. The schools varied in size and type oflocation (rural 

vs urban), internal organisation, and methods of teaching reading. 

Initially, students who gave consent to participate in the study were assessed via a battery of 

tests and screens involving standardized tests of achievement and a test of intelligence. The 

aim of this battery was to appraise how the students were functioning in terms of their 

academic competence. Students' achievement in a variety of subjects was initially assessed 

using all available school records of the seven tests in the Progressive Achievement Test 

Series (PAT; Elley & Reid, 1 97 1 ;  N. A. Reid, 1 993 ; N. A. Reid, Croft, & Jackson, 1 978; N. 
A. Reid & Elley, 1991) .  A short form of the Wechsler Intelligence Scale for Children 

Revised (WISC-R; Wechsler, 1 974) was used as a measure of intellectual functioning. Only 

those who met the selection criteria continued in the study. The procedures for selecting the 

reading disabled (RD) and normal achieving (NA) groups are summarized below. 

8.2.1 Selection of reading disabled (RD) sample 

In Chapter 2, it was argued that a multidefmitional assessment procedure may provide an 

improvement over traditional discrepancy-based methods in identifying RD children. Such 

an approach requires the determination of a set of selection criteria that would constitute key 

defining characteristics (or operational interpretations) of the RD child. In the present study, 

a number of key defming features that have been commonly employed across definitions of 

reading or learning disability were extracted from the literature. These key features were 

based on the best available knowledge of the learning disability concept. 

A six-stage assessment model was used where: (a) RD readers were recommended by teachers 

(qased on absolute criterion of low reading achievement in the classroom), (b) students 

achieved below or equal to the 25th percentile in one of the reading PAT tests 

(comprehension or vocabulary), (c) students had an inconsistent achievement profile based on 

their standardized achievement test scores, (d) students had no evidence or history of 
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neurological abnormality, emotional disturbance, or cultural deprivation as was apparent from 

school records, (e) students did not experience difficulties with English-as-a-second-language, 

and (f) students had prorated IQ scores of 85 or more. A more detailed description of each 

of these steps and the rationale for including them follows. 

The first step involved teacher recommendation and has been included by some researchers 

as one step in identifying RD children (Berninger et al., 1 992; Carr et al., 1 99 1 ;  Leong, 1 985, 

1987). The second step of the screening procedure identified students who had at least one 

reading PAT score below or equal to the 25th percentile and at least one PAT score above 

or equal to the 30th percentile. The 30th percentile represents one-half a standard deviation 

below the mean. Students who had at least one PAT result equal to or greater than the 3 0th 

percentile were postulated to have an inconsistent achievement profile. Furthermore, it was 

believed that such achievement may indicate average intelligence. Students showing 

consistent low levels of academic achievement across a variety of domains (indicated by all 

PAT scores below the 30th percentile) were excluded from subsequent screening with the 

WISC-R because of the likelihood that they would be slow learners. This screen provided 

students who were achieving at a level approximately 1 -2 years below the average Form 2 

age range ( 1 2- 1 3  years) in reading but who gave some indication of being in the normal IQ 

range. The reading achievement criterion (at or below the 25th percentile) adopted in this 

study has commonly been used in the reading disability literature (Bowers, Steffy, & Tate, 

1 988;  Fletcher et al. ,  1 994; B. A. Shaywitz et al., 1 992; Siegel, 1 992; Swanson & Trahan, 

1995). 

In the second step of this six-stage assessment model, it was decided to dismiss the notion of 

a severe discrepancy definition based on a difference score as commonly used (i.e., a 

calculation of discrepancy scores between intelligence and reading achievement). Instead, a 

low achievement definition of reading disability was adopted. In this definition the notion 

of discrepancy is still maintained as the finally selected students are required to have normal 

intelligence (see step 6). Such an approach is increasingly being used in studies of RD and 

LD children (Szuszkiewicz & Symons, 1993). In the low achievement definition, the 

"unexpectedness" would still occur because these adolescents are not intellectually deficient 

and possess adequate intelligence to master reading skills (Siegel, 1 988, . 1 989a). Fletcher et 

al. ( 1 994) suggest that this approach simplifies the definition of reading disability at a single 

point based on arbitrary decisions about severity by avoiding problems associated with 

calculating a discrepancy score. Such an approach provides a dimensional view of reading 
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disability and is comparable to those used in defining mental retardation and childhood 

psychopathology (Fletcher et al. ,  1 993). 

The third step entailed looking at the "intraindividual" differences in academic achievement 

of the RD student. This criterion was included as it has been suggested that differences 

between performance on different tasks or between academic areas is characteristic of the RD 

child whilst fairly even, low levels of achievement is characteristic of the mentally retarded 

child or slow learner (Chalfant, 1989; Keogh 1988a; Kirk & Chalfant, 1 984). 

The employment of steps 2 and 3 as key defining features of learning disabilities is supported 

by a number of researchers. For example, Epps, Y sseldyke, and Algozzine ( 1 985) noted three 

diagnostic characteristics of learning disabilities. These were a discrepancy between ability 

and achievement, low achievement, and a "scattered" assessment profile indicating variable 

performance in a number of areas. Valus (1986) surveyed the teachers of students with 

learning disabilities who reported that intraindividual differences, achievement-potential 

discrepancy, and below average academic work were the major identification criteria. 

In the fourth step, school records were consulted. All students with any known history or 

evidence of neurological abnormalities, behavioural, emotional and attentional problems, 

hearing and vision abnormalities, cultural deprivation or any other major handicapping 

condition were excluded. This was done in accordance with the conventional exclusion 

criteria for reading disabilities. Students experiencing English-as-a-second-language 

difficulties were also excluded (step 5). Exclusion of children with difficulties in English has 

been used in a number of studies (Fletcher et al., 1994; Horrex, 1 992; Swanson & Ramalgia, 

1 992). A total of 228 students met the above 5-step criteria. 

The last step involved selecting students with normal intelligence. Several re�earchers have 

suggested that IQ has limited value for the differential diagnosis of reading disability (e.g., 

Siegel, 1 988). However, it is argued here that IQ tests should not be rejected completely; in 

the present study, it is included as a threshold concept where an IQ of 85 is conceptualized 

as the lower bound in defining reading disabilities (Leong, 1 989). It is reasonable to include 

IQ so long as it is not employed as the sole criterion for defining reading disabilities. In 

addition, normal intelligence was considered necessary to control for general academic 

aptitude so as to exclude mental deficiency as an explanation for students' reading difficulties. 
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Level of intelligence was determined by testing the students with a short form of the WISC-R 

(comprising of Information, Vocabulary, Picture Completion, and Block Design subtests). 

Testing was conducted in the schools during the early part of 1 993 by the researcher and five 

senior postgraduate psychology students who had advanced testing qualifications and practical 

experience. The next procedure involved deleting from the target group those students whose 

prorated intelligence scores were less than 85. Full Scale IQ scores were prorated from the 

summed scaled scores, following the procedure suggested by Tellegen and Briggs ( 1 967). All 

subjects in this final group (n = 204) obtained a full scale IQ score above 85,  thus classifying 

them within the normal IQ range which is in accordance with current RD definitions and 

research (Bowers et al., 1 988; Eden, Stein, Wood, & Wood, 1 995; Stanovich, 1 99 l a, 1 99 1 b; 

Swanson & Ramalgia, 1 992). 

8.2.2 Selection of normal achieving (NA) sample 

Normal achieving readers were randomly selected from the nine intermediate schools. These 

students had been administered the same ability and achievement tests as the RD group. 

Students who scored less than the 30th percentile on either the PAT Reading Comprehension 

or PAT Vocabulary test were dropped from further study. Students included in the final NA 

readers group (n = 203) met the following criteria: 

1 .  PAT Reading Comprehension and Reading Vocabulary scores greater than or equal to 

the 30th percentile. 

2. a prorated IQ of 85 or above on the WISC-R. 

The cut-off point of the 3 0th percentile in both the PAT reading tests indicates that these 

students were performing at a level no less than one-half a standard deviation below the mean. 

The 30th percentile cut-off for identifying NA children has been used by a number of 

researchers (e.g., Siegel, 1 992). This criterion was somewhat lower .than is typical in the 

literature. A number of studies adopt a criterion of the 40th percentile or above (Share, 

Moffitt, & Silva, 1 988;  B.  A. Shaywitz et al., 1 992). This would mean that 40% of the 

population are not normal achieving. The use of such a conservative criterion in the literature 

is open to criticism given that normal performance is commonly defmed at plus and minus 

one standard deviation from the mean (equivalent to a percentile rank range of 1 6  to 84). 

Given this definition, the current study used a more stringent defmition for the lower end of 
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the range and a more lenient one at the higher end. The adoption of such a criterion for this 

study allowed a wide range of students to be examined and was defensible, given the goal of 

studying within group differences in a model of reading achievement. It should be noted that 

although the NA group consisted mainly of average achieving readers, some high achieving 

readers were also included. 

8.2.3 Demographic information 

Table 2 presents a summary of the demographic characteristics of the sample in each group. 

The sample consisted of 5 1 .6% males and 48.4% females. The majority of the students were 

of European descent (68. 1%), 14.3% were of mixed European and Maori descent, 1 3.3% were 

of Maori descent and 4.3% belonged to the "other" ethnic categories. The NA sample 

ethnicity and gender proportions are consistent with those reported by the Ministry of 

Education for the Manawatu-Wanganui region (Ministry of Education, personal 

communication, October 1 994). 

The RD group comprised 120 boys and 84 girls. The proportion of males to females in the 

RD sample is consistent with previous research indicating that boys make up a greater 

proportion of the RD population (Chapman et al., 1 984; S. E. Shaywitz & Shaywitz, 1988). 

Significant differences for age (t = -4.07, p :::; .001), gender (t = 2.95, p :::; .003), and ethnicity 

(t = 6.92, p S .001)  were found between the RD and NA groups. 

Table 2. Demographic characteristics of reading disabled and normal achieving readers 

Age Gender (%) Ethnicity (%) 
Group Number (months) 

of cases 
M SD Male Female European European Maori Other 

and Maori 

N A  203 1 49.6 3.8 �.3 55.7 83.3 7.9 6.4 2.4 

RD 204 1 5 1 2  4.1  58.8 4 1 2  52.9 20.6 20. 1 6.4 
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The gender and ethnic differences between groups are a predictable consequence of separation 

into NA and RD readers, that is, one can expect more boys and non-Europeans to be poorer 

readers (e.g., Fergusson, Lloyd, & Hdrwood, 1 99 1 ;  Marsh, Smith, & Barnes, 1 985). 

However, these differences may have an impact on the structural relationships of the 

hypothesized models investigated in the present study. This issue was investigated later in 

the Results chapter in the form of supplementary analyses (see also Appendix J). 

Table 3.  Ability and achievement scores of reading disabled and normal achieving readers 

WISC-R Full PAT Reading PAT Reading 
Group Number Scale IQ Comprehension Vocabulary 

of cases (Age percentile) (Age percentile) 

M SD M SD M SD 

NA 203 1 02.9 9.1  64.0 1 8.5 62.3 1 9.5 

RD 204 95.6 8 . 1  20.4 1 2.7 20.9 13 .4 

Table 3 presents the IQ and Reading PAT data for the two sample groups. The mean 

prorated IQ of the RD and NA groups were 95.6 and 1 02.9, respectively. The difference in 

IQ scores between the groups is statistically significant (t = 8.58, p � .001) .  This finding is 

consistent with previous research which has shown the RD group, often even after matching, 

to have I Q  scores which, though falling in the normal range, are somewhat lower than those 

of the NA group (Stanovich, 1 986a; Torgesen & Dice, 1 980; van Kraayenoord, 1 986). The 

mean difference in IQ between groups of 7.3 is consistent with that found in a formal survey 

conducted by Torgesen and Dice ( 1 980). They found the mean IQ of the learning-disabled 

group to be 6 points lower than that of the control group. 

As expected, significant group differences were also found for the PAT Reading 

Comprehension (t = 27.7, p :::; .00 1 )  and Vocabulary tests (t = 24.9, p :::; .00 1 ). According to 

national norms for Form 2 students, the PAT Reading Comprehension figures represent 

approximately the 64th percentile for NA readers and the 20th percentile for RD readers. 
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8.3 Measures 

The selection of the research instruments was dictated by a number of requirements. First, 

the instruments chosen were required to have good reliability and validity. Second, 

instruments that were commonly used in the literature were employed to enable comparison 

with similar research that investigated predictors of reading comprehension. When reading 

specific measures were unavailable from the research literature, they were developed by the 

author. Finally, measures that were brief and easy to administer were employed due to time 

constraints for testing in schools, and also to avoid encroaching too much into students' 

classroom time. 

Nearly all of the measures used in the present study involved self-report. In order to optimize 

the validity of the students' self-reports, the collection of the self-report data conformed to 

the recommendations set forth by Assor and Connell ( 1992). First, students were made to feel 

valued as reporters by informing them why they were being asked the questions and what the 

investigator planned to do with their answers. Second, the investigator ensured that subjects 

understood the questions and made it clear what information was required from them without 

using deception. Third, students were informed that their responses were confidential. In 

addition they were informed of the process by which confidentiality would be upheld. Fourth, 

the investigator reassured the subjects that any answer given to the question was acceptable 

provided it was what they really believed. This was done by designing sets of instructions 

to put students at ease and encouraging them to use the full range of responses on the 

questions. Fifth, the questionnaires and interviews were administered without a "known" adult 

present (no teachers, parents, or principals). Sixth, the questionnaires were administered to 

manageable sized groups of 1 5  to 20. Seventh, sessions lasted about 45 minutes (as students 

disengage when the assessment is too long). In addition, each questionnaire session was 

divided into intervals with a 3 minute break between sections. Lastly, the investigator read 

the questions to the students and ensured they were on task, offering individual help when 

deemed necessary (e.g., if students required help in understanding the question). 

Table 4 shows the constructs that were examined in the present study and the measures that 

were used to assess these constructs. A more detailed description of the measures is provided 
\ 

in sections 8.3.2 through 8.3.7. The measures reported contain items that were originally 

intended to be used in the study. However, preliminary factor and reliability analyses 
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conducted on the questionnaire items led to some minor modifications of the intended 

measuring scales. 

Table 4. Constructs of interest and their corresponding indicators 

Construct 

Ability 

Academic achievement 

Reading comprehension 

Attributional style 

Self-efficacy 

Metacognitive knowledge 

Metacognitive strategy use 

Cognitive strategy use 

Instruments 

Short form of the Wechsler Intelligence Scale for Children - Revised 
(WISC-R; Wechsler, 1974) 

Progressive Achievement Test Series (PAT; Elley & Reid, 197 1 ;  N. A. Re id, 
1993; N. A. Reid et al. 1 978; N. A. Reid & Elley, 1 99 1 )  

1 .  Progressive Achievement Test for reading comprehension (N .  A. Reid & 
Elley, 1 991)  

2 .  Classroom performance 

Causal Dimension Scale (COS; Russell, 1982) 

I .  General measure of reading self-efficacy (GRSE; Pereira-Laird & Deane, 
1 995) 

2. Task-specific measure of reading self-efficacy (TRSE; Pereira-Laird & 
Deane, 1 995) 

I .  Metacomprehension Strategy Index (MSI; Schmitt, 1 988, cited in 
Schmitt, I 990) 

2. Index of Reading Awareness (IRA; Jacobs & Paris, 1 987) 

1 .  Self-report measure: Reading Strategy Use scale (RSU; Pereira-Laird, 
1 996), RSU-meta 

2. Behavioural measure: Think-Aloud Reading Strategy Use Measure 
(T ARSUM; Pereira-Laird & Deane, 1 996), T ARSUM-meta 

1 .  Self-report measure: Reading Strategy Use scale (RSU; Pereira-Laird, 
1 996), RSU-cog 

2. Behavioural measure: Think-Aloud Reading Strategy Use Measure 
(TARSUM; Pereira-Laird & Deane, 1 996), TARSUM-cog 

Although the questionnaires were designed to measure the latent variables of interest in this 

research, some preliminary factor analyses were necessary to ensure that the variables 

measured the constructs they were designed to measure (see Appendix B, sections B.l and 

B.2). Even though items were drawn from prior studies, exploratory factor analyses were 

considered necessary because the wording was changed slightly and reading specific items 

were added. A series of principal components analyses were conducted on items of strategy 
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use (self-report), self-efficacy, metacognitive knowledge, and attributions, for each group and 

for the whole sample using a varimax and then an oblique rotation. A second series of 

principal components analyses was conducted using strategy-use items only. Factor analysis 

resulted in the exclusion of some items because of a lack of correlation or stable factor 

structure across groups. Based on the results of factor analyses, composite scores were 

formed of those questionnaire items that theoretical and statistical analysis suggested as valid 

measures of the constructs of interest. 

8.3. 1 Pilot tests 

Several pilot tests were conducted in order to refme the TRSE, RSU-meta, RSU-cog, 

T ARSUM-meta, and T ARSUM-cog measures, to establish the amount of time taken to 

administer the measures, to trial instructions given to the students, to determine the 

appropriateness and clarity of the language of the measures, and to determine the suitability 

of the passages. Details of these pilot tests are provided in Appendixes C through E. 

8.3.2 Ability 

In terms of measured intelligence, individual tests are preferred over group tests with the 

Wechsler scales being the most frequently used (German, Johnson, & Schneider, 1 985). 

Accordingly, a short form of the Wechsler Intelligence Scale for Children - Revised (WISC

R: Wechsler, 1 974) was used as the measure of general intellectual functioning. The WISC

R, which correlates highly with other measures of intelligence, has been described as the best 

standardized and most widely used test for school-age students (R. L. Taylor, 1984). The 

subscales are moderately reliable and highly intercorrelated, and the derived verbal and 

performance scales are even more reliable and intercorrelated (Mitchell, 1 985). The WISC-R 

has also been shown to predict academic achievement equally well for blacks and whites (in 

the United States) and to be relatively free from item bias (C. R. Reynplds, 1 982). 

Some of the items in the information subtest were modified to suit New Zealand students. 

Following Tuck, Hanson, and Zimmerman ( 1975), the changes made �ere as follows: 

question (Q) 5 was changed from "pennies" and "nickel" to "cents" and "dollar"; Q12 was 

changed from "America" to ''New Zealand", Q19 from "two countries that border the United 

states" to "two Australian states", Q20 from "pounds" and "ton" to "kilograms" and "tonne", 
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Q24 "American man" to ''New Zealand man", and Q27 "New York to Los Angeles" to 

"Auckland to Sydney". These modified items have been used previously by other New 

Zealand researchers, and reliability and validity data of the modified version were comparable 

to that of the original scale (R. St. George & Chapman, 1987). 

Since it was not feasible to administer the full WISC-R test to a large number of students, a 

short form comprising four subtests was used. These were Information, Vocabulary, Picture 

Completion, and Block Design. They were chosen because of their relatively high 

correlations with Full Scale IQ, and because of their ease of administration. As shown by 

Sattler ( 1 992), this particular combination of subtests as a four-subtest short form does not 

alter greatly the correlation of the short form with the Full Scale IQ -- all coefficients were 

about .94 for the ten combinations of four subtests presented by Sattler. Full Scale IQ scores 

were prorated from the summed scaled scores, using the procedure recommended by T ellegen 

and Briggs ( 1 967). 

8.3.3 Achievement 

8.3.3.1 Academic achievement 

Initial screening of subjects involved examination of students' academic achievement. 

Students' achievement was assessed using all seven of the Progressive Achievement Test 

Series (PAT), all of which were normed in New Zealand. The PATs measured achievement 

in the areas of Reading, Listening, Mathematics, and Study Skills. The PATs were Reading 

Comprehension (N. A. Reid & Elley, 1 99 1 ), Reading Vocabulary (N. A. Reid & Elley, 1 99 1 ), 

Listening Comprehension (Elley & Reid, 197 1 ), Mathematics (N. A. Reid, 1 993), and Study 

Skills (N. A. Reid et al., 1 978). The latter consisted of three subtests, namely, Knowledge 

and Use of Reference Materials; Reading Maps, Graphs, Tables, and Diagrams; and Reading 

Study Skills. The PAT tests are group administered, paper-and-pencil scales, typically given 

by the maj ority of New Zealand primary and intermediate schools at the beginning of each 

school year (Beck & St. George, 1 983). Their split-half reliability coefficients are above .85 

and the tests are described as having medium to high validity in New Zealand (N. A. Reid, 

1 993 ; N. A. Reid & Elley, 1 99 1 ). 

8.3.3.2 Reading comprehension performance 

The latent construct of reading comprehension performance was represented by two indicators. 
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Age percentile scores of a standardized measure of reading comprehension, the PAT Reading 

Comprehension, served as one indicator, since a child's  achievement is most often assessed 

with a standardized test of reading ability (German et al., 1 985). Classroom marks served as 

the second indicator because they provide a very important source of feedback to students. 

Teachers provided gradings, expressed as a percentage, for students' performance on different 

reading tasks in the classroom. These tasks fell into three general categories: in-class 

seatwork, quizzes and tests, and assignments and projects. An average score for the three 

categories was calculated with high scores representing good reading performance. 

8.3.4 Causal Attribution 

Despite the evidence that causal attributions are important determinants of motivation and 

achievement, relatively little attention has been paid to the reliability and validity of different 

methods for assessing attributions. As discussed in Chapter 4, section 4.4. 1 ,  it was considered 

important to measure causal attributional dimensions directly so as to avoid the "fundamental 

attribution researcher error". Thus, in the present study attributional dimensions were 

measured directly using the Causal Dimension Scale (Russell, 1 982). This measure was 

designed to assess how the student perceives the cause of the reading outcome in terms of the 

locus of causality, stability, and controllability dimensions described by Weiner (1979, 1 985a). 

The measure consisted of nine semantic differential scales, with three of the scales assessing 

each causal dimension (see Appendix B, section B. 1). Students were asked to think of two 

to three main reasons why they succeeded or failed in reading and to rate the extent to which 

these causes, in general, fell on the Causal Dimension Scale (CDS). Scores for the locus of 

causality, stability, and controllability dimensions were created by summing student's  ratings 

of the attributions on each of the three semantic differential scales representing that 

dimension. These total scores ranged from 3 to 21  for both the success and failure conditions. 

A number of studies have provided support for the high reliability and validity of the CDS 

(e.g., Wilson & Linville, 1 985). 

The current study provides additional evidence on the CDS's reliability and validity. Fa�tor 

analyses revealed that the attribution items formed separate factors from that of efficacy, 

metacognitive knowledge, and strategy use. Reliability estimates computed for the six 
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subscales in the present study indicated high internal consistency for the whole sample (N = 

407) with alpha coefficients ranging from .85 to .95 for success subscales and .79 to .93 for 

failure subscales, thus supporting the formation of the six subscales. 

The latent construct of adaptive attributional style for reading was hypothesized to be reflected 

in six manifest variables of success and failure on the following three dimensions of 

attributions: locus of causality, controllability, and stability. For reading success, these scales 

were scored so that higher values reflected increased adaptive attributions of locus of causality 

(internality), controllability, and stability. However, for reading failure, these scales were 

scored so that higher values reflected increased attributions of intemality, controllability, and 

instability to represent adaptive attributions. 

8.3.5 Self-efficacy 

Two measures were devised by the author to represent the latent construct of self-efficacy. 

One of the measures was consistent with Bandura's (1 977) original definition, "the conviction 

that one can successfully execute the behaviour required to produce particular outcomes" (p. 

1 93). The other conformed to more recent definitions which emphasize that "self-efficacy is 

concerned with generative capabilities, and not with component acts" (Bandura, 1 986, p. 

397). Thus, the first indicator measured students' confidence about outcomes in relation to 

specific tasks in reading and the second measured students' aggregated reading self-efficacy. 

The first measure, called the Task Specific Reading Self-efficacy (TRSE) scale, followed 

Bandura's  original methodology and was more specific in terms of reading tasks. The 6-item 

scale measured individuals' generalized expectancies concerning their efficacy in performing 

a variety of reading tasks. Students' self-efficacy for reading different materials (e.g., an 

encyclopedia, a 1 50 page novel) was measured on a scale that ranged from 0 to 1 00 in 1 0-unit 

intervals from high uncertainty to complete certainty. Psychometric data for this scale are 

provided by Pereira-Laird and Deane (1 995) (see Appendix C). High reliability and validity 

was demonstrated for this measure. 

The second measure was called the General Reading Self-efficacy (GRSE) scale. In this 

measure, students were required to respond to 7 items on reading self-efficacy using a 7-point 

Likert scale. The scale ranged from 1 to 7 with the following verbal descriptors: 1 - never, 
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2 - almost never, 3 - seldom, 4 - sometimes, 5 - often, 6 - almost always, and 7 - always. 

Items were adapted from the self-efficacy subscale devised by Pintrich and De Groot (1 990). 

The items were modified to make it reading specific. An attempt was made to incorporate 

many aspects of reading, for example, doing well in reading, ability to understand the 

material, and so forth. The items had the following stems "I am certain", "I am sure", and 

"I am confident". Items which indicated comparison to other students were excluded as it was 

believed that they measured perceived competence rather than self-efficacy. Scores for the 

seven items were added and then divided by seven to produce a mean score ranging from 1 

to 7. Scoring was reversed on the items that were negatively worded, so that for all items 

a high score indicated high self-efficacy (see Appendix C for psychometric data). The GRSE 

scale is reported to have good reliability and validity (Pereira-Laird & Deane, 1 995). 

In the present study, factor analyses of the items from the GRSE and TRSE scales revealed 

that the items loaded on separate factors. However, in comparison to the single factor 

structure for NA readers, the TRSE scale items formed two factors for RD readers. Items 1 

and 2 loaded on one factor while items 3 through 6 loaded on a second factor. Examination 

of the two factor structure of the task-specific items suggested that the responses of RD 

readers could be differentiated for easy and difficult reading tasks. In order to make the 

scales comparable across groups, items 1 and 2 were deleted from the TRSE scale. A task 

specific self-efficacy score was computed by calculating the mean for the remaining 4 items 

in the self-efficacy scale. 

In the present study, assessment of reliability, suggested that both measures had satisfactory 

internal consistency as measured by Cronbach' s alpha. Internal consistency for the GRSE 

measure varied from .64 to .87 for the RD and NA students, respectively; the TRSE measure 

had Cronbach alphas of .89 and .83 for NA and RD groups, respectively. 

8.3.6 Metacognitive knowledge for reading 

Two multiple-choice questionnaires were used to measure students' metacognitive knowledge 

for reading. Using multiple choice tests to assess metacognitive knowledge has a number of 

advantages. First, it avoids some of the pitfalls of verbal reports noted by Garner ( 1 987). 

Second, it is more objective than interviews that may involve interpretations of open-ended 

responses, experimenter bias, or fabricated responses. Although these multiple-choice tests 
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allow guessing, they do not place shy, inarticulate, or RD students at a disadvantage. Finally, 

it is easy to administer and score and can be administered to groups in a relatively short 

period of time. 

The Index of Reading Awareness (IRA) was developed by Jacobs and Paris ( 1 987) and 

assesses children's metacognitive knowledge on four separate subscales: evaluation, planning, 

regulation, and conditional knowledge of reading. This measure, or an adaptation of this 

measure, has been used by a number of researchers (Carr et al., 1 991 ;  Oka & Paris, 1 987; 

Paris & Oka, 1 986; Swanson & Trahan, 1 995). The IRA consists of 20 items, each with 

three alternatives representing an inappropriate response (0 points), a partially adequate answer 

( 1  point), and a strategic response (2 points). This measure was based on empirical research 

of children's responses to metacognitive questions, so that it accurately reflected children's 

knowledge about reading strategies, rather than the authors' beliefs about what they know. 

Test-retest reliability (8 month interval) yielded a Pearson product-moment correlation of r 

= .55, p S .001 (Jacobs & Paris, 1987). 

Investigation into the preliminary reliability and validity of the scale revealed no interpretable 

factors and a Cronbach's  alpha of .61 (McLain et al. ,  1991). Furthermore, reliabilities of the 

four subscales ( . 1 5  to .32) were too low to support use of the subscales as separate scores for 

any analysis. Nevertheless, McLain et al. ( 1991)  suggested that the scale was adequate in its 

present form for measuring metacognitive knowledge if used as a total score and only as one 

measure of the reading process. 

In the present study, the wording of some items was slightly changed so that the item 

reflected a measurement of metacognitive knowledge rather than strategy use (see Appendix 

B, section B.2). For instance, the IRA item "If you could only read some of the sentences 

in the story because you were in a hurry, which ones would you read?" was modified to "If 

you could only read some of the sentences in the story because you were in a hurry, which 

ones should you read?" Analysis of internal consistency of the 20 items led to the deletion 

of items 1 ,  5, 9 and 1 5 .  This improved alpha considerably. A Cronbach' s  alpha of . 68 was 

obtained for the whole sample; it varied from .54 for the RD sample to .60 for the NA 

sample. Scores for the remaining 1 6  questions on the IRA were combined to produce a total 

score ranging from 0 to 32 points (see Appendix B, section B.2). 
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The Metacomprehension Strategy Index (MSI), developed by Schmitt ( 1 988, cited in Schmitt, 

1 990), is a 25-item, four-option multiple-choice questionnaire with one option representing 

metacomprehension awareness (1 point) and the other three options representing inappropriate 

responses (0 points). It was developed by Schmitt to evaluate young adolescent students' 

awareness ofmetacomprehension strategies before, during, and after reading a narrative prose. 

The MSI assesses students' metacognitive awareness within six broad categories: purpose 

setting; predicting and verifying; previewing; using prior knowledge; summarizing and 

applying fix-up strategies; and self-questioning. This measure has been used by a number of 

researchers (e.g., Baumann, Seifert-Kessell, & Jones, 1 987; Horrex, 1 992). 

The MSI . has been reported to have an internal consistency value of .87 using the Kuder

Richardson Formula 20 (Lonberger, 1 988, cited in Schmitt, 1990). Statistically significant 

correlations were found between the MSI and the IRA (r = .48, p :S .001).  Furthermore, 

statistically significant correlations were found between the MSI and two comprehension 

measures commonly used to measure students' metacomprehension ability, an error detection 

task (r = .50, p :S .001)  and a cloze task (r = .49, p :S .001).  

Minor modifications were made to the wording of the MSI to improve the face validity of this 

questionnaire for Form 2 New Zealand students (see Appendix B, section B.1) .  The 

alterations acknowledged not only narrative prose reading, but also textbook/book reading. 

For example in item 2 (A), instead of "Look at the pictures to see what the story is about", 

the item was changed to "Look at the pictures or diagrams to see what the chapter is about". 

Items 2 and 20 were deleted for the present study to improve the reliability of the scale. 

Internal consistency of the measure for the current study yielded a Cronbach' s alpha of . 72 

for the whole sample. However, internal consistency for the subsamples was lower, varying 

from .58 for the RD sample to .65 for the NA sample. Scores for the remaining 23 items on 

the MSI were combined to produce a total score ranging from 0 to 23 points . .  

Although Schmitt ( 1 990) suggested that both the IRA and MSI instruments may measure 

similar constructs, the moderate correlation found between these tests suggests otherwise, as 

they have only 1 6% of shared variance. For the current study, these tests had 1 6% to 20% 

of shared variance across the groups. The MSI and IRA were selected for use in the present 

study as they are the only available paper-and-pencil tests, with known psychometric 

properties, currently used by researchers. 
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8.3. 7 Strategy use 

Considerable debate has arisen about how to effectively measure students' use of strategies 

(e.g., Ericsson & Simon, 1 980; Meichenbaum et al., 1 985; Meyers & Lytle, 1 986; Nisbett & 

Wilson, 1 977; Sternberg, 1 985). Although this problem has not been satisfactorily resolved, 

as noted in Chapter 3 (see section 3.3), self-report questionnaires and verbal reporting are two 

most commonly used methods in measuring strategy use. 

Although self-report questionnaires can be used effectively to measure student perceptions of 

cognitive engagement (Ames & Archer, 1 988), researchers have suggested the need to 

replicate these results with other measures (Zimmerman & Martinez-Pons, 1 990), particularly 

in the light of certain inherent limitations of the questionnaires. In the present study, strategy 

use was measured by using a questionnaire and a taped concurrent interview (think-aloud 

procedure). Given that both these measures have methodological limitations, employment of 

a multimethod assessment approach may produce converging measures of metacognition 

which may not share the same sources of invalidity (R. E. Reynolds & Wade, 1 986; 

Schneider, 1 985). 

8.3. 7.1 Self-report measures of strategy use 

A self-report Reading Strategy Use (RSU) scale with subscales assessing metacognitive 

strategy use (RSU-meta) and cognitive strategy use (RSU-cog), was devised by the researcher 

for the purpose of the present study. Items were adapted from a number of published and 

experimental instruments and modified to make them more specific to reading. The 

development of and psychometric data for the 1 0-item cognitive and 1 2-item metacognitive 

strategy use subscales are reported in Pereira-Laird ( 1 996) (see Appendix D). High reliability 

and validity of the subscales were demonstrated by the author. The correlation of the two 

subscales was .50 for the present study, suggesting that they are distinct constructs. 

Students were instructed to respond to the items on a 7 -point Likert scale in terms of their 

strategic behaviour. The 22 item scale had the following verbal descriptors: 1 - never, 2 -

almost never, 3 - seldom, 4 - sometimes, 5 - often, 6 - almost always, and 7 - always. The 

1 2  items included under the metacognitive strategies subscale (RSU-meta) contained items on 

planning, monitoring, and evaluation of the student's  own cognition. Examples of these items 

included: "I stop once in a while and ask myself questions to see how well I understand what 

I am reading", and "I read quickly through the whole passage to get the general idea before 
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I read it thoroughly". The 10  items on the cognitive strategies subscale (RSU-cog) refer to 

those strategies students use to integrate new material with prior knowledge, that is, strategies 

that students use to learn, remember, and understand the material (Zimmerman & Martinez

Pons, 1 986, 1 988). They include rehearsal, elaboration, and organizational strategies; for 

example, " I learn new words by picturing in my mind a situation in which they occur", and 

"I make an outline of what I am reading". 

Scoring was reversed on four items (3 for cognitive and 1 for metacognitive) that were 

negatively worded for strategy use, so that for all items a high score indicated a higher 

frequency in strategy use. Internal consistency of the scales for the current study (N = 407) 

was high for the whole sample, yielding a Cronbach's alpha of .93 for the RSU-meta subscale 

and .84 for the RSU-cog subscale. Although the reliability estimate for the cognitive strategy 

use subscale was lower than that for the metacognitive strategy use scale, they are in keeping 

with previous research (e.g., Pokay & Blumenfeld, 1 990). One possible explanation for the 

variability in the reliability estimates for cognitive and metacognitive strategy use is that 

students may be more selective in their choice of cognitive strategies than in their choice of 

metacognitive strategies. In other words, reliabilities for metacognitive strategies may be 

higher because their use would be less situation- or task-dependent than cognitive strategies. 

Three self-report strategy use scores were computed for each student. Metacognitive strategy 

use and cognitive strategy use scores were computed by calculating the mean for the items 

in each subscale. A combined strategy use score was computed by summing the mean scores 

of the RSU-meta and RSU-cog subscales. 

8.3.7.2 Taped concurrent interview: Behavioural measure of strategy use 

A second method of assessing students' strategy usage is verbal reporting. Research seems 

to support the use of concurrent reporting (think-aloud protocols) in preference to 

retrospective reporting as being a more reliable measure of students' strategy usage (Ericsson 

& Simon, 1 980). While there is greater support for the think-aloud concurrent procedure, a 

structured approach of a think-aloud procedure was thought to yield more information about 

strategy usage considering the verbal reticence of RD students. One such procedure is known 

as the Think-Aloud Reading Strategy Use Measure (T ARSUM; Pereira-Laird & Deane, 1996). 

The TARSUM was an adapted version of Paris' ( 1991) Think-Along-Passage (TAP) 

procedure. The development of T ARSUM involved a number of pilot tests which were 
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conducted to refme and adapt Paris' interview measure to the present study. The changes 

involved the incorporation of measures of metacognitive strategy use and a monitoring device, 

revision of the scoring procedures, and the creation of textual material of three graduated 

levels of difficulty. These changes are reported in detail in Pereira-Laird and Deane ( 1 996) 

(see Appendix E). The high reliability and validity of this measure was demonstrated by the 

aforementioned authors. The fmal version of the T ARSUM is now described. 

Three instruments, namely a reading passage, a monitoring device called a "bleep" (van 

Kraayenoord, 1 986), and an interview coding form, were required to conduct the taped 

concurrent interview which was designed to measure students' strategy usage. Textual 

material of three graduated levels of difficulty and suitable for reading orally was designed 

for this study. Students were required to read aloud a passage (appropriate for their reading 

age) which was tape recorded by the interviewer. While reading, students were stopped at 

designated points by the interviewer who asked questions that probed their comprehension or 

metacognitive/cognitive strategy use. Interviewers recorded students' answers to the 

comprehension and cognitive/metacognitive strategy use questions on the interview coding 

form. Students used a device called a "bleep" to indicate awareness of monitoring their 

comprehension (by pressing a button). 

(i) Passage 

Three criteria determined the selection of the passage. First, the passage was required to be 

of reasonable difficulty and length so as to provide students with the opportunity to generate 

more strategic responses. A related issue was the confounding effect of task difficulty on the 

generation of strategic responses. Several researchers have noted that oral reading behaviour 

alters significantly when children read at different levels of text difficulty (Blaxall & Willows, 

1 984; Ng, 1979, A. St. George et al., 1985; van Kraayenoord, 1986). In particular, research 

has indicated that flexibility of strategy usage decreases for RD readers as reading material 

increases in difficulty (Blaxall & Willows, 1984). Thus, it was considered important to 

equate difficulty level across groups by having students read at their own "moderately 

difficult" level. Second, the passage selected was required to be typical of the type of 

comprehension exercises frequently used in most reading classrooms at the Form 2 level 

Gunior high). Third, the passage was required to be about an unfamiliar topic. This was an 

important consideration as prior knowledge could negate the need for students to employ a 
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range of strategies when attempting to comprehend the passage and answer the accompanying 

questions. 

The passage, entitled "The Volcano", was obtained from the Neale Analysis of Reading 

Ability Manual (Neale, 1 989) and was considered appropriate for Form 2 children since it has 
been used by other New Zealand researchers (e.g., van Kraayenoord, 1 986). Furthermore, this 

test was not used by participating schools and hence the students had not been exposed to the 

passage before. 

Three versions of the passage were generated and rewritten at three different readability 

levels, in order to exercise some control over task difficulty (see Appendix B, section B.3 . 1 ). 

Prior to generating the versions, six textual irregularities were inserted to measure 

metacognitive strategy use and a third paragraph was appended so as to lengthen the passage. 

The textual irregularities consisted of two textual inconsistencies, two nonsense words, and 

two scrambled words. Essentially the story line was the same for all the versions. Every 

attempt was made to include all information in the three versions and to maintain a 

comparable length. As a result, length ranged from 21 1 to 243 words with small differences 

in the number of idea units expressed (see Appendix B, section B.3 . 1 ). In creating the 

versions, some of the words and sentences from the original passage were rephrased and 

modified to reduce difficulty of the passage. Consequently, the three versions of the passage 

differed only in difficulty of the vocabulary words, with version 1 being the hardest and 

version 3 being the easiest. 

The versions were created so that students reading their version found it moderately difficult 

rather than too difficult or too easy. Previous researchers have used 95% or above in 

accuracy and 75% or above in comprehension for the easy passage (Ng, 1979; Pohl, 1981 ;  

van Kraayenoord, 1 986), and 90% or below in accuracy and 50% or below in cqmprehension 

for the difficult passage (Johns, 1 98 1 ;  A. St. George et al., 1 985; van Kraayenoord, 1 986). 

For this study, a set of criteria had to be determined for a moderately difficult passage. It 

seemed reasonable to set the criteria somewhere in between those set for the easy and difficult 

passage. Hence, for this study, the criteria were set at above 90% in accuracy and above 50% 

in comprehension to be considered moderately difficult. The accuracy score consisted of the 

proportion of correctly read words in a passage expressed as a percentage of the total number 

of words. Errors which had been successfully corrected were not included in the error count. 
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As it was impractical and time consuming to determine the reading age and the appropriate 

version to be used for each student in the main study, it was decided to administer the 

versions according to some preset criteria. The first version was administered to students who 

scored at or above the 70th percentile for PAT Reading comprehension, the second version 

to students who scored at or above the 45th percentile but below the 70th percentile for PAT 

Reading comprehension, and the third version to students who scored below the 45th 

percentile for PAT Reading Comprehension. The high reliability of this procedure was 

demonstrated by Pereira-Laird and Deane ( 1 996) (see Appendix E, Study 2). 

(ii) Monitoring device (bleep) 

An unobtrusive measure of monitoring was sought to determine students' awareness of errors 

in the passage while reading, with minimal disruption in the flow of reading. It was 

considered important that such a measure should only minimally interfere with the cognitive 

processing undertaken during reading. Furthermore, it should have validity in that it was an 

acknowledgement of the student's own awareness of monitoring rather than an inference of 

monitoring that the researcher made on the basis of puzzled looks or the like. 

The bleep was considered a suitable instrument which might fulfill the requirements, and has 

been used by a number of researchers to investigate on-line monitoring (e.g., van 

Kraayenoord, 1 986). It consists of a red button placed on top of a small rectangular 

container. When the button is pressed an audible sound is heard. The students were asked 

to press the button or "bleep" when they came to any errors (textual inconsistencies, 

scrambled words, or nonsense words) in the text. This allowed for subsequent coding of 

monitoring behaviour with minimal disruption of students' flow of reading or cognitive 

processing. 

(iii) Interview coding form 

The interview coding form was used by' the trained interviewers to record behavioural data 

on strategies by following the T ARSUM, which involved students reading aloud to 

interviewers who asked predetermined questions interspersed along the passage. The 

questions were asked at designated points in the passage (indicated by an asterisk); they not 

only probed comprehension, but also queried cognitive strategy use and metacognitive strategy 
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use. The T ARSUM consisted of eleven comprehension, twelve cognition (T ARSUM-cog), 

and nine metacognition (T ARSUM-meta) questions. These questions were contained on the 

left hand side of the interview coding form with several strategies listed opposite each 

cognition and metacognition question so that the spontaneous strategies used by the students 

could be recorded (see Appendix B, section B.3 .2). 

The comprehension questions (part a of questions) assessed students' ability to identify the 

theme of the "Volcano" passage, to make a prediction or an inference within the passage, to 

decipher the meaning of a unique word, and to provide a concise summary of the passage. 

The maximum score obtainable for each comprehension question is found on the interview 

coding form, beside the question. 

The cognition questions that followed students' answers to each comprehension question were 

designed to reveal the cognitive strategies that students used. Examples of cognitive 

strategies that were examined included: rereading, predicting based on context clues, and using 

prior knowledge. The cognition questions (part b of questions) were usually in the form 

"How did you know this?", "Why do think that?", "How could you tell?", or "How did you 

get your answer?" The question "How did you go about looking for the answer?" was used 

for students who reported not knowing the answer to a comprehension question. This question 

was designed to reveal the cognitive strategies students used in their attempt to locate an 

answer. 

For each cognition question, interviewers assigned the response one point for each appropriate 

cognitive strategy verbalised by the student. Subjects were not awarded any points for 

appropriate strategies that were observed by the interviewer but not verbalised by the subject 

(e.g., scanning text, looking at title, rereading silently). This avoided the interviewer making 

subjective inferences. 

The metacognition questions assessed two types of activities involved in metacognitive 

strategy use: monitoring and planning. Evaluation strategies, which are also a form of 

monitoring, were also measured. Monitoring questions were asked at designated points where 

the previous segment just read contained textual inconsistencies, nonsense or scrambled words. 

Planning and evaluation questions were asked after the passage was read. 
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To assess monitoring strategies, the passage was modified to include two sets each of textual 

inconsistencies, scrambled words, and nonsense words. Such a method has been used quite 

extensively by researchers to monitor comprehension (Bos & Filip, 1 984; Zabrucky & Ratner, 

1 986). Students used a monitoring device (a bleep) to indicate any errors and disruption of 

understanding as they read the passage. Such a device allowed comprehension monitoring 

to be studied without disrupting the student's flow of reading. 

For the monitoring questions, students were asked "Why did you bleep?" or "What are you 

thinking here?" depending on whether they bleeped. (The second question was asked to take 

into account students who forgot to bleep but who may have been aware of the error in the 

text). Two of the six monitoring questions were followed by prompts. The monitoring 

questions assessing the first textual inconsistency and nonsense word were followed by 

prompts ("Do you agree with the sentence?" or "Is there such a word as urgsy?") for students 

who did not show awareness. Irrespective of whether students bleeped or not, two points 

were awarded for every verbalisation of awareness and correction by the student of scrambled 

words or textual inconsistency without prompting. Students were awarded only one point if 

they indicated awareness that something was wrong but were not able to correct the error or 

showed awareness and correction only after being prompted. One or two points were awarded 

for a verbalisation of awareness of the nonsense words depending on whether students were 

prompted (see Table B 1  in Appendix B, section B.3.3). 

The planning activity of metacognitive strategy use was assessed by an evaluation of the 

students' recall and summary of the story. A student who has planned the answer well is 

likely to deliver the main points and organize the ideas in recall. It is unlikely that the 

student is metacognitively aware if he or she knows that relating main points is a useful 

strategy but uses it indiscriminately by mentioning the irrelevant points and details, or presents 

the points in a disorganized manner. Hence, students were awarded one point if they had 

listed most of the main points in an organized manner. An answer was considered planned 

if the key points related by the student followed in a similar and logical order to that 

presented in the story. 

To assess evaluation activities of metacognitive strategy use, two questions were generated. 

The first assessed students' subjective evaluation of difficulty of the passage they had read, 

and the second assessed students' evaluation of the accuracy of their answers to the 

comprehension questions; The first evaluation question asked students which of the three 
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paragraphs they found hardest to read. An objective measure of student's difficulty of each 

paragraph was determined by calculating students' accuracy in reading each paragraph. One 

point was awarded if the paragraph mentioned by the student was read less accurately than 

the other paragraphs. If students had similar accuracy across paragraphs, mean comprehension 

scores (converted to z-scores) for each paragraph were used as an alternative criterion. The 

second evaluation question asked students to indicate which of the 1 1  comprehension 

questions they had answered correctly. Students were awarded one point for each correct 

evaluation and zero points for incorrect evaluation. Due to the limited time available during 

the interview, judgements as to whether subjective and objective evaluations matched were 

made by the primary researcher after the interview, with interrater reliability subsequently 

assessed by an independent rater (see section 8.4.3 .3). 

In summary, the TARSUM was used to provide a second measure of strategy use. The 

questions, found on the interview coding form, were designed to probe comprehension as well 

as cognitive/metacognitive strategy use. The cognition questions, which usually followed the 

comprehension questions, were designed to examine a variety of cognitive strategies (e.g., 

predicting, using context clues). A number of indicators of metacognitive strategy use were 

also examined: (a) monitoring understanding when faced with textual inconsistencies, (b) 

monitoring errors and meaning when faced with scrambled words, (c) monitoring meaning 

when faced with nonsense words, (d) planning the summary of the story, (e) evaluating the 

difficulty of the paragraphs, and (f) evaluating how successful students were at answering the 

comprehension questions of the passage. 

Three strategy use scores were computed for the interview measure. A cognitive strategy use 

score was computed by adding the scores of the twelve cognition questions. A metacognitive 

strategy use score was computed by adding the scores of the nine metacognition questions. 

Combined strategy use was calculated by summing the cognitive and metacognitive strategy 

scores. 

8.4 Procedure 

8.4.1 First Phase 

The first phase involved sample selection (details presented under section 8.2). Parental, 

child, and school consent were obtained for students who were involved in the initial 
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screening and for students who were selected to participate in the study. Both parents and 

students were informed that the students would be questioned about their reading practices . 

.Information and consent sheets are provided in Appendix A. 

8.4.2 Second Phase 

The second phase was conducted within one week of the first phase. This phase involved 

administering two self-report questionnaires, Reading Questionnaire I (RQI) and Reading 

Questionnaire II (RQII), which examined adolescents' attributional style, self-efficacy, 

metacognitive knowledge, and use of cognitive/metacognitive strategies in the domain of 

reading (see Appendix B, sections B. 1 and B.2). Testing took place during two 45 minute 

sessions with both questionnaires administered within a period of one week; RQI was 

administered in the first session and RQII was administered in the second. Students in each 

school were tested in groups of 1 5  to 20, irrespective of their reading ability. The 

questionnaires were read out to each group by the researcher for each session to ensure 

standardized presentation and to minimize students' reading difficulties. Students were 

instructed to raise their hands if they had difficulty in understanding an item or wanted a 

particular item repeated. The students were continuously observed in order to ensure that they 

were comprehending what was being read out and that they were attentive during testing. At 

the end of each questionnaire session, students were instructed to check that all items had 

been answered. After the questionnaires were returned the researcher also ensured that all 

items were answered by each student. When an item was missed, the researcher would 

approach the student on the same or next day for it to be completed, provided the student was 

willing. 

In RQI, the cognitive/metacognitive strategy use (RSU) and self-efficacy (GRSE) items were 

presented in section 1 .  The items were presented in a random order to avoid response set. 

The MSI Scale was presented in section 2 followed by the CDS in section 3 .  The self-report 

strategy use measure was presented before the metacognitive knowledge items so as not to 

cue students about potentially useful strategies. 

Before section 1 was administered, students were given a short training sequence to 

familiarize them with the use of the 7-point Likert scale. The instructions (for example, 

"there are no right or wrong answers to these questions") and sample items were designed to 
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encourage students to use the full range of responses on the questions. The sample item "I 

really like spinach", where many children endorsed strongly the "negative" end of the Likert 

scale and where the researcher endorsed the "positive" end, was included to impress upon the 

students not to give socially desirable responses and illustrated the idea that there were no 

right or wrong answers to these questions (Assor & Connell, 1992). 

In the second section, a sample item was used to illustrate the response format (multiple

choice) of the metacognitive knowledge scale. Students were instructed to put a circle around 

the letter in front of the best answer to the question. For the third section, students were 

familiarized with the format of the scale. Students were instructed to think of two to three 

main reasons why they were successful/unsuccessful in reading and then to rate the extent to 

which these causes, in general, fell on the attributional dimensions. 

In administering RQII, students were again reminded to use the full range of the response 

scale. Students were again familiarized with the question formats in each section of RQII 

before proceeding to answer the items. The task-specific measure of self-efficacy (TRSE) 

was presented in section 1 .  Efficacy was measured using a 100 point scale with 1 0-unit 

intervals. Students initially received practice by judging their certainty of successfully 

jumping progressively longer distances. In this concrete fashion, students learned the meaning 

of the scale's direction and the different numerical values. The IRA, a measure of reading 

metacognitive knowledge, was presented in section 2. 

8.4.3 Third phase 

The third phase was conducted within two weeks of the second phase. In this phase, one-to

one interviews following the procedure of T ARSUM, which typically took 25 minutes to 

complete, were conducted to provide a second measure of students' use of strategies. The 

interviews with each student, were conducted by the researcher and four trained interviewers 

who were all postgraduate psychology students. The interviewers were familiarized with the 

procedure, notation (for recording oral reading behaviours), and the strategy types (see 

· Appendix B, section B.3 .4, Table B2, for definitions of each strategy type). Detailed verbal 

explanations were provided to the interviewers and any points of confusion were clarified. 

The interviewers then listened to a recording of one of the interview sessions (which was pilot 

tested with a student not included in the study) and were asked to transcribe the session onto 
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the interview coding forms. Points of confusion and disagreement were discussed and 

clarified. 

8.4.3.1 Training session for using the bleep 

Students came to the interview room individually. An attempt was made to initially set them 

at ease through brief conversation about recent school activities. Students were then given 

a short training session to familiarize them with the use of the monitoring device ("bleep"). 

Instructions: 

Today I want to hear you read a passage. While you are reading, you will be using 

a "Bleep" [Press the bleep button] . 

This machine is a "Bleep ". I want you to place this on the table close to you and 

keep one finger on the button. (Show the child the button. Comment that it's like 

a Space Invaders game). While you are reading aloud, I want you to push the button 

when something is not right with the sentence. (Give the sentences without the 

asterisks to the student. Ask the student to read aloud). 

Sentence 1 :  One day a boy went out for a walk. On his way, he saw a dog. The dog 

began to him· chase. The boy started to run away from the dog. The dog 

boinkrad" angrily at the boy. The boy was frightened of the cat" . Luckily, 

his friend came to help him with wooden stick a big·. 

[The button should have been bleeped at the points marked with an asterisk.] 

If the student did not bleep at the appropriate points, the student was told where he/she should 

have bleeped and why. The interviewer then demonstrated this by reading aloud and bleeping 

at the appropriate points. Students were then asked to try a further two sentences. 

Sentence 2: The lady looking· was pet for her daughter. She thought of buying a cute 

little puppy. She paid $ 12.00 for the puppy. Her daughter was happy with 

the kitten· and soinked· after it well. 
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Sentence 3 :  The lady liked to pick flowers. Everyday she croit • flowers for her garden. 

Sometimes she the· gave flowers to a friend. Her enemy· liked the flowers 

too. 

[The button should have been bleeped at the points marked with an asterisk.] 

During each trial the interviewer observed whether or not the button was pressed at the 

appropriate points. If the button had not been pressed, the student was asked to consider the 

sentence again and indicate where a bleep should have been made. Students were also asked 

what was wrong at each point. The interviewer ensured that students knew when to press the 

bleep before proceeding to th� next step. 

8.4.3.2 Interview 

Following the training session, for each student, the interviewer placed the appropriate version 

of the passage in front of the student. The interviewer had a similar passage to refer to while 

the student was reading. Students were then instructed to stop at designated points indicated 

by an asterisk on the passage, where they were asked questions designed to reflect their 

comprehension and use of strategies. 

Instructions: 

I want you to read this passage out loud I will be tape recording our voices as I 
will not be able to remember everything you say. Please don 't be nervous. 

The passage will have some asterisks like this (show the student) at the end of some 

sentences. I would like you to stop at these points as I will be asking you some 

questions. If you come to a word that you don 't know try your best. I cannot help 

you. Remember this is not a test, so you can look back at the passage when you are 

answering the questions, if you wish. Don 't forget to use the bleep when you come 

to something that is wrong. Please keep your finger on the button while you are 

reading. Right let 's start. [Switch on tape recorder] . 

While the student read each segment of the passage, the interviewer indicated on his/her copy 

of the passage the points where bleeps, errors, successful and unsuccessful self-corrections 

were made by the student. Each time the student bleeped for a segment of text read, the 
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interviewer would ascertain the student's  reasons and record them on the interview coding 

form. 

While the student answered the prescribed questions, the interviewer scored the student's 

answer to the comprehension question and recorded the presence of each strategy (by placing 

a tick in the list given) articulated by the student. If the strategy mentioned was not listed, 

it was described in the "other" category. Students were instructed to continue reading the next 

segment after answering the questions at each designated point. If they failed to stop at the 

designated points, they were reminded to do so. 

Encouragement was given for effort made and if a student was fully aware that he/she had 

done poorly on a question, the interviewer would say, "Many students find this one hard, 

don't worry". However, no indication was given as to whether their answers to the 

comprehension questions were right or wrong so as not to invalidate subsequent attempts to 

evaluate their responses to the comprehension questions. If the student's  answers were 

unclear, the interviewer would request more detail with prompts such as "How do you mean?'' 

or "Tell me more about it". 

For each cognition and metacognition question, the interviewers recorded the presence and 

categorisation of each strategy as it occurred while questioning the student. All interview data 

were coded and scored by the researcher to obtain a total score each for comprehension, 

cognitive strategy use, and metacognitive strategy use based on the transcriptions and tape 

recordings. 

8.4.3.3 Reliability 

Fifty percent of each interviewer's coding forms (n = 1 98) were randomly subjected to 

reliability checks by the researcher. Reliabilities for occurrence and categorisation of 

strategies were calculated using the point-by-point percentage agreement method (Cooper, 

Heron, & Reward, 1 987). Interrater agreement was calculated on a question-by-question basis 

by dividing the number of agreements by the number of agreements plus disagreements, 

multiplied by 1 00. 

Mean interrater agreement for the occurrence and categorisation of cognitive strategies was 

99.4% (range 98.2% - 100%) and 90.6% (range 87.0% - 93.5%), respectively. Mean 

interrater agreement for the occurrence (M = 1 00%) and categorisation (M = 98. 1%, range 
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= 96.9% - 100%) of the monitoring and planning strategies was higher than for cognitive 

strategies. Interrater agreement for combined cognitive and metacognitive strategy use 

(monitoring and planning strategies only) was also calculated. Interrater agreement was 

99.7% (range = 99. 1 % - 100%) for the occurrence of a strategy, and 94.4% (range = 93.5% -

95.5%) for categorisation of a strategy. Interrater agreement was also sought for 

comprehension scores, bleeps, and for oral reading behaviours. Similar to procedures used 

in van Kraayenoord ( 1 986), interrater agreement on oral reading behaviours consisted of the 

number of uncorrected errors and the number of successful and unsuccessful self-corrections 

where there was agreement as to the site of the error or self-correction. Mean interrater 

agreement was 95.7% (range = 94.9% - 97.0%) for comprehension scores, 1 00% for bleeps, 

97.5% (range = 96.4% - 98.3%) for successful self-corrections, 97.6% (range = 97. 1 %  -

98.4%) for unsuccessful self-corrections, and 98. 1% (range = 96.9% - 99.0%) for uncorrected 

errors. The percentage agreements for the oral reading behaviours compare favourably with 

reliability in other New Zealand studies (Clay, 1 973 ; van Kraayenoord, 1 986). In addition, 

the fmding that more bleeps occurred at expected points (83 .4%) provided a validity check 

that students were using the bleep correctly. 

Reliability checks for the aforementioned categories were again made using an independent 

rater, a postgraduate psychology student who was not one of the original interviewers. 

Interrater agreement on the evaluation activities of metacognitive strategy use was also 

collected. The independent rater received the same training as the other interviewers. 

Ten percent of the 396 recordings (n = 40) were randomly selected for the reliability check. 

Comparisons of agreement were made on several variables using the reliability formula as 

used previously. The percentage agreement between raters is as follows: 99.0% and 93 .9% 

for the occurrence and categorisation of cognitive strategies, respectively; 1 00% and 98.3% 

for the occurrence and categorisation of metacognitive strategies, respectively. In addition, 

interrater agreement for combined strategy use was calculated; 99.5% for occurrence of a 

strategy, and 96. 1 %  for categorisation of a strategy. Interrater agreement for oral reading 

behaviours included: 95.8% for comprehension scores, 98.2% for successful self-corrections, 

97.6% for unsuccessful self-corrections, and 99.2% for uncorrected errors. 

\ 
Procedural validity was also assessed by the researcher and the independent rater in terms of 

the appropriateness of the interviewer's verbalizations during the taped section of the 

interview. Interviewer verbalizations were categorized into correct prompts, incorrect prompts 

and other verbalizations. Incorrect prompts occurred when (a) student' s  comprehension 

answers were prompted or corrected, (b) the interviewer gave some indication that the student 
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had answered the question correctly, (c) the interviewer prompted the student as to type o f  

strategy that had been used, or (d) the interviewer had prompted the student to bleep at the 

appropriate points. Other verbalizations referred to student verbalizations, and interviewer 
\ 

verbalizations which were not related to the T ARSUM. 

Each verbalisation was categorised and recorded using 1 5-s intervals in a partial-interval 

recording procedure (Cooper et al., 1 987) for five minutes of 1 0% of the audiotaped sessions 

(n = 40). The five minute segments were randomly selected from each 25 minute interview 

session. Rater agreement was calculated on an interval-by-interval basis using point-by-point 

agreement ratio method (Cooper et al., 1 987). High validity was indicated as 97. 1 %  of the 

interviewer verbalizations were correct, 1 .  9% were incorrect, and 1% were other 

verbalizations. There was 1 00% interrater agreement on the occurrence of interviewer 

verbalizations. 

8.5 Data analyses 

Data were analyzed in several steps. First, after checking for assumptions of multivariate 

normality, univariate statistics for each variable were computed. In addition, the degree of 

relation between variables was calculated using Pearson product-moment correlations. 

Second, a discriminant analysis was performed to determine whether RD could be 

differentiated from NA readers on the basis of the following variables: success/failure 

attributional dimensions, self-efficacy, metacognitive knowledge, and metacognitive/cognitive 

strategy use. The analysis also provided validation data for the multidefmitional procedure 

used in this study for selecting RD adolescents. 

Third, structural equation modelling procedures based on the analysis of covariance structures 

were used to test the plausibility of four postulated causal systems presented in Figures 4 

through 7 (see Chapter 6). More specifically, multisample analyses were conducted with the 

LISREL 8 software package (Joreskog & Sorbom, 1 993). This conStituted the principal 

method of data analysis. In using structural equation modelling procedures, researchers must 

clearly specify the assumptions made in formulating both the measurement and structural 

models. In the present study, each factor in the measurement model was formed using 

indicators described in section 8 .3 .  In addition to testing each general hypothesized model, 

a number of competing models were evaluated with each general model as suggested by 

MacCallum ( 1986) and J. C. Anderson and Gerbing ( 1 988). Several statistics were used to 

evaluate model fit. 
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CHAPTER 9 

RESULTS 

This chapter is divided into two main parts. The first part has two sections which comprise 

a descriptive and correlational analysis of the data. This is followed by discriminant analysis 

of the data in order to determine the validity of the selection procedures in defining reading 

disabled adolescents. This analysis was also conducted to identify which predictors combined 

effectively to distinguish between normal achieving and reading disabled adolescents. The 

second part of the chapter presents multisample LISREL analyses of the four hypothesized 

models with normal achieving (NA) and reading disabled (RD) students. It represents the 

main analyses of this dissertation. Initially, a description of the preliminary LISREL analyses 

is provided, followed by a description of the analyses for the measurement and structural parts 

of the four hypothesized models. Supplementary analyses of the four hypothesized models 

were also conducted and are presented at the end of this chapter. 

9.1 Descriptive statistics and correlations 

All variables were examined for missing values and for normality distributions for 

assumptions of multivariate analysis. The variables were examined separately for the RD and 

NA reader groups. A small number of missing cases occurred in the behavioural strategy use 

and the classroom reading performance measures. No missing values were found on the self

report measures. Missing values were dealt with through listwise deletion of cases on each 

analysis. Listwise deletion led to the omission of 2 cases for analyses of Model 1 resulting 

in 203 cases for NA readers and 202 cases for RD readers. For analyses of models 2, 3, and 

4, listwise deletion led to the elimination of 10 cases resulting in 1 99 cases for NA readers 

and 1 96 cases for RD readers. For LISREL analyses, these sample sizes were considered to 

be moderate and are close to Boomsa's ( 1 985, 1987) and Hayduk's ( 1 987) recommendation 

of 200. Furthermore, the ratio of cases per parameter estimated (6.8 : 1  for Model 1 ;  5 .3 : 1  for 

Model 2; 4.2 : 1  for Model 3 ;  and 4.8 : 1  for Model 4) for each model were close to the 5 cases 

per parameter guideline suggested by Bentler and Chou ( 1 987). 
\ 

Evaluation of univariate distributions and outliers for each group indicated that all variables 

met univariate normality of distributions, except for 2 variables (WISC-R and PAT Reading 
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Comprehension) in the RD reader group which were moderately kurtotic. As a result of 

selection procedures employed in this study, it was expected that there would be departures 

from normality for these measures in the RD reader group considering that these readers 

generally fall at the lower end of the normal IQ range and have low scores in reading. 

However, maximum likelihood solutions are known to be fairly robust to departures from 

multivariate normality (Bollen, 1989). As such, these variables did not warrant 

transformation. 

Evaluation of multivariate assumptions of normality was achieved by examining the properties 

of the residuals using multiple regression analysis. More specifically, residual analyses were 

conducted when all variables were regressed on each of the achievement measures. 

Assumptions of normality of distribution, homoscedasticity and independence of residuals 

were all met and there was no evidence of curvilinearity. Examination of standardized 

residuals indicated there were no multivariate outliers. These data demonstrated multivariate 

normality and thus met one of the assumptions underlying the use of maximum likelihood 

estimation of latent variables. 

Means, standard deviations, and reliability estimates (as measured by Cronbach's  alpha) for 

all the indicators are shown separately for each group in Table 5. Examination of Table 5 

shows four main features, described below: 

1 .  . On average RD readers scored consistently lower than NA readers across all measures. 

NA readers tended to be more efficacious, adopted an adaptive attributional style with 

regard to success and failure outcomes, were knowledgable about reading and engaged 

in more strategy use than RD readers. Independent between group t tests indicated that 

in all cases the observed differences were statistically significant (p :S .0001 ). 

2. While standard deviation estimates were generally comparable across groups there is 

evidence that for some measures, particularly task-specific efficacy, PAT reading 

comprehension, and IQ, the variances were more constrained in the RD reader group. 

This is predictable given the group selection procedures that were used. 

3 .  Reliability estimates (as measured by Cronbach's alpha) of each reader group suggest that 

all measures were of moderate to high reliability with alpha values ranging from .54 to 

.89. As expected, the metacognitive knowledge measures had somewhat lower alpha 
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coefficients smce they measured different aspects of metacognitive knowledge for 

reading. The reliability estimates of the metacognitive knowledge measures are similar 

to those obtained in previous studies (e.g., McLain et al., 1991 ). It is felt that such 

reliabilities provide further justification for the use of structural modelling with latent 

variables in that this procedure directly addresses the use of unreliable measures (Hull 

& Mendolia, 1 991) .  

Table 5. Means and standard deviations of variables i n  the NA and RD reader groups 

LA TENT CONSTRUCT NA readers RD readers overall 
with indicators reliabilitY 

code name M SD reliabilitY M SD reliabilitY 

ATTRIBUTIONS 
Success 

Intemality inters 1 6. 1 7  2.80 .65 9.20 3 .02 .71 .87 
Controllability contros 1 6.4 1 3 .23 .8 1 7.33 2.69 .65 .92 
Stability stabs 1 5.94 3 .23 .79 7.86 2.57 .65 .9 1 

Failure 
Intemality interf 1 4.32 2.84 .78 10.49 3.95 .84 .93 
Controllability controf 1 6.39 2.56 .68 7.32 2.99 .78 .93 
Stability stabf 1 6.59 2.59 .72 8.34 3 . 19 .8 1 .92 

EFFICACY 
General effica 5.36 0.93 .87 3.07 0.64 .64 .93 
Task-specific efficb 68. 1 9  1 6. 1 8  .89 30.09 1 1 .77 ·.83 .95 

MET A COGNITIVE 
KNOWLEDGE 
Measure 1 msi 1 3 . 1 3  3.70 .65 8.96 3 .45 .59 .72 
Measure 2 ira 24.87 3.61 .57 19.95 4.32 .54 .68 

STRATEGY USE 
self-report metacognitive m eta 4.75 0.89 .82 2.63 0.68 .76 .93 
behavioural metacognitive metb 1 8.43 3.89 1 5.32 3.92 
self-report cognitive cog a 4.69 0.78 .71 3.34 0.81 .74 .84 
behavioural cognitive cogb 1 2.05 1 .67 9.77 2.13 
self-report combinedb strati 9.44 1 .45 .84 5.96 1 .28 .82 .94 
behavioural combinedb strat2 30.47 4.85 25.08 5 .25 

PERFORMANCE 
PAT Comprehension pat 63.89 1 8.53 20.60 12.79 
classroom class 67. 1 0  1 4.93 37.64 15 . 17  

ABILITY 
WISC-R iq 1 02.95 9. 1 7  95.58 8.12 

Means and standard deviations were based on listwise deletion; n-1 99  for N A  readers and n-196 for RD readers. 
• Cronbach's alpha was estimated for most of the self-report measures; however, item level data was not available to calculate reliability 
for the performance and ability measures. Reliability data for the behavioural measures is provided in the form of interrater reliability (see 
Chapter 8, section 8.4.3.3). 

' 

• Combined strategy use refer to the global use of both cognitive and metacognitive strategies. 
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4. The internal reliability estimates for the whole sample, for all measures except for 

metacognitive knowledge, were very high ranging from .84 to .95. These reliabilities of 

the manifest variables were higher than those estimated for the subsamples. This 

discrepancy in the reliability estimates could be explained as follows. Since the 

reliability of a test reflects both real individual differences and measurement fluctuations, 

if everyone were al�e, the only measurable differences among them would be due to 

error variance (J. R. Graham & Lilly, 1 984). Thus, for example, the same attributions 

measure when used with a highly selected group should have a lower reliability when 

students are more similar (i.e., there are few individual differences) than in a group 

where less restriction of range of real individual differences is found. Comparison of 

reliability estimates across groups indicated that, with the exception of failure 

attributions, the .reliability estimates for the indicators were generally higher for NA than 

for RD readers. 

The matrix of correlations among the measured variables for each of the models is presented 

separately for each group in Tables F1  - F3 in Appendix F. These correlations present in 

standardized form the covariance data used in the LISREL analyses. All correlations between 

attributions, efficacy, metacognitive knowledge, strategy use, and performance measures were 

statistically significant (p :S .005). In Table F2 mean intercorrelations were .62, .60, .50, .66 

and .68 respectively for the indicators of attributional style, efficacy, metacognitive 

knowledge, combined strategy use, and performance for NA readers. Mean intercorrelations 

for RD readers were .52, .47, .46, .65 and .60 respectively for the indicators of attributional 

style, efficacy, metacognitive knowledge, combined strategy use, and performance. In 

general, there were reasonably high intercorrelations among the indicators of the same 

construct which suggests convergent validity, whereas the intercorrelations among indicators 

of different constructs were generally moderate in size, which suggests discriminant validity. 

For instance, in each group, the intercorrelation between the indicators of combined strategy 

use was higher (r = .66 for NA readers, r = .65 for RD readers) than the intercorrelations of 

these indicators with indicators of other constructs (r = .30 - .61 for NA readers, r = . 13 -.59 

for RD readers). 

In general, Tables F 1  through F3 indicate that the majority of the correlations were moderate 

in magnitude and statistically significant. Thus, considerable common variance existed for 

the structural analyses. The correlations amongst the manifest variables for RD readers were 

weaker than those for NA readers. The correlations of the performance measures are worthy 
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of note. A methodological problem with research relating classroom performance scores to 

standardized scores for reading is that there is usually less error in the standardized scores. 

This is because schools vary in the level and complexity of tasks assigned to students. 

Furthermore, tasks assigned to RD readers are likely to be easier than those assigned for NA 

readers. Thus, for example, in the present study, the classroom measure showed lower 

correlations with the other variables as compared to the standardized PAT scores for both 

groups. Furthermore, classroom performance ofRD readers generally correlated less strongly 

with other variables when compared to NA readers. 

Another fmding that was notable was that the correlation between ability and reading 

comprehension was much lower than expected when compared to previous research of L. J. 

Horwood (personal communication, August 23, 1 994). In Horwood's research, the observed 

correlations between the full-scale WISC-R scores and PAT reading comprehension was in 

the region of .60, compared to the correlation of .40 for NA readers and .2 1 for RD readers 

observed in the present study. There may be two explanations for this. First, the reliability 

of the short-form WISC-R used in the present study is lower than that reported for the full 

scale IQ, and this would have the effect of attenuating the observed correlations between the 

WISC-R and PAT scores. Second, the low correlations may be a function of the selection 

procedures that were used in the present study. One of the selection criteria involved 

choosing students if they had IQ scores of 85 or above. This procedure would have had the 

effect of constraining the variance of the ability measure within groups, and thus of producing 

lower than expected correlations with the performance measures (cf. Prior et al., 1 995). The 

lower correlation between IQ and performance for RD readers was expected, as empirical 

evidence has indicated that the aforementioned relationship is severely attenuated for RD 

children (S. Graham & Harris, 1 989; Stanovich, 1 986a; Swanson, 1 991b). 

9.2 Validation of selection procedures in defining RD students 

Before testing the four hypothesized models, it was considered necessary to determine whether 

the multidefmitional assessment approach used in the present study was valid in distinguishing 

RD and NA readers. If  classification is valid, then predictable differences between the two 

groups should emerge on variables not used to form the groups. In general, research has 

indicated that NA and RD readers differ in their motivational, cognitive, and metacognitive 

characteristics. Consequently, a stepwise discriminant analysis was performed to assess 
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whether NA readers could be differentiated from RD readers on the basis of the means of 6 

variables explored in this study: attributions for success, attributions for failure, self-efficacy, 

metacognitive knowledge, metacognitive strategy use and cognitive strategy use. Only 

variables that were not used in the sample selection procedures were included. In order to 

remove the effect of differing scales of the discriminating variables from the model, 

standardized scores were used. As multiple measures were available for each construct, they 

were aggregated to form one variable for each construct. The dimensions of intemality 

(locus), controllability and stability for success attributions were summed and divided by three 

to provide an aggregate mean score for success attributions. A similar procedure was used 

for failure attributions. Aggregate mean scores of self-efficacy, metacognitive knowledge, and 

cognitive/metacognitive strategy use were formed by summing the scores of their respective 

indicators and dividing by two. 

A significant discriminant function was found (Wilks A. = 0.21 ,  x2(5, N = 395) = 608.92, p 
:S .0001)  that explained 79% of the variance. From a multivariate perspective, 5 of the 6 

discriminant variables were significant when a stepwise discriminant analysis was conducted. 

Table 6 shows the variables which discriminated most significantly between NA and RD 

readers along with their associated standardized coefficients. A combination of motivational 

beliefs, metacognitive knowledge, and cognitive strategy use were necessary in differentiating 

NA from RD readers. 

Table 6. Results of discriminant analysis 

Discriminating variable 

attributions for success 
self-efficacy 
attributions for failure 
metacognitive knowledge 
cognitive strategy use 

All discriminating variables were significant at p :S .000 I .  

Wilks' 
lambda 

029 
0.24 
0.22 
0.2 1 
0.2 1 

standardized canonical 
discriminant function 

coefficient 

0.43 
0.56 
0.4 1  

-028 
0.06 

Examination of the standardized canonical discriminant function coefficients indicated that 

motivational beliefs, metacognitive knowledge, and cognitive strategy use were predictive of 

the discriminant function. Efficacy and success/failure attributions were more significantly 

predictive of the discriminant function than metacognitive knowledge and cognitive strategy 

use. Moreover, these motivational variables were similar in their discriminating strength. The 
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standardized canonical discriminant function coefficients take into account the intercorrelations 

of the variables and provide predictive information about good and poor performance in 

reading. 

Results of the classification analysis indicated that 95.20% of the students could be accurately 

classified on the basis of the single discriminant function (see Table 7). This model displayed 

considerable accuracy in classifying NA and RD readers. 

Table 7. Classification results from discriminant function analysis: Group membership percentages 
predicted by the function 

Actual Group 

NA 

RD 

No. of 
cases 

199 

197 

Predicted Group Membership 

NA RD 

93.5% 6.5% 

3.0% 97.0% 

All assumptions for this analysis were met except for the equality of covariance matrices 

across groups. The analysis yielded a significant Box's M (p :::; .000 1 ). However, considering 

that the Box's M test is sensitive to departures from normality and that consistent results 

regarding the discriminating variables were obtained across the multivariate statistics, the 

violation of the asswnption of equality of covariance matrices may not present much concern. 

In summary, it can be concluded that metacognitive, cognitive, and motivational factors 

combine effectively to distinguish between NA and RD readers. These fmdings provide 

support for the validity of the multidefmitional approach that was employed in this study for 

defming RD adolescents. 

9.3 Model testing 

Four models, each with two groups, were developed to compare the relationships amongst 

motivational, cognitive, and metacognitive characteristics ofNA and RD readers in predicting 

reading comprehension performance. The models were tested using the most recent version 

of LISREL, LISREL 8 (Joreskog & Sorbom, 1 993), and methods of maximum likelihood 

estimation. The use of the most recent version ofLISREL was considered important as major 
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advances and changes have occurred in later versions making much of the earlier LISREL 

work outdated (Fassinger, 1987). 

In the present study, the first model most closely represents Carr et al. 's ( 1991)  formulation. 

This model was tested in an attempt to replicate most of their fmdings. Model 1 tested the 

plausibility of a causal system comprising the latent variables of ability, attributional style, 

self-efficacy, metacognitive knowledge, and reading performance. The second general model 

represents an extension of the first model by incorporating the construct, combined strategy 

.use (cognitive and metacognitive combined). Model 2 served as a basis for the development 

of Models 3 and 4. The third model, an extension of Model 2, involved examining the 

influences of the latent variables on the separate components of combined strategy use. 

Model 4 involved examining the separate effects of success and failure attributions on the 

other latent variables. All of the specified structural relations in the four models were 

unidirectional and positive (see Chapter 6, Figures 4 -7). 

A multisample comparison approach, which involves estimating the model for the two groups 

simultaneously, and testing the equality or inequality of estimates of particular parameters in 

the different groups, was used in this study. It should be noted that variance-covariance 

matrices (as opposed to the correlations that were presented in Tables F l  - F3 to facilitate 

reader' s  interpretation) were used in modelling the data. A number of indices were examined 

to evaluate model fit. These include the chi-square values, and their associated degrees of 

freedom and probability levels for the models. In addition, the goodness-of-fit index (GFI), 

the normed fit index (NFI), the parsimonious normed fit index (PNFI) and the standardized 

root mean square residual (RMR) were also examined. The reader is reminded that good 

model fits are indicated by (a) small values of chi-square, (b) large statistically nonsignificant 

probability values (i.e., � .2) associated with the model chi-square, (c) values approaching 1 

for the GFI, NFI, (d) moderate values of PNFI and (e) values below . 1  for the standardized 

RMR (Bollen, 1 989; Hair et al., 1992; Hayduk, 1 987). 

In addition to testing each general hypothesized model, a number of competing models were 

evaluated with each hypothesized model as suggested by MacCallum (1986) and J. C. 

Anderson and Gerbing (1988). It was argued earlier (see Chapter 7, section 7. 1 .6) that a test 

of competing models was necessary, given that a model that fits the data may not represent 

the "best" or "correct" model (Joreskog & Sorbom, 1993). The competing models differed 

from the hypothesized models in that certain parameters representing relations between 
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constructs were constrained or freed. Such a set of models can be said to be nested. James, 

Mulaik, and Brett ( 1 982) have discussed the need for the development of a sequence of tests 

for nested models prior to actually conducting the analyses to avoid "exploring" the data. 

Accordingly, each model serves as a basis of comparison for those prior to it in the sequence, 

and as such, must differ by having additional parameters constrained, or freed. Since the 

difference between two chi-squares is also distributed as a chi-square, hierarchically nested 

subsets of models can be compared in order to examine whether the constraining (or freeing) 

of parameters significantly improves goodness-of-fit. The null hypothesis is that the restricted 

parameter(s) equals zero, and a chi-square difference test is used to test the hypothesis. Under 

these conditions, a comparison of any two sequential models serves as a test of the importance 

of the restricted parameter(s). 

9.3. 1 Preliminary LISREL analyses 

Problems can be encountered with early attempts to fit large models containing multiple 

indicators. Nonconvergent models can result from sampling fluctuations in covariance 

matrices or from inconsistencies among multiple indicators (J. C. Anderson & Gerbing, 1 984; 

Boomsa, 1 982, 1 985; Hayduk, 1 987). Hence, it can be helpful to start with a few well

established indicators, particularly for large models such as the ones tested here (Hayduk, 

1 987). 

In accordance with the recommendation of Lomax ( 1 983), preliminary LISREL analyses of 

Models 1 through 4 were conducted with the NA and RD groups independently. This 

provides some indication of possible group differences. Initially, for each group, the model 

was developed in a stepwise fashion by introducing additional variables one by one, to "get 

a feel" for the inadequacies of the indicators and the model. Hayduk (1 987) suggested that 

by building models incrementally, one can eliminate many sources of problems with fit and 

indeterminancies. Indeterminancies can result from collinearity and multicollinearity, and 

impossible estimates such as negative variances. Sometimes indicative of identification 

problems are matrices for which no inverse can be found (i.e., a singular matrix or one with 

a zero determinant). 

Lomax ( 1 983) suggested that after testing each sample independently, a "fmal" LISREL model 

that will be used in the multisample analysis should be selected, where minor modifications 

in the model may still be made if necessary. 
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9.3.1.1 Model modifications 

The results of these preliminary analyses indicated that a number of modifications were 

required before the model could be fitted to the data. A variety of statistics prompted 

modification of the model, as will be discussed below. The modifications were constrained 

by theoretical considerations in addition to purely statistical logic. Changes included the 

fixing of some measurement parameters, elimination of one measured variable as an indicator 

of a latent variable, and the addition of correlated errors. 

With only a single measure (indicator) of the latent construct of "ability", it was necessary to 

make assumptions about the values of the measurement parameters. Ability is assumed to be 

a fallible measure, and hence a perfect reliability of this measure cannot be accepted. 

However, the LISREL program cannot compute the residual of a single indicator (as it does 

when two or more variables are specified to load on an underlying construct). Consequently, 

the reliability of the ability factor was estimated for the two groups on the basis of split-half 

indicators of IQ using the Spearman Brown formula (Maytham, Hendry, & Belser, 1 973). 

Split-half indicators of ability, formed by creating two sums of a verbal test plus a 

performance test of the WISC-R, correlated .47 for NA readers and .3 1 for RD readers. 

These values when inserted in Spearman Brown' s formula provided a reliability coefficient 

of .60 for NA readers and .50 for RD readers. The error variance of ability for each group 

was fixed at (1 - rxJ multiplied by Var (X), where rxx is the reliability estimate for the 

indicator and V ar (X) is the observed variance of the indicator (Joreskog & Sorbom, 1 989). 

An examination of the parameter estimates in a preliminary test of the models for RD readers 

indicated the presence of a negative variance or "Heywood case" (Bollen, 1 989; Hayduk, 

1 987) for the PAT measure. The notion of a negative variance clearly is meaningless, and 

hence such an estimate is considered unacceptable (Hayduk, 1 987). To eliminate this 

problem, the error variance of this measure was fixed for the RD reader group. As there was 

no available information on split-half indicators of the PAT to estimate
_ 
the reliability of the 

measure and how much measurement error should be imposed, the psychometric reliability 

of the measure was used. Hence, to eliminate an improper communality (a "Heywood case") 

in the RD reader group, the uniqueness parameter or the measurement error for the PAT 

indicator was set to 1 minus the reliability of the PAT measure, multiplied by the observed 

variance. 
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The next change involved the elimination of internal (locus of causality) attributions for 

failure as a measure of the latent construct of attributional style. This measure was eliminated 

on the basis of a low squared multiple correlation, a value indicating the proportion of 

variance in the measured variable accounted for by the latent variable. 

The fourth change involved the addition of correlated errors of measurement. A number of 

a priori reasons dictated the relaxation of error covariances and these were discussed in 

section 7.4.2 of Chapter 7. To reiterate, Parkes ( 1987) suggested that psychometric data 

obtained from questionnaires are usually prone to being systematically distorted by generalized 

response biases. Examination of the correlations among the attribution indicators suggested 

that there. may be other a priori reasons for allowing correlated errors of measurement 

amongst the measures of attributions. For instance, it was noted that in the NA reader group 

the three success measures were highly correlated (r = .73 to .76) with each other but had 

only moderate correlations with the two failure measures. In addition, the correlation between 

the two failure measures (r = . 60) was slightly higher than the correlations of these measures 

with the success measures (see Appendix F, Table Fl). 

These considerations suggest the presence of method-specific effects corresponding to 

something like success and failure response sets. The same argument applies to the model 

for RD readers, although in this case, the failure attributional measures have the higher 

residual correlation. On a priori grounds, the above method-specific effects were controlled 

by allowing correlated errors of measurement amongst the measures of success attributions, 

and similarly allowing correlated errors of measurement amongst the measures of failure 

attributions. 

The other area in which correlations suggested there may be a need to allow covariance is the 

relationship between self-efficacy and reading achievement. In the present study, 
.
self-efficacy 

(particularly task-specific self-efficacy) correlated more highly with the achievement measures 

than the model predicted. Thus, it seemed reasonable to permit the error variance of the task

specific measure to covary with the errors of the two achievement measures. These error 

covariances are also theoretically justifiable as confidence in one's ability to read is very 

closely related to performance on the tasks (Bandura, 1 986). 

The "modification indices" in the LISREL program provide a powerful tool for detecting 

misspecification within the general form of the model specified. In particular, they indicate 
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which of the formal restrictions (such as error covariances) would improve the fit of a model 

if they were relaxed. Consistent with the above arguments, examination of the LISREL 

modification indices showed that the largest values occurred among the off-diagonal elements 

of the error covariance matrix. This suggested that freeing/relaxing some error covariances 

(i.e., in this case, allowing them to take on a nonzero value) would result in an improvement 

in model fit. Joreskog and Sorbom ( 1 989) recommend that only one parameter be freed at 

a time on the basis of modification index value. This is because a single change in the 

parameter specifications for the model changes all the modification indices. Provided that it 

accords with substantive considerations, the parameter with the largest index is usually chosen 

so as to bring about the maximum improvement in model fit (Hayduk, 1 987; Joreskog & 

Sorbom, 1 989). Although modifications can often be derived on theoretical grounds, the 

more common practice is to modify models on the basis of the data. Model modifications, 

if undertaken, must be made cautiously and must be theoretically and substantively 

meaningful. For example, allowing error terms to covary might decrease the chi-square value 

and thereby improve statistical fit by introducing a free parameter to the model. This choice, 

however, must be based on realistic assumptions, otherwise one is simply capitalizing on 

chance to improve fit. 

Results of the preliminary LISREL analyses also indicated that the path from ability to 

metacognitive knowledge was not significant in either group. This finding suggests that the 

ability to metacognitive knowledge path can be set to zero in the hypothesized models. 

In summary, preliminary analyses indicated that a number of modifications, based on 

theoretical considerations and statistical logic, were required before the model could be fitted 

to the data. Changes included the fixing of some measurement parameters, elimination of one 

measured variable as an indicator of a latent variable, and the addition of correlated errors. 

9.3.1.2 Sensitivity analyses 

Although correlated errors of measurement were permitted for each of the hypothesized 

models based on justifiable grounds, there remains the uncertainty that one may simply be 

capitalising on chance variation in the data. There is always the concern of overfitting the 

model; that is, fitting the model to trivial sample-specific artifacts in the data. Researchers 

have stressed the importance of investigating the sensitivity of parameter estimates to the 

specification of correlated errors of measurement (e.g., Hughes et al., 1 986). Sensitivity 
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analyses (Byrne, 1 989a) were thus conducted to determine the practical significance of 

including additional parameters like correlated errors (i.e., their importance to the overall 

meaningfulness of the model). One way of determining this information is to test the 

sensitivity of the major parameters in the model to the addition of different patterns of error 

covariances. For instance, in Model 1 ,  six correlated errors of measurement were released 

for NA readers and three correlated errors of measurement were released for RD readers. 

However, modification indices suggested that two additional error covariances could be 

released to improve model fit further. The question that could or should be asked here is: 

How many error covariances should one release and does this substantially affect the estimates 

of the major parameters in the model? 

Experimentation with the fitted models, using multisample analyses, shows that regardless of 

the pattern of correlated errors fitted for a given model, the same set of structural relationships 

(i.e., pattern of covariances estimated between the latent factors) are observed to hold. Thus, 

the imposition of correlated errors has minimal impact on the estimated structural parameters 

of the model, but does significantly improve model fit. This provides some reassurance that 

assumptions concerning the error structure of the data have no impact on the essential 

conclusions drawn from the fitted models. 

9.3.1.3 Alternative factor structures for multifaceted constructs 

Two multifaceted constructs, namely attributional style and combined strategy use, formed 

important components of the hypothesized models. Attributional style was considered a 

multifaceted construct comprising two major subcomponents of achievement outcome: 

attributions for success and attributions for failure. Combined strategy use also consisted of 

two subcomponents: metacognitive strategy use and cognitive strategy use. As mentioned 

earlier, in reference to multifaceted constructs, Carver (1 989) suggested that a test of both the 

composite index and its subcomponents was necessary to establish the basis by which the 

composite was associated with the outcome measure. Accordingly, these multifaceted 

constructs were initially tested as one factor models by combining the subcomponents into a 

single predictive index followed by an examination of the separate effects of the 

subcomponents on the rest of the model. Preliminary multisample analyses were conducted 

on the factor structure of the multifaceted constructs to determine their goodness-of-fit. 
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The patterns of correlations obtained between the success and failure attributions may also 

suggest that the latent construct of attributional style be specified as comprising separate latent 

variables for positive and negative outcomes (cf. Hull & Mendolia, 1 99 1  ). There may be 

conceptual grounds for treating the latent construct of attributional style as two separate latent 

factors because a number of studies indicate that "attributions serve different functions 

depending on whether they account for success or for failure" (Oka & Paris, 1 987, p. 1 23). 

Conversely, it can be argued that attributional style should be modeled as a single latent 

construct, in accordance with previous empirical research (Bemdt & Miller, 1 990; Carr et al., 

1 991) . This is consistent with the argument that students' attributions for both success and 

failure outcomes are necessary and combine or interact to determine reading metacognitive 

knowledge or performance. 

Separate confirmatory factor analyses were conducted on the set of attribution measures to 

determine the specification of attributional style before assessing the fit of the larger model. 

A series of multisample analyses were conducted using only the five measures of attributional 

style with NA and RD readers. Preliminary fitting of a model that specified all five measures 

as related to a single latent variable with all factor loadings invariant except for failure 

attribution indicators yielded a poor fit to the data, ;>f(12, N = 405) = 44. 70, p = .00, GFI = 
.95. Modification indices suggested that the fit of the model could be improved by allowing 

the errors of the failure indicators to covary in each group. The fit of the model was 

substantially improved by freeing these error covariances, :>f(10, N = 405) = 7.56 , p = .67, 

GFI, NFI = .99, RMR = .024, PNFI = .50. A third model was tested as involving separate 

latent variables for positive and negative event attributions and an invariant factor structure. 

This model also provided a good fit of the observed data, :>f(1 1 ,  N = 405) = 1 0.57, p = .48, 

GFI, NFI = .99, RMR = .032, PNFI = .54. The goodness-of-fit indices indicated that both 

the single factor model and the two factor model present good representations of attributional 

style. 

(ii) Strategy use 

Specification of the latent construct of strategy use as a one factor model" has received support 

from previous research (Meece et al., 1 988), as it is consistent with the conceptualization of 

self-regulated learning theorists (Zimmerrnan, 1 989a). The examination of separate 
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components of the latent construct of strategy use has also received theoretical (Borkowski 

et al., 1 989, 1 990, 1992) and empirical support (Pintrich & De Groot, 1 990; Pokay & 

Blumenfeld, 1 990). For instance, within Borkowski's  theoretical framework the distinct 

components of metacognitive and cognitive strategy use have differential effects on the other 

latent constructs of interest in this study (Borkowski et al., 1 989, 1 990, 1 992). 

Separate confirmatory factor analyses were conducted on the strategy use measures to 

determine the specification of the latent construct of strategy use before assessing the fit of 

the larger model. A series of multisample analyses were conducted using four measures of 

strategy use with NA and RD readers. The four measures of strategy use included the self

report measures of cognitive and metacognitive strategy use and the behavioural measures of 

cognitive and metacognitive strategy use. Preliminary fitting of a model that specified all four 

measures as related to a single latent variable with all factor loadings invariant yielded a poor 

fit to the data. Modification indices suggested that the fit of the model could be improved 

by allowing three correlated errors for the NA reader group and two correlated errors for the 

RD reader group. The fit of the model was substantially improved by freeing these error 

covariances, �(3, N = 395) = 7.82, p = .05, GFI, NFI = .98, RMR = .046, PNFI = .25. 

Another model was tested and involved separate latent variables for cognitive and 

metacognitive strategy use, an invariant factor structure, and one correlated error for each of 

the reader groups. This model also provided a good fit of the observed data, x2{2, N = 395) 

= 0 . 52, p = .76, GFI, NFI = 1 .00, RMR = .0 1 1 , PNFI = . 1 7. The goodness-of-fit indices 

indicated that although both the one and two factor models provided a good fit, the two factor 

model presented a better representation of the latent construct of strategy use for the data of 

this study. Notwithstanding this, the hypothesized models were initially tested with a one 

factor model on the basis of parsimony and its conceptual consistency with theoretical 

formulations of previous researchers (Meece et al., 1 988). 

9.3.2 Test of hypothesized models 

In assessing model fit, one needs to pay attention to both the measurement and the structural 

parts of the model. Whether this should be done simultaneously or sequentially is still a point 

of debate in the literature. The majority view seems to be that both the measurement and the 

structural model should be evaluated simultaneously (Fomell, 1 987). However, it has been 

argued that "proper specification of the measurement model is necessary before meaning can 
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be attached to the analysis of the structural model. That is, good measurement of the latent 

variables is prerequisite to the analysis of the causal relations among the latent variables" (J. 

C. Anderson & Gerbing, 1982, p. 453). Considering the merits of this stepwise approach, in ' 

the present study, the measurement model was specified and tested before structural 

estimation. 

In the measurement model, each observed variable was assumed to have a nonzero loading 

only on the latent variable that it is presumed to measure. For Models 1 through 4, once a 

parsimonious, well fitting measurement model was identified, a model was tested in which 

structural relations were imposed among the factors of this measurement model. For the 

structural model of the relations among the latent variables, it was assumed that causal 

relations would be recursive, that is, all paths are specified in only one direction. Such 

recursive models were developed and tested because they are more parsimonious, easier to 

estimate, and easier to interpret than complex, nonrecursive models which allow reciprocal 

influences among variables. Furthermore, recursive models are justified on the basis of the 

theoretical formulations of the author. 

LISREL analyses of Models 1 through 4 were conducted by analysing the groups 

simultaneously. However, the Box's M test for homogeneity of variance-covariance matrices 

across populations yielded a significant chi-square value, x2(36, N = 395) = 1 39.32, p = .00, 

suggesting that major differences existed between the two matrices. Researchers investigating 

multisarnple relationships have sometimes used a significant Box's M result as justification 

for conducting separate LISREL analysis of groups (e.g., D. A. Cole, 1989). However, the 

fact that there are differences in the variance-covariance matrix does not inform orte as to the 

sources of differences, especially when group analyses are conducted separately. 

In the present study, multisample LISREL analyses were conducted rather than separate group 

analyses for the following reasons. First, they are a more powerful form of analysis which 

provides a test of similarities and differences in relationships across groups. In doing separate 

group analyses, the sample size would be halved resulting in considerable reduction in power. 

Second, one would be able to conduct more direct and informative tests of equality of 

parameters across groups which could be important, given the hypotheses of the present study. 

In the present study it was hypothesized that particular structural paths were invariant across 

groups. Thus, it is imperative for the data from both groups to be analyzed simultaneously 

in order to obtain efficient estimates (Joreskog & Sorbom, 1 985). Third, running separate 
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group analyses does not indicate whether these sources of differences originate from the 

measurement model or the structural model. Differences in variances across groups does not 

necessarily mean structural differences. Patterns of relationships amongst the variables may 

be similar and this may indicate, as in the present study, some similarity in the structural 

effects across groups. 

In multisample analyses, the chi-square goodness-of-fit generated by LISREL enables one to 

test the hypothesis that the model holds in each group simultaneously, that is the model is 

invariant across groups. The more appropriate way to test for invariance is by constraining 

some, or all, parameter estimates to be equal across groups (see Joreskog & Sorbom, 1 989; 

Marsh & Hocevar, 1 985). Omnibus tests of total invariance include tests of the equality of 

covariance matrices of relations among the measured variables for the different groups and, 

models that constrain all parameters in a particular model to be equal across the multiple 

groups. These omnibus tests nearly always result in statistically significant chi-square values 

and substantial decrements in fit, so more limited tests are pursued in which specific sets of 

parameters are posited to be invariant over groups (e.g., factor loadings, measurement error, 

factor correlations, or path coefficients). The LISREL program provides goodness-of-fit 

statistics for each group's model and a chi-square measure of overall goodness-of-fit for the 

two groups together. This statistic, therefore, indicates a fit (or lack of fit) of the model to 

the data for both groups, including all constraints. 

In the present study, the extent of structural invariance across groups was examined. 

According to theory and empirical research, it was expected that a number of the causal paths 

between the latent variables would be similar in magnitude across groups. In the present 

study, particular elements of the I' and the B matrices were constrained equal across groups 

according to substantive theory (see section 7.4.3 . 1  (ii) of Chapter 7). 

It has been recommended, for comparisons across multiple groups, that the general form of 

the measurement model must hold for all groups for which comparisons are to be made. Two 

models have the same form if the model for each group has the same parameter matrices with 

the same dimensions and the same location of fixed, free, and constrained parameters. For 

valid and meaningful comparisons to be made across groups, between-group invariance in the 

number of factors, the pattern of factor load.ings, and the magnitude of one or more factor 

loadings in the measurement model must be demonstrated (Bollen, 1 989; Byme et al., 1 989). 
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The analyzed models were based on two covariance data matrices, one from each group, that 

used listwise deletion of missing data. These analyses were performed on covariances, rather 

than correlations, and thus comparisons are not confounded by differences in group variances 

(cf. AI win & Jackson, 198 1  ). The use of LISREL maximum likelihood techniques allows the 

significance of changes in goodness-of-fit resulting from alterations in the specification of 

model parameters to be assessed by calculating the significance of the change in the cm

square statistic. The approach adopted in the present study was to initially formulate a model 

with few parameter constraints across groups. Subsequently, a systematic series of competing 

models were estimated which were designed to test the effects of increasing or decreasing the 

constraints imposed on the model in accordance with specified hypotheses. The statistical 

significance of improvement or deterioration in goodness-of-fit resulting from changes in the 

extent to which the model was constrained was determined by examining the change in the 

chi-square statistic relative to the change in degrees of freedom. Models that resulted in a 

significant improvement in goodness-of-fit were accepted; models that resulted in significant 

deterioration in goodness-of-fit were rejected. When the difference in goodness-of-fit between 

two models was found to be nonsignificant, the model that provided the more parsimonious 

solution, that is, the more constrained of the two models, was accepted. To supplement the 

chi-square difference test, goodness-of-fit measures such as the GFI, NFI, PNFI, and RMR 

were examined. A number of detailed measures of fit were also used to assess the quality and 

goodness-of-fit of the final model in each analysis. These included the squared multiple 

correlations, residual matrix correlations, standardized residuals (Q-Q plot) and modification 

indices. 

In the following sections, a detailed description of the basic model, Model 1 ,  is provided 

initially. As Models 2 through 4 represent extensions of the basic model, it was considered 

unnecessary to present the same degree of detail in discussing them. Discussion of these 

models, however, will focus on the newly introduced aspects of that model. For each test of 

the structural model and its associated measurement model, a series of distinct hierarchical 

nested models is presented and tested first. These nested models provided a test of the 

antitheses of the hypotheses that were formulated for the model (see Chapter 6, section 6.2), 

and at other times, provided a test of competing views or theories on a particular relationship. 

The summary goodness-of-fit statistics are also presented for these models, followed by a 

discussion of the parameter estimates for the model deemed to be best fitting for these data. 

The individual parameter estimates provide the detail necessary to understand the causal 
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influences between variables. In causal ordering research, the direction, size, and location of 

individual parameters are important in understanding the accuracy of the theoretical model. 

The strength of effect sizes is identified by the LISREL program in the form of maximum 

likelihood coefficients (regression coefficients) and stated t values. A detailed LISREL 

specification of each of the best fitting models is provided in Appendix G. In swnmary, in 

each description of the hypothesized model, the results of a series of competing models tested 

will be presented first followed by a detailed description of the model of best fit. However, 

for ease of reading, the results of the competing models for each hypothesized model is 

presented in the appendix (see Appendix H). 

9.3.2.1 Test of proposed theoretical Model 1 

(i) Measurement model 

Model I was tested to replicate some of Carr et al. ' s  (199I)  fmdings. Before the structural 

or path model of direct and mediating effects for Model I was examined, an initial 

measurement model was estimated to evaluate the latent constructs of ability, attributional 

style, self-efficacy, metacognitive knowledge, and reading performance, their intercorrelations, 

and hypothesized factor loadings. 

Preliminary analyses indicated that both the single factor model and the two factor model 

provided equally good representations of attributional style. However, in testing Model 1 ,  

the one factor model was preferable on the basis of parsimony and its conceptual consistency 

with theoretical formulations of Carr et al. ( I 99 I ). 

The indicators specifying each latent construct are described in Chapter 6, section 6.2. 1 .  For 

each latent construct, one construct loading was set a priori to unity in order to provide a 

metric for the latent construct and to identify the model (Hayduk, 1 987; Long, I 983a). 

Unless the scale of the latent variables has been established, there exists an indeterminacy 

between the variance of the latent variable and the loadings of the observed variables on that 

latent variable. Each measure was allowed to load onto one and only one of the five latent 

constructs. The loadings of the indicators onto other factors were constrained to equal zero. 
' 

Table 8 (see p. 1 93)  shows the indicators with their respective latent constructs. The matrix 

of correlations of the I 2  indicators used in this analysis and their standard deviations is 

presented in Table F I  of Appendix F. These data, in the form of covariances, formed the 

input for the LISREL analysis of Model 1 .  



19 1  

As described previously, a number of other model parameters were also fixed (see section 

9.3 . 1 ). As ability was specified by a single indicator, the reliability of this measure was fixed 

by setting the error variance of this measure in each gtoup to be equal to the variance of the 

ability measure multiplied by one minus the corresponding reliability estimate. Thus, for NA 

readers the error variance was fixed to 32.98, obtained by calculating {(I - .60) x 82.46} ,  and 

for RD readers the error variance was fixed to 3 3 .30, obtained by calculating {(1- .50) x 

66.62} .  Similarly, the error variance of the PAT indicator was fixed to 8 . 1 8  for the RD 

reader group, to avoid an improper communality. 

The model tested by Carr et al. ( 1 991)  assumed that measurement errors were uncorrelated, 

that is, that there were no common response tendencies that influenced the observed measures 

in a similar way within groups. However, the validity of the assumption of uncorrelated 

errors was open to doubt, as indicated earlier. Consequently, covariances between pairs of 

measured variable residuals (unique variances) were added to the model on the basis of the 

modification indices and on a priori grounds (see section 9.3 . 1 . 1 ). Only statistically 

significant covariances were retained. 

A series of distinct hierarchical measurement models was tested initially, details of which are 

provided in section H. l . 1 of Appendix H. Table H l  of Appendix H presents a summary of 

the nested models that were tested. It was theorized earlier that an identical factor loading 

matrix (i.e., �[giJ =A)g2J; Ay£giJ=Ay[g2J) might be expected since the latent variables were 

measured using the same indicators in both groups. Analyses of these nested models indicated 

that the initial specification of an invariant factor loading matrix across groups (as specified 

in section 7.4.3 . 1  (i) of Chapter 7) did not provide a good fit. In other words unit increases 

in true scores did not all lead to the same increments in measured variables for RD readers 

as for NA readers. However, it was acknowledged that there would be poor support for the 

total invariance of all parameter estimates in the measurement part of the hypothesized models 

(i.e., �[gl) =�[g2J ; Ay[glJ=Ay£g2J; 9E£giJ=8f£g2J; eo[glJ=8o£g2J. Some evidence for this was seen 

from the preliminary analyses which yielded different error covariances for the groups. 

Further analyses indicated that freeing the construct loadings of the failure attributions resulted 

in a substantial improvement in the fit of the model. This model (Model 1 .2) yielded �(87, 

N = 405) = 76.29, GFI, NFI = .96, PNFI = .64, RMR = .04, and was accepted on statistical 

grounds (p = .79) as producing a good fit for these data (see Appendix H, Table H I ) .  

However, this partial factorial invariance still enables multisample comparisons to be made 

(Bollen, 1989). The LISREL specification for this optimum measurement model is provided 

in section G. l .2 . 1  of Appendix G. 



192 

Description of results of optimum measurement model 

In light of the results of the nested models, the decision was made to accept Model 1 .2 as the 

final optimum model (see Appendix H, section H. 1 . 1 ,  Table H1). The LISREL estimates of 

the construct loadings, error variances and covariances, factor varianceslcovariances and 

correlations of latent constructs for this optimum measurement model were examined. These 

are shown in Tables 8 through 1 1 . To enable comparisons across groups to be made, the 

parameter estimates are standardized in relation to a metric that is common across the two 

groups. This is known as the common metric completely standardized solution (Joreskog & 

Sorbom, 1 989). As the estimates are standardized over the two groups, the values of the 

parameter estimates may take on values greater than 1 .  The common metric completely 

standardized solution differs from one that would standardize estimates within each group 

(within group standardized solution) because in the latter solution, constraints across groups 

would be lost (see Joreskog & Sorbom, 1 989, pp. 238-242). 

The raw values (unstandardized) of the individual parameter estimates shown in Table 8 are 

not meaningful because they depend on the scales of the variables involved. The significance 

of each parameter can be tested with the value referred to in LISREL as the t value (i.e., 

value of the parameter estimate divided by its standard error). This information can be used 

in a normal z test to evaluate whether a parameter estimate is equal to or greater than 1 .96 

times its standard error (for a two-tailed test) or 1 .65 times its standard error (for a one-tailed 

test). Thus, estimates with a t value smaller than 1 .96 are typically described as 

nonsignificant at the two-tailed level and are candidates for removal from the model (Bollen, 

1 989). Significant t values (� 1 .96) can be regarded as indicative of parameter estimates 

significantly different from zero. Information regarding tests of significance are based on 

nonstandardized values. 

As shown in Table 8, all indicators were significantly related to their underlying latent 

construct (t � 1 0. 1 4, p :::; .0001) .  The moderate-to-high factor loadings of the indicators 

suggest that they are effective instruments in defining the latent variables. All loadings were 

constrained to be equal across the groups except for failure attributions which showed much 

higher loadings for RD readers. This suggests that the association between the latent construct 

of attributional style and the observed failure 'attribution measures was stronger in the RD 

reader group than in the NA reader group. 

The squared multiple correlation (R square) for each observed variable is an indication of the 

reliability of each observed measure with respect to its underlying latent construct (see Table 
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8). A virtue of SEM over traditional approaches to internal consistency, such as Cronbach's 

alpha, is its ability to evaluate the consistency of the relations between a set of indicators and 

the latent variable they represent (Hoyle & Smith, 1994). For example, in considering the 

reliabilities of attributions for NA readers, it is seen that the success attributions were the most 

reliable whilst the failure attributions were the least reliable. The converse was seen for RD 

readers. In general, the measures had higher construct reliabilities for NA readers than for 

RD readers with the exception of failure attributions. The PAT measure was the most reliable 

measure for both NA and RD readers. Note, however, that the reliability of the PAT measure 

was fixed for RD readers to the psychometric reliability of the measure. 

Table 8. Factor loadings and reliabilities of indicators for Measurement Model 1 

NA Readers RD readers 

CONSTRUCT/ unstandardized standardized• reliabilitY' unstandardized standardized reliabilitY' 
indicator (SE) (SE) 

ATTRIBUTIONS 
Success 
intemality 0.86 (0.05) 0.69 .72 0.86 (0.05) 0.69 .27 
controllability 1 .ooc 0.79 .74 t .ooc 0.79 .44 
stability 1 .00 (0.05) 0.80 .76 1 .00 (0.05) 0.80 .45 

Failure 
controllability 0.61 (0.06) 0.5 1 .44 1 .37 (0. 1 2) 1 . 1 5  .67 
stability 0.58 (0.06) 0.47 .39 1 .59 (0. 1 3) 1 .28 .79 

EFFICACY 
general 0.06 (0.00) 0.74 .59 0.06 (0.00) 0.74 .46 
task-specific 1 .ooc 0.75 .62 t .ooc 0.75 .44 

METACOGNITIVE 
KNOWLEDGE 
MSI 1 .ooc 0.71  .48 1 .ooc 0.7 1 .55 
IRA 1 .02 (0. 1 0) 0.65 .50 1 .02 (0. 1 0) 0.65 .36 

PERFORMANCE 
PAT 1 .00c 0.92 .79 t .ooc 0.92 .95( 
classroom 0.72 (0.05) 0.69 .60 0.72 (0.05) 0.69 .35 

ABILITY 
WISC-R 1 .ooc 0.75 .6oc t .ooc 0.75 .50( 

All Loadings that wen: estimated are significant at p ::; 0.0001 (2 tailed). 
• Refers to common metric completely standardized solution. 
� Estimated by USREL (Jon:skog & SOrbom, 1 993). 
• Fixed value or n:fen:nce indicator. 

A number of measures had reliabilities less than .5. These included the success attribution 

measures, efficacy measures, the IRA measure of metacognitive knowledge, and the classroom 
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performance measure for RD readers. For NA readers it included the MSI measure of 

metacognitive knowledge and the failure attribution measures. While these values are still 

satisfactory, they are indicative of somewhat less reliability than the other measures. The 

coefficients of determination for the endogenous and exogenous observed measures were .99 

and .55 (range .50 to .60), respectively, for both groups. The coefficient of determination 

provides a generalized measure of the amount of variance in the observed measures accounted 

for by the measurement model. In this case the measurement model performs well, since it 

accounts for a high proportion of the variation in the observed scores, suggesting that the 

reliability of the measurement model as a whole is exceptionally high. 

Table 9. Common metric completely standardized solution of error variances and covariances for NA and 
RD readers for Measurement Model I 

NA readers 
I .  contros 0.3 1 
2. stabs 
3.  stabf 
4. controf 
5 .  inters 
6. effica 
7. efficb 
8. msi 
9. ira 

1 0. pat 
1 1 . class 
12 .  iq 

RD rea�s 
I .  contros 0.48 
2. stabs 0. 1 3  
3.  stabf 
4. controf 
5. inters 

6. effica 
7. efficb 
8. msi 
9. ira 

1 0. pat 
1 1 . class 
1 2. iq 

2 

028 

-0.09 

0.44 

3 4 5 

0.49 
0. 1 6  0.48 

0. 1 0  

0. 1 2  

0.26 

0.27 

0.38 
-0. 1 0  0.77 

6 

0.56 

0.34 

7 8 9 1 0  

0.50 
0.55 

0.42 
0.26 0.28 

1 1  

0. 1 7  0.4 1  

0.38 
0.42 

0.74 
0.03" 

-0. 1 0  0.64 

1 2  

0.44" 

0.45" 

Key of variables names: contros = controllability dimension of success attributions; stabs = stability dimension of success attributions; stabf 
"" stability dimension of failure attributions; controf = controllability dimension of failure attributions; inters =- intemality (locus) dimension 
of success attributions; effica =- general measure of self-efficacy; efficb =- task-specific measure of self-efficacy; msi = MSI measure of 
metacognitive knowledge; ira "" IRA measure of metacognitive knowledge; pat = standardized measure of reading comprehension; class = 
classroom measure of reading pcrfonnance; iq = intellectual ability as measured by WISC-R. 

For purposes of simplicity, all error varianccs and covarianccs have been combined into a single matrix. 
All residuals are significant at p � .OS (two-tailed). 
• Unstandardized values of these parameters were fiXed. 

... 
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The error variances and covariances of both groups are presented in Table 9. Altogether 6 

errors were allowed to covary in the NA reader group and 3 errors to covary in the RD reader 

group. The t values for the variances and covariances of the measurement errors were 

generally considerably greater than 1 .96 and so are statistically significant at better than the 

p :5 .05 level. Thus, the observed scores in these samples were subject to measurement error, 

and they were also affected by generalized response tendencies, which resulted in nonrandom 

distribution of errors. 

Table 1 0  shows the common metric completely standardized solution of the variances and 

covariances of the latent constructs for NA and RD readers. Examination of Table 1 0  

indicates that the variances and covariances of the latent constructs were in general greater 

for NA than RD readers. This is expected as the selection criteria used in determining the 

RD reader group would have led to more constrained variances in some of the constructs in 

this group. In the within group completely standardized solution (see Table 1 1 ), the 

coefficients linking the latent variables of ability, attributional style, efficacy, metacognitive 

knowledge, and performance are estimates of the correlations among these dimensions. The 

coefficients ranged from .42 to .78 for NA readers and . 1 5  to .73 for RD readers, suggesting 

that in general, they are distinct dimensions, that is, the variables tap separate but related 

aspects of reading performance. For both groups, correlations among attributions, efficacy, 

and metacognitive knowledge were high. 

Table 10. Common metric completely standardized variances and covariances of latent constructs for 
NA and RD readers for Measurement Model 1 

Attributions Efficacy Metacognitive Perfonnance Ability 
Knowledge 

NA readers 
Attributions 1 .42 
Efficacy 1 .05 1 .46 
Meta Knowledge 0.93 0.92 0.99 
Performance 0.69 0.78 0.72 1 .27 
Ability 0.54 0.64 0.5 1 0.7 1 1 . 1 9  

RD readers 
Attributions 0.58 
Efficacy 0.40 0.54 
Meta Knowledge 0.53 0.46 1 .0 1  
Performance 0.42 0.46 0.52 0.73 
Ability 0. 1Q& 0.28 0.22. 023 0.80 

All estimates for NA readers are significant at p � .0001 (two-tailed). 

All estimates for RD readers are significant at p � .01 (two-tailed) except those indicated by •. 
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Table 1 1. Correlations of latent constructs for NA and RD readers for Measurement Model 1 

Attributions Efficacy Metacognitive Performance Ability 
Knowledge 

Attributions .71 .70 .65 .15" 
Efficacy .73 .63 .73 .42 
Meta Knowledge .78 .76 .61 .25" 
Performance .5 1 .58 .64 .29 
Ability .42 .48 .47 .57 

Triangular correlation matrix for NA readers is presented below the main diagonal and the matrix for RD readers is 
presented above the main diagonal. All correlations are si

.
gniticant at p  � .01 except for those indicated by •. 

For this sample of NA and RD readers, both the Q-Q plot and the correlations of the 

parameter estimates confirm the good fit of the estimated model to the data. For present 

purposes, the abovementioned model was accepted as the optimum parameter specification 

for the construct loadings and measurement errors. This pattern of fixed, free, and equated 

parameters for the measurement model was kept constant (but not fixed) in the second part 

of the analysis which is described in the next section. 

(ii) Structural model 

Given an adequate measurement model, a structural model was tested to explain the relations 

among the five latent constructs. The hypothesized paths were largely based on the 

theoretical propositions of Carr et al. ( 199 1 ). According to Model 1 (see Figure 4, p. 86), 

metacognitive knowledge should mediate the effects of attributional style and self-efficacy on 

reading performance. This model specified that attributional style predicts metacognitive 

knowledge directly or indirectly through self-efficacy. Although largely duplicating Carr et 

al. ' s  ( 1 99 1 )  pathways, Model 1 also specified additional pathways relating to self-efficacy. 

For instance, it posited that ability directly predicted efficacy, which in turn, predicted reading 

comprehension performance. It was also theorized that the model would be essentially the 

same for NA and RD readers except for the following paths: ability to attributions, ability to 

metacognitive knowledge, and ability to performance. These paths were hypothesized to be 

statistically nonsignificant for RD readers but significant for NA readers. 

Preliminary analyses of nested models indicated hypothesized Model 1 warranted 

respecification (see Appendix H, section H. l .2). Table H2 of Appendix H presents a 

summary of the series of nested models that were tested. The fmdings indicated that ability 
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does not directly predict metacognitive knowledge in both groups and hence, this path was 

fixed to zero in all subsequent analyses. The influence of ability on metacognitive knowledge 

'was not direct (as hypothesized), but was significantly mediated by attributional style and self

efficacy. The results also indicated that, contrary to predictions, the efficacy to performance 

path differed across groups. This path was significant for RD readers but not for NA readers, 

which suggested that the efficacy to performance path should not be constrained equal across 

groups as hypothesized in Figure 4 (see p. 86). The respecified model (Model 1 .3) had a chi

square value of 86. 1 5  with 96 degrees of freedom, indicating a very good fit of the model to 

the data (p = . 75). Additionally, the goodness-of-fit indices (GFI = .96, NFI = .96, PNFI = 
.70), and in particular the RMR (RMR = .05 1), showed a marked improvement of the revised 

model over the hypothesized model. See section G. l .2 of Appendix G for the LISREL 

specification of the optimal structural model. 

Description of results of optimum structural model 

The results of the revised hypothesized model (representing the final optimum model) are 

presented in Figure 12 for NA and RD readers. Two types of standardized solutions are 

presented. In the first solution, parameter estimates are standardized in relation to a metric 

that is common across the two groups, and which differ from those that would result from 

standardizing estimates for each group separately in which constraints across groups would 

be lost (see Joreskog & Sorbom, 1989, pp. 238-242). For comparison across groups, this 

solution was preferable as a scale common to the two groups was required. Thus, the 

discussion of this model is based on the common metric completely standardized estimates. 

However, these standardized coefficients do not represent regression beta weights as would 

be the case with the within group standardized coefficients. 

To help the reader, the estimates of the within group completely standardized solution are also 

available and are presented in Table J2 (see Appendix J) where it is discussed in relation to 

the robustness of the model when demographic variables of ethnicity and gender are included 

as control variables. The estimates in Table J2 show a path analytic representation of the 

values of the parameter estimates of NA and RD readers. In this solution, each variable has 

been transformed so that its variance is 1 .0. Thus, regressions coefficients can be interpreted 

as beta coefficients and covariances as correlations. Although these path weights are 

meaningful within a particular group, it is not appropriate to compare these path weights 

across groups since these coefficients are not standardized in relation to a metric that is 

common across the two groups. 
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Figure 12. Findings of revised Model 1 for NA and RD readers. 
Note: Failure intcmal attn"bution was dropped .from tbc model as an indicator because it did DOt display 

desirable measurement properties. The path from ability to mctacognitive knowledge was fixed to 
zero. To avoid clutter. measurement CirOrs are not presented. Common metric completely standardized 
solution is presented for all parameters. 
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In keeping with the conventional notation of covariance structure modelling, in Figure 1 2, 

measured variables are enclosed in rectangles and latent variables in circles. Filled arrows 

connecting circles represent causal effects and unfilled arrows relating circles to rectangles 

represent the latent variable's effects on indicators. Detached arrows indicate residual or 

structural disturbance variances. Solid lines depict significant effects and dashed lines depict 

nonsignificant effects. The general convention of assuming sufficient power in the LISREL 

model, leading to a rejection of the null hypothesis (i.e., testing whether a parameter is 

significantly different from zero) with t :::: 1 .96 was followed. All significant effects were in 

the hypothesized direction (see Appendix J, Table J2, for t values). Measurement errors were 

deleted from the figure to reduce clutter, but were estimated in the analysis. These error 

variances and covariances are presented in Table I 1  (see Appendix I) for NA and RD readers 

respectively. 

The results of the revised hypothesized structural model for both groups show a fairly good 

fit and the estimated factor loadings of this model did not deviate markedly from the 

measurement model. All factor loadings were sizable and significant (p :S .0001) .  The 

coefficients of the measurement model in the previous section, although similar, may not be 

identical to those in this model because the analyses in this model involved solving a full 

system of equations comprising both measurement and structural effects. 

As seen in Figure 12, all causal paths were constrained to be equal across groups except for 

the paths ability to attributional style, ability to performance, and efficacy to performance. 

In both groups, attributions significantly predicted self-efficacy (standardized solution = 0.65, 

t = 9.89). Self-efficacy, in turn, predicted metacognitive knowledge (standardiZed solution 

= 0.33, t = 3 . 1 5), which in turn predicted reading performance (standardized solution = 0.25, 

t = 2.80). As indicated earlier, the direct effect of ability on metacognitive knowledge was 

not significant for either group and thus this path was fixed to zero. Results suggest that the 

relationship between ability and metacognitive knowledge was mainly a result of indirect 

causal covariation, largely due to the effects of attributions and self-efficacy. It is clear that 

ability predicted metacognitive knowledge almost exclusively through the indirect mediating 

variables rather than directly. 

The results indicated that ability was directly associated with attributional style (standardized 

solution = 0.46, t = 4.47) for NA readers but there was no direct significant effect for RD 

readers (standardized solution = 0. 13 ,  t = 1 .45). Ability was significantly and positively 
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associated with reading performance for NA readers, but not for RD readers. As expected, 

the relationship between ability and reading performance for RD readers did not replicate Carr 

et al. 's  ( 199 1 )  fmding. The results also indicated that attributional style was more strongly 

related to metacognitive knowledge than efficacy was, and this fmding was consistent with 

Borkowski's  theory (Borkowski et al., 1 989, 1990, 1992; Borkowski & Turner, 1 990). 

As hypothesized, self-efficacy directly and positively predicted reading performance. 

Although the path efficacy to performance was significant for both NA (standardized solution 

= 0.23, t = 1 .97) and RD readers (standardized solution = 0. 70, t = 5.07), this path 

differentiated between NA and RD readers. Contrary to predictions, the relationship between 

efficacy and performance was much stronger for RD than for NA readers, suggesting that 

efficacy may be more important in predicting performance for RD readers than for NA 

readers. 

Of all path coefficients from the independent variables to performance, only those from 

metacognitive knowledge (standardized solution = 0.25, t = 2.80), and efficacy (standardized 

solution = 0. 70, t = 5.07) were significant for RD readers. For NA readers, all direct effects 

on performance were significant with ability rather than metacognitive knowledge or efficacy 

being the strongest predictor. In contrast, efficacy was the strongest predictor of reading 

performance for RD readers. The primary distinctions between the two groups were in the 

different weighting of the paths between ability and attributions, ability and performance, and 

efficacy and performance. 

Next, the amount of variance (squared multiple correlations) accounted for in each latent 

construct in the model was examined. For NA readers, the squared multiple correlations were 

. 1 8  for attributions, .58 for efficacy, .71 for metacognitive knowledge, and .49 for 

performance. For RD readers, the squared multiple correlations were .02 for attributions, .66 

for efficacy, .41 for metacognitive knowledge, and .60 for performance. The model 

accounted for more variance in RD readers' than NA readers' efficacy and performance. In 

contrast, it accounted for more variance in NA readers' than in RD readers' attributions and 

metacognitive knowledge. In general, the model accounted for more variance in efficacy than 

in attributions for both NA and RD readers. The low R2 value for attributions is to be 

expected because it is based on only one predictor in the model. It can be concluded that a 

substantial proportion of the variance in reading achievement was predictable from the model. 

This was particularly true of RD readers, and such a finding was expected given the restricted 
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variance of the performance measures of this group. Alternatively, it may suggest that there 

may be other important variables missing from the NA reader model for predicting 

performance. 

The coefficients of determination for the dependent (endogenous) and independent 

(exogenous) manifest indicators were 1 .00 and .55 (range .50 to .60) respectively for both 

groups. This evidence suggests that the structural model had a high degree of determinability, 

both for the predictor and the dependent manifest indicators. Examination of the other 

detailed measures of fit (modification indices, standardized residuals and Q-Q plot, 

correlations of estimates) also indicated that the model was reasonably well specified for both 

groups. The model provided a better fit for NA than RD readers as indicated by the cm

square contribution. The chi-square contribution for NA readers was 41 . 1 9% (� = 35.49) and 

58. 8 1 %  for RD readers (x2 = 50.67). 

In summary, the relations and hypotheses proposed for Model 1 were well supported with the 

exception of two hypotheses: (a) that ability directly predicts metacognitive knowledge for NA 

readers but not for RD readers (as specified by the pathways in the model), and (b) that the 

relationship between efficacy and reading performance is similar for both NA and RD readers 

(hypothesis no. 9). This model yielded a number of interesting fmdings. They are as follows: 

(a) in addition to an indirect effect, efficacy also has a direct effect on reading performance; 

(b) attributional style and efficacy differentially predict metacognitive knowledge, with 

attributional style being the stronger predictor; (c) ability directly predicted self-efficacy; and 

(d) RD readers differed from NA readers in the strength of effect of the relationships between 

ability and attributions, ability and reading performance, and efficacy and reading 

performance. 

9.3.2.2 Test of proposed theoretical model 2 

(i) Measurement model 

Model 2 represented an extension of Model 1 by incorporating the latent construct of 

combined strategy use. This variable represented a global measure of strategic behaviour 

which included a combination of metacognitive and cognitive strategy use and is consistent 

with conceptualizations of self-regulation theorists (e.g., Zimmerman, 1 989a). Before the 

structural effects for Model 2 were examined, a final measurement model was specified as 
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involving six intercorrelated latent variables: ability (one indicator), attributional style (five 

indicators), self-efficacy (two indicators), metacognitive knowledge (two indicators), combined 

strategy use (two indicators), and reading performance (two indicators). The behavioural and 

self-report measures of combined strategy use, each obtained by summing the cognitive and 

metacognitive strategy use scores, were specified as indicators of the latent construct of 

combined strategy use. The correlations of the 14 observed measures for each group are 

given in Table F2 (see Appendix F). 

As discussed previously, preliminary analyses indicated that although both the single factor 

model and the two factor model of strategy use provided reasonably good fit, the two factor 

model provided a better representation of strategy use (see section 9.3 . 1 .3 (ii)). Nonetheless, 

for testing Model 2, the one factor model was preferable initially, on the basis of parsimony 

and its conceptual consistency with theoretical formulations of previous research (Meece et 

al., 1 988). 

Similar procedures to those used for Model 1 were followed in specifying the measurement 

model. For each latent construct, one construct loading was set a priori to unity to establish 

a scale· of measurement for the latent constructs. A number of other parameters were also 

fixed. As ability was specified by a single indicator, the reliability was fixed by setting the 

error variance of the ability measure to 33.61 for NA readers and 32.90 for RD readers. The 

error variance of the PAT indicator was fixed to 8. 1 8  for the RD group, to avoid a Heywood 

case. 

The same methodological arguments underlying the rationale for allowing correlated errors 

in the self-report questionnaire measures may also be applied to the behavioural measures. 

It is possible that behaviour scores may be influenced by errors of measurement arising from 

test unreliability, and method of measurement factors.. Hence, as in Model 1 ,  errors of 

measurement for both self-report and behavioural measures were allowed to covary with each 

other. In addition to the error covariances in Model 1 ,  Model 2 also included an additional 

three error covariances for the NA group as a result of the incorporation of the strategy 

measures. They included errors between self-report combined strategy use and PAT, 

behavioural strategy use and stable attributions for success, and behavioural combined strategy 

use and the IRA measure of metacognitive knowledge. As previously mentioned, the 

inclusion of correlated errors resulted in significant improvement of model fit but had almost 

no impact on the estimated factor correlations. 
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The results of the measurement part of Model 1 suggested that the construct patterns would 

be similar across groups except for failure attributions. For Model 2, with the exception of 

failure attributions, the construct loadings of all variables including combined strategy use 

were constrained to be equal across groups. This model provided a good fit to the observed 

data, x2( 121 ,  N = 395) = 1 1 3 .5 1 ,  p = .67; GF1 = .96; NFI = .96; PNFI = .64; and lUv1R = 

.043 . As these constraints did not significantly erode the fit of the model to the data, it was 

concluded that NA and RD readers, in general, have a common factor structure for these 

variables. An examination of the modification indices suggested that the model could not be 

substantially improved. None exceeded the 5.00 cutoff recommended by Joreskog and 

Sorbom (1 989). The LISREL specification of this optimal measurement model is presented 

in section 0.2.2. 1 of Appendix G. 

The goodness-of-fit indices indicate that one combined strategy use factor can parsimoniously 

summarize different types of strategy use. The alternative model that specified a similar 

correlational pattern among the six latent variables across groups was not tested as results for 

measurement Model 1 indicated that this would result in deterioration of fit. 

The LISREL estimates for the above optimum measurement model are presented in Tables 

12  through 1 5 .  Data from Measurement Model 2 appear to replicate the relationships found 

in Measurement Model 1 .  All construct loadings (t 2: 1 0.0 1 ,  p S .0001)  were highly 

statistically significant, a5 is apparent from the small standard errors, and there is good 

evidence of convergent validity (see Table 12). As these indicators did not load onto factors 

they were not designed to measure, they showed strong evidence of discriminant validity as 

well (Bollen, 1 989). LISREL estimates for the indicators of attributional style, efficacy, 

metacognitive knowledge, reading performance, and ability were found to be similar to those 

in Model 1 .  

The internal-consistency reliability estimates of the indicators were also computed by 

LISREL, taking advantage of the latent-variable approach. These estimates are interpreted 

as a lower bound of the true reliability (Joreskog & Sorbom, 1 989). As shown in Table 1 2, 

reliabilities varied considerably from .39 to .83 for RD readers and from .28 to .95 for NA 

readers. The measures of combined strategy use had reasonably high reliability (range .59 -

.73). The variations in the reliabilities, as well as ·the factor loadings, suggest differential 

precision in measurement. For example, metacognitive knowledge was measured less well 
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than most of the other factors, although its correlation with reading performance was 

consistent with previous studies. 

Table 1 2. Factor loadings and reliabilities of indicators for Measurement Model 2 

NA Readers 

CONSTRUCT/ unstandardized standardized" reliabilitY' 
indicator (SE) 

A 1TRIBUTIONS 
Success 
intemality 0.85 (0.05) 0.70 .7 1 
controllability 1 .00' 0.80 .76 
stability 0.98 (0.05) 0.80 .77 

Failure 
controllability 0.60 (0.06) 0.5 1 .43 
stability 0.57 (0.06) 0.47 .39 

EFFICACY 
general 0.05 (0.00) 0.73 .57 
task-specific 1 .00' 0.76 .64 

MET A COGNITIVE 
KNOWLEDGE 
MSI 1 .ooc 0.72 .49 
IRA 1 .00 (0.09) 0.65 .50 

COMBINED 
STRATEGY USE 
self-report 1 .00' 0.8 1 .60 
behavioural 3 .69 (025) 0.8 1 .72 

PERFORMANCE 
PAT 1 .00' 0.93 .83 
classroom 0.69 (0.05) 0.68 .58 

ABILITY 
WISC-R 1 .00' 0.75 .60< 

All Loadings that were estimated are significant al p !:  0.0001 (2 tailed). 
• Refers to common metric completely standardized solution. 
� Estimated by USREL (JOreskog & SOrbom, 1993). 
• Fixed value or reference indicator. 

RD readers 

unstandardized standardized" 
(SE) 

0.85 (0.05) 0.70 
1 .ooc 0.80 
0.98 (0.05) 0.80 

1 .3 7  (0. 1 2) 1 . 1 7  
1 .5 5  (0. 1 3) 1 27 

0.05 (0.00) 0.73 
1 .00' 0.76 

1 .ooc 0.72 
1 .00 (0.09) 0.65 

1 .00' 0.8 1 
3 .69 (0.25) 0.8 1 

1 .ooc 0.93 
0.69 (0.05) 0.68 

1 .ooc 0.75 

reliabilitY' 

28 
.45 
.45 

.68 

.78 

.46 

.46 

.56 

.37 

.73 

.59 

.95' 

.34 

.soc 

Examination of Table 1 3  indicates that self-report combined strategy use had lower 

measurement error variance for RD readers than for NA readers. Conversely, combined 

strategy use as measured by the interview method had lower measurement error variance for 
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Table 13. Common metric completely standardized solution of error variances and covariances for NA 
and RD readers for Measurement Model 2 

NA readers 
I .  contros 
2. stabs 
3. stabf 
4. controf 
5.  inters 
6. effica 
7. efficb 
8. msi 
9. ira 

10. strati 
1 1 . strat2 
12.  pat 
13 .  class 
14.  iq 

RD readers 
1 .  contros 
2. stabs 
3 .  stabf 
4.  controf 
5 .  inters 
6. effica 
7 .  efficb 
8. msi 
9. ira 

1 0. strati 
1 1 . strat2 
12.  pat 
13 .  class 
14. iq 

2 3 4 5 

0.28 
0.28 

0.48 
0. 1 5  0.48 

028 
0.09 

0 . 1 1 
-0.09 

-0.07 

0.45 
0 . 13  0.45 

026 
0.38 

-0. 12 0.74 

6 

0.59 

0.34 

7 

0.47 

0.22 
0. 1 5  

0.37 

-0. 10  

8 

0.53 

0.42 

9 1 0  

0.42 
0.45 

-0.09 
0. 12  

0.73 
0.24 

1 1  12 13 14 

0.26 
0.22 

0.44 
0.45' 

0.45 
0.03' 

0.64 
0.44' 

Key of variables names: contros = controllability dimension of success attributions; stabs = stability dimension of success attributions; stabf 

= stability dimension of failure attributions; controf= controllability dimension of failure attributions; inters = intemality (locus) dimension 
of success attributions; effica = general measure of self-efficacy; efficb = task-specific measure of self-efficacy; msi = MSI measure of 
mc:tacognitive knowledge; ira • IRA measure of metacognitive knowledge; strati = self-report measure of combined strategy use; strat2 = 
behavioural measure of combined strategy use; pat = standardized measure of reading comprehension; class = classroom measure of reading 
performance; iq = intellectual ability as measured by WISC-R. 
All residuals are significant at p  $.05 (two-tailed) for NA readers and significant at p  :5:.01 (two-tailed) for RD readers. 
For purposes of simplicity, all error variances and covariances have been combined into a single matrix. 
• Unstandardized values of these parameters were fiXed. 

NA readers than for RD readers. The total coefficient of determination for the observed 

measures of the endogenous constructs was 1 .00 for both NA and RD readers. In this case 

the measurement model performs well, suggesting that the reliability of the measurement 

model as a whole is exceptionally high. Table 13 shows that 9 errors were allowed to covary 

in the NA reader group and 3 errors were allowed to covary in the RD reader group. This 

indicates that the observed scores were affected by generalized response tendencies. 
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Examination of the variance-covariance matrix of the latent constructs revealed that the 

variance and covariances of most variables including combined strategy use were greater for 

NA than RD readers (see Table 1 4). 

Table 14. Common metric completely standardized variances and covariances of latent constructs for 

NA and RD readers for Measurement Model 2 

Attributions Efficacy Metacognitive Combined Performance Ability 
Knowledge strategy use 

NA readers 
Attributions 1 .4 1  
Efficacy 1 .04 1 .45 
Meta. Knowledge 0.90 0.90 0.99 
Combined strategy 0.68 0.91 0.79 1 .02 
Performance 0.68 0.8 1 0.7 1 0.83 1 .28 
Ability 0.55 0.64 0.5 1 0.53 0.7 1 1 .2 1  

RD readers 
Attributions 0.58 
Efficacy 0.40 0.54 
Meta. Knowledge 0.53 0.46 1 .0 1  
Combined strategy 0.43 0.52 0.75 0.98 
Perfo�ance 0.42 0.46 0.5 1 0.59 0.7 1 
Ability 0.09" 0.28 022" 0.2 1 0.22 0.79 

All estimates arc significant at p S .000 I (two-tailed) for NA readers. 

All estimates arc significant at p S .05 (two-tailed) for RD readers except those indicated by '. 

The intercorrelations of the latent construct are more readily interpretable and are provided 

in Table 1 5. In general, the intercorrelations of the latent constructs were moderate and 

significant indicating the potential for path relationships between variables. Apart from the 

high correlation between combined strategy use and efficacy, combined strategy use is 

moderately correlated with metacognitive knowledge and reading performance for both NA 

and RD readers. For the most part these correlations, although moderately high, suggest that 

combined strategy use, efficacy, metacognitive knowledge, and performance are distinct 

dimensions. For both groups, metacognitive knowledge correlated more highly with combined 

strategy use than it did the other factors. Although the correlation (standardized covariance) 

between combined strategy use and performance was large, as would be expected, efficacy 

correlated more highly with performance than combined strategy use in the RD reader group. 

These fmdings suggest that although combined strategy use is an important factor in 

predicting reading performance, efficacy may be more important in predicting performance, 

particularly for RD readers. 



Table 15. Correlations of latent constructs for NA and RD readers for Measurement Model 2 

Attributions Efficacy Metacognitive Combined Perfonnance Ability 
Knowledge strategy use 

Attributions .71 .69 .57 .65 .13" 
Efficacy .73 .62 .71 .73 .42 
Meta. Knowledge .77 .75 .76 .61 .24" 
Combined strategy .56 .75 .78 .70 .23 
Perfonnance .50 .59 .63 .72 .29 
Ability .42 .49 .47 .48 .57 

207 

Triangular correlation matrix for NA readers is presented below the main diagonal and the matrix for RD readers is presented above the 

main diagonal; all correlations are significant at p S. .05 except for those indicated by ' . 

The Q-Q plot, modification indices and the correlations of the parameter estimates confirm 

the good fit of the estimated model to the data. For present purposes, the above measurement 

model was accepted as the optimum parameter specification for the construct loadings and 

measurement errors. The pattern of fixed, free, and equated parameters for the measurement 

model was kept constant in the second part of the analysis described in the next section. 

(ii) Structural model 

Having established an adequate measurement model, a structural model was tested to explain 

the relations among the six latent constructs in Model 2 (see Figure 5, p. 89). The 

hypothesized model specified that attributional style predicts metacognitive knowledge directly 

or indirectly through self-efficacy, and that combined strategy use mediates the effect of 

metacognitive knowledge on performance. It was further postulated that efficacy directly 

predicts metacognitive knowledge, combined strategy use, and reading performance. This 

model compared NA and RD readers to examine discrete differences in the structural paths 

that would account for RD readers' deficient reading performance. Hypothesized Model 2 

predicted that the six latent constructs would be similarly related to one another in NA and 

RD readers with the following exceptions: the paths between ability and attributions, ability 

and metacognitive knowledge, ability and performance, and combined strategy use and 

performance. 

Preliminary analyses of nested models (see Appendix H, section H.2) and the fmdings of 

Model 1 indicated that hypothesized Model 2 warranted respecification. The following a 

posteriori modifications were made: (a) the ability to metacognitive knowledge path, was 
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fixed to zero; and {b) the efficacy to performance path was freed across groups. This 

respecified model (Model 2.2) provided a very good fit to the data and represented the fmal 

optimum model. The model yielded �(1 37, N = 395) = 134.71 ,  p = .95; GFI = .95; NFI = 

.95; PNFI = .72; and RMR = .07 1 .  See section 0.2.2.2 of Appendix G for the LISREL 

specification of this best fitting structural model. 

Description of results of optimum structural model 

Figure 1 3  shows the common metric completely standardized solution of parameter estimates 

yielded by the analysis of the optimum structural model for NA and RD readers. All 

significant effects were positive and in the hypothesized direction (see Appendix J, Table J3, 

for t values). Measurement errors were again deleted from the figure for clarity, but the error 

variance-covariance matrix was estimated in the analyses (see Appendix I, Table I2). As 

mentioned previously, filled arrows connecting circles represent causal effects and unfilled 

arrows relating circles to rectangles represent the latent variable's effects on indicators. 

Detached arrows indicate residual variances. Solid lines depict significant effects and dashed 

lines depict nonsignificant effects. 

This model adequately fitted the data and the estimated factor loadings for this model were 

not significantly different from the final measurement model for all 14  observed indicators. 

On the basis of these analyses, the data from Model 2 would appear to provide a replication 

of the relationships found in Model 1 except for the relationship between efficacy and 

performance. This particular path was no longer significant in NA readers, although it was 

in Model 1 .  Instead, the effect of efficacy on performance was further mediated via combined 

strategy use. This mediating effect of combined strategy use on the path from efficacy to 

performance is highly significant. The indirect relationships account for most of the total 

effect of efficacy on performance, thus rendering the direct effect of efficacy on performance 

statistically nonsignificant for NA readers. Contrary to predictions, efficacy directly predicted 

performance for RD readers only. 

As seen in Figure 1 3, all causal paths were constrained to be equal across groups except for 

the following paths: ability to attributions, ability to performance, efficacy to performance, 

and combined strategy use to performance. In both groups, attributions significantly predicted 

self-efficacy (standardized solution = 0.64, t = 10.09) which in turn, predicted metacognitive 
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Figure 13. Findings of revised Model 2 for NA and RD readers. 

Nole: Failure intemal attnoution was dropped from 1bc model as an indicator because it did DOt display 
desirable mea.surcme:nt properties. 1he path from ability to metacognitivc knowledge was fixed to 
zero. To avoid clutter. measurcmeot enors are not prescnt.cd. Common metric completely 
standardized solution is presented for all parameters. 
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knowledge (standardized solution = 0.39, t = 3 .87). The effect of metacognitive knowledge 

on performance was significantly mediated by combined strategy use for both groups. The 

direct link between efficacy and combined strategy use was strong and positive (standardized 

solution = 0.36, t = 3.61),  which indicates that students with higher self-efficacy were more 

strategically engaged, irrespective of their skill level. Although the relationship between 

metacognitive knowledge and reading performance was similar across groups, as indicated by 

Model 1 ,  the findings of Model 2 suggest that combined strategy use differs in its mediating 

effect across groups. 

Both metacognitive knowledge and self-efficacy predicted combined strategy use, supporting 

Paris' ( 1 988) suggestion that strategic behaviour is a product of both "skill and will". 

Metacognitive knowledge was a stronger predictor of combined strategy use than self-efficacy. 

As hypothesized, the relationship between combined strategy use and performance differed 

across groups; the coefficient for the direct path between combined strategy use and 

performance was somewhat larger for NA (standardized solution = 0.67, t = 4.42) than for 

RD readers (standardized solution = 0.30, t = 3 .86). Efficacy was a stronger predictor of 

perfoi'mance (standardized solution = 0.64, t = 5 .50) than combined strategy use for RD 

readers, suggesting that motivational rather than cognitive factors may be more important in 

determining performance for RD readers. 

The acceptability of the revised model as an adequate representation of theory was also 

indicated by the squared multiple correlations, for each of the structural equations. Except 

for attributions, these were moderately high. For NA readers, the squared multiple 

correlations were . I 8 for attributions, .58 for efficacy, .69 for metacognitive knowledge, . 70 

for combined strategy use, and .62 for performance. For RD readers, the squared multiple 

correlations were .02 for attributions, .67 for efficacy, .36 for metacognitive �owledge, .52 

for combined strategy use, and .63 for performance. On the whole, Model 2 explained 1 3% 

more variance in reading performance for NA readers but only 3% more variance for RD 

readers than did Model 1 .  This finding again suggests that the incorporation of combined 

strategy use did not much improve the determinability of the model for RD readers, but did 

so for NA readers. 

Examination of the other detailed measures of fit (modification indices, standardized residuals 

and Q-Q plot, correlations of estimates) also indicated that the model was reasonably well 
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specified for both groups. As in the case of Model 1 ,  examination of the chi-square 

contribution suggested the model provided a better fit for NA readers ( chi-square contribution 

= 42. 1 3%) than for RD readers (chi-square contribution = 57.87%). 

In summary, the relations and hypotheses proposed for Model 2 were well supported. 

Metacognitive knowledge significantly mediated the relationship between motivational beliefs 

(attributional style, self-efficacy) and combined strategy use. Although the relationship 

between metacognitive knowledge and performance was found to be similar across groups (as 

indicated by the fmdings of Model 1 ), the mediating role played by combined strategy use 

in this relationship varied across groups. It can be concluded that there were structural 

differences between the models for NA and RD readers in the relationships between ability 

and attributions, ability and reading performance, efficacy and reading performance, and 

combined strategy use and reading performance. 

9.3.2.3 Test of proposed theoretical Model 3 

(i) Measurement model 

Model 3 extended Model 2 by examining the separate effects of the different components of 

the latent construct of combined strategy use. Before the structural effects for Model 3 were 

examined, a measurement model was specified as involving seven intercorrelated latent 

variables: ability, attributional style, self-efficacy, metacognitive knowledge, metacognitive 

strategy use, cognitive strategy use, and reading performance. Metacognitive strategy use as 

measured by self-report and by interview were specified as indicators of the metacognitive 

strategy use factor. Similarly, the interview and self-report measures of cognitive strategy use 

were specified as indicators of the latent construct of cognitive strategy use. The correlation 

matrix of the 1 6  measures for each group is shown in Table F3 (see Appendix F). 

Similar procedures to those used for Models 1 and 2 were followed in specifying the 

measurement model. For each latent construct, one construct loading was set a priori to unity. 

Each measure was allowed to load on only one factor, with the loadings on other factors fixed 

to zero. As with Model 2, the error variance of ability was fixed to 33.61 for NA readers and 

32.90 for RD readers; the error variance of the PAT indicator was ftxed to 8. 1 8  for the RD 

reader group. 
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As before, errors were allowed to covary in Model 3 .  Thirteen errors were allowed to covary 

in the measurement model for NA readers and 8 were allowed to covary in the measurement 

model for RD readers (see Table 1 7, p. 214). Although errors of the behavioural measures 

were allowed to intercorrelate within each group on a priori grounds, modification indices 

suggested that relaxing these errors would not result in a further significant improvement in 

goodness-of-fit. Consequently these error covariances were excluded from the model. As 

with Models 1 and 2, the construct loadings of all variables except failure attributions were 

constrained to be equal across groups for Model 3. This measurement model accurately 

reproduced observed covariances; its goodness-of-fit surpassed the .90 indicative of well

fitting models. This model yielded, :f(1 55, N = 395) = 122.43, p = .97; GF l = .96; NFI = 

. 96; PNFI = .62; and RMR = .042. An examination of the modification indices suggested 

that the model could not be substantially improved. None exceeded the 5.00 cutoff 

recommended by Joreskog and Sorbom (1 989). No further tests of invariance were done as 

results of measurement Model 1 indicated that further improvement of fit would be unlikely. 

See section G.3 .2. 1 of Appendix G for the LISREL specification of the optimal measurement 

model. 

The LISREL estimates of the construct loadings, error/factor variances and covariances, and 

correlations of latent constructs for the optimum measurement model are presented in Tables 

1 6  - 1 9. These LISREL estimates were similar to those found in Models 1 and 2. Table 16  

shows generally sizeable factor loadings for both groups thus establishing convergent validity. 

Moreover, no confidence interval computed around the factor correlations included 1 .0 for 

both groups, signalling discriminant validity (J. C. Anderson & Gerbing, 1 988). All factor 

loadings were highly significant (t � 10.03, p � .0001)  as can be seen by the small standard 

errors, and confirms the hypothesized factor structure. 

The measures of metacognitive and cognitive strategy use in both gro\lpS had lo:vv to moderate 

reliability (.45 - . 70). Examination of Table 1 6  indicates that self-report metacognitive and 

cognitive strategy use had higher reliability estimates for RD readers than for NA readers. 

Conversely, metacognitive and cognitive strategy use as measured by the interview method 

had higher reliability for NA readers than for RD readers. 
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Table 16. Factor loadings and reliabilities of indicators for Measurement Model 3 

NA Readers 

CONSTRUCT/ unstandardized standardized• reliability" 
indicator (SE) 

A TIRIBUTIONS 
Success 
intemality 
controllability 
stability 

Failure 
controllability 
stability 

EFFICACY 
general 
task-specific 

MET A COGNITIVE 
KNOWLEDGE 
MSI 
IRA 

MET A COGNITIVE 
STRATEGY USE 
self-report 
behavioural 

COGNITIVE 
STRATEGY USE 

0.84 (0.05) 

1 .00' 

0.98 (0.05) 

0.60 (0.06) 

0.57 (0.06) 

0.06 (0.00) 

1 .00' 

1 .00' 

0.99 (0.09) 

1 .00' 

4.6 1 (0.38) 

self-report 1 .00' 

behavioural 2.29 (0. 1 8) 

PERFORMANCE 
PAT 1 .00' 

classroom 0.67 (0.05) 

ABILITY 
WISC-R I .ooc 

0.69 

0.80 

0.79 

0.5 1 

0.47 

0.76 

0.75 

0.73 

0.64 

0.78 

0.72 

0.80 

0.75 

0.94 

0.67 

0.75 

.71 

.77 

.76 

.43 

.39 

.58 

.62 

.50 

.50 

.54 

.59 

.59 

.69 

.85 

.56 

All Loadings that were estimated are significant at p :5 0.000 I (2 tailed). 

' Refers to common metric completely standardized solution. 
• Estimated in LISREL (JOreskog & SOrbom, 1993). 
• Fixed value or reference indicator. 

RD readers 

unstandardized standardized• reliabilityb 
(SE) 

0.84 (0.05) 

1 .00' 

0.98 (0.05) 

1 .35 (0. 1 2) 

1 .52 (0. 12) 

0.06 (0.00) 

1 .00' 

1 .00' 

0.99 (0.09) 

1 .00' 

4.6 1 (0.38) 

1 .00' 

229 (0. 1 8) 

1 .00' 

0.67 (0.05) 

1 .00' 

0.69 

0.80 

0.79 

l . l 6  

1 .25 

0.76 

0.75 

0.73 

0.64 

0.78 

0.72 

0.80 

0.75 

0.94 

0.67 

0.75 

28 

.46 

.46 

.67 

.76 

.48 

.45 

.57 

.37 

.70 

.45 

.66 

.49 

.95c 

.33 

.5oc 

Table 1 7  presents the variances and covariances of the measurement errors. As for Models 

1 and 2, there is evidence of a patteming of nonzero error covariances, suggesting evidence 

of shared variance in the manifest indicators which is not explained by the latent variables of 

the model. 
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Table 17. Common metric completely standardized solution of error variances and covariances for NA 
and RD readers for Measurement Model 3 

NA readers 

1 .  contros 
2. stabs 
3 .  stabf 
4.  controf 
5 .  inters 
6. effica 
7. efficb 
8. msi 
9. ira 

1 0. meta 
1 1 . coga 
1 2 .  metb 
1 3. cogb 
1 4. pat 
1 5. class 
1 6. iq 

RD readers 

1 .  contros 
2 .  stabs 
3 .  stabf 
4. controf 
5 .  inters 
6. effica 
7. efficb 
8. msi 
9. ira 

1 0. meta 
1 1 . coga 
1 2 .  metb 
1 3 .  cogb 
14.  pat 
1 5. class 
1 6. iq 

2 

0.27 

0.27 

-0. 1 0  

-0.08 

0.46 

0. 1 3  0.43 

3 4 

0.49 

0. 1 6  0.48 

0.09 

0. 1 1  

0.29 

0.38 

5 6 

0.27 

0.60 

0.07 

-0. 1 2  

0. 1 0  

-0. 1 4  0.7 1 

0.35 

7 

0.49 

0.25 

0. 1 8  

0.06 0.38 

-0.08 

-0.09 

8 9 1 0  1 1  1 2  1 3  1 4  1 5  

0.53 

0.4 1 

0.59 

0. 1 3  0.42 

-0. 1 1  0.4 1 

0. 1 5  

0.4 1 

0.73 

-0.09 0.23 

0.36 

0.24 

0. 1 9  

0.46 

0.56 

0. 12  0.63 

o.o3a 

0. 1 0  0.64 

1 6  

0.451 

0.441 

Key of variables names: contros = controllability dimension of success attributions; stabs = stability dimension of success attributions; stabf 
= stability dimension of failure attributions; controf = controllability dimension of failure attributions; inters = intemality dimension of 
success attributions; effica = general measure of self-<fficacy; efficb "' task-specific measure of self-<fficacy; msi = MSI measure of 
metacognitive knowledge; ira = IRA measure of metacognitive knowledge; meta "' self-report measure of metacognitive strategy use; coga 
"' self-report measure of cognitive strategy use; metb "' behavioural measure of metacognitive strategy use; cogb "' behavioural measure of 
cognitive strategy use; pat "' standardized measure of reading comprehension; class "' classroom measure of reading performance; iq "' 

intellectual ability as measured by WISC-R. All residuals are significant at p S .05 (two-tailed). 
For purposes of simplicity, all error variances and covariances have been combined into a single matrix. 

• Unstandardizcd values of these parameters were fixed. 

As with Models 1 and 2, the variances/covariances of the latent constructs in the NA reader 

group are generally higher than those in the RD reader group (see Table 18). Conceptual 

distinctiveness for the model constructs is suggested by the data in Table 1 9. In general, the 
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latent constructs for each group were moderately intercorrelated. Metacognitive strategy use 

is strongly correlated with metacognitive knowledge, efficacy, reading performance, and 

cognitive strategy use for both NA 'and RD readers (see Table 19). For both groups, 

compared to metacognitive strategy use, correlations between cognitive strategy use and the 

other latent constructs were lower. This finding suggests that in general metacognitive 

strategy use may be more strongly related to the other latent constructs than cognitive strategy 

use. The markedly different correlations between metacognitive knowledge and the two types 

of strategy use imply that metacognitive knowledge may be a better predictor of 

metacognitive than of cognitive strategy use. 

Table 18. Common metric completely standardized variances and covariances of latent constructs for 
NA and RD readers for Measurement Model 3 

Attributions Efficacy Metacognitive 
Knowledge 

NA readers 
Attributions 1 .4 1  
Efficacy 1 .03 1 .45 
Meta. Knowledge 0.90 0.89 0.99 
Metacognitive 0.72 0.95 0.76 
Cognitive 0.44 0.76 0.64 
Perfonnance 0.68 0.79 0.70 
Ability 0.55 0.66 0.5 1 

RD readers 
Attributions 0.59 
Efficacy 0.39 0.54 
Meta. Knowledge 0.53 0.45 1 .0 1  
Meta. strategy use 0.47 0.49 0.74 
Cog. strategy use 0.36 0.45 0.68 · 
Perfonnance 0.42 0.45 0.5 1 
Ability 0.09' 0.27 0.21'  

All estimates arc significant at p � .001 (two-tailed) for N A  readers. 
All estimates arc significant at p � .01 (two-tailed) for RD readers. 
• Indicates that estimates are not significant. 

Metacognitive 
strategy use 

1 . 1 3  
0.69 
0.8 1 
0.52 

0.87 
0.68 
0.53 
0. 1 6' 

Cognitive Perfonnance Ability 

strategy use 

0.93 
0.76 1 .29 
0.47 0.71 1 .2 1  

1 .07 
0.53 0.70 
0.21 '  0.22 0.79 

Inspection of the standardized residuals and the Q-Q plot showed that the model was well 

fitting, as 95% of the residuals were within 2 standard deviations of zero. Modification 

indices and the correlations of the parameter estimates also confirm the good fit of the 

estimated model to the data. For present purposes, the above measurement model was 

accepted as best fitting the data. The pattern of fixed, free, and equated parameters for the 

measurement model was kept constant (but not fixed) in the second part of the analysis. 
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Table 19. Correlations of latent constructs for NA and readers for Measurement Model 3 

Attributions Efficacy Metacognitive Metacognitive Cognitive Perfonnance 
Knowledge strategy use strategy use 

Attributions .69 .69 .65 .45 .65 
Efficacy .72 .61 .71 .60 .73 
Meta. Knowledge .76 .74 .79 .66 .60 
Meta. strategy use .57 .74 .72 .71 .68 
Cog. strategy use .38 .65 .67 .67 .61 
Perfonnance .5 1 .58 .62 .67 .69 
Ability .42 .50 .47 .44 .44 .57 

Ability 

.13" 

.42 

.24" 

.20" 
.23" 
.29 

Triangular correlation matrix for NA readers is presented below the main diagonal and the matrix for RD readers is presented above the main 

diagonal. All correlations are significant at p S .0 I (two-tailed) except for those indicated by •. 

(ii) Structural model 

Theoretical Model 3 (see Figure 6, p. 91)  specified that motivational beliefs (attributions, 

efficacy) predict metacognitive knowledge, and that metacognitive strategy use mediates the 

effect of metacognitive knowledge on performance. It was further postulated that efficacy 

directly predicts strategy use (both cognitive and metacognitive) and reading performance. 

It was also theorized that the model would be essentially the same for NA and RD readers 

except for the following paths: ability to attributions, ability to metacognitive knowledge, 

ability to performance, and cognitive strategy use to performance. These paths were 

hypothesized to be statistically nonsignificant for RD readers but significant for NA readers. 

In addition, for this model, the disturbances of metacognitive and cognitive strategy use 

factors were allowed to covary (represented in the LISREL specification by freeing the 

corresponding off-diagonal elements of the i' matrix; see Appendix 0, section 0.3.2.3). This 

assumption was necessary because the model equations were such that the causally antecedent 

latent variables of metacognitive knowledge, efficacy, attributional style and ability were 

insufficient to explain all of the estimated covariation/correlation between metacognitive and 

cognitive strategy use. 

A number of competing models were initially tested, the results of which are summarized in 

Table H4 (see Appendix H, section H.3). The fmdings of the two previously tested models 

(Models 1 and 2), and the competing nested models suggested that hypothesized Model 3 
' 

warranted respecification. More specifically, ability did not directly predict metacognitive 

knowledge and the relationship between efficacy and performance was not similar across 

groups. This respecified model (Model 3 .2) provided a good fit to data. The model yielded, 

�(178, N = 395) = 1 59.0 1 ,  p = .84, GF1 = .95, NFI = .95, PNFI = .70, and Rl\1R = .074. 

A LISREL specification of this optimum model is provided in section 0.3.2 of Appendix G. 
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Description of results of optimum structural model 

Comparison of the nested models indicated that Model 3 .2 was the best fitting structural 
\ 

model (see Appendix H, section H.3). The common metric completely standardized solution 

of the parameter coefficients of this revised structural model is presented in Figure 14 for NA 

and RD readers. All significant effects were positive and in the hypothesized direction (see 

Appendix J, Table J4, for t values). Although errors of measurement and covariances of the 

structural disturbances were deleted from the figure for clarity, the measurement error 

variance-covariance matrix (see Appendix I, Table 13) and the structural disturbance variance

covariance matrix were estimated in the analysis. The covariance between the disturbances 

of the metacognitive and cognitive strategy use factors was significant ( 1/; = 0. 1 6, t = 2. 1 3  for 

NA readers; 1/; = 0. 1 8, t = 2.55 for RD readers) indicating the existence of sources of variance 

in common between metacognitive and cognitive strategy use which were not explained by 

the predictor variables in the model. 

The respecified model adequately fitted the data and the estimated factor loadings were not 

markedly different from the fmal measurement model for all 16  observed indicators. As 

mentioned earlier, the parameter estimates of the measurement model may not be identical 

to those in this model as a full system of equations containing both measurement and 

structural effects were solved here. All hypothesized loadings were highly significant (p :S 

.0001) . The fmdings of Model 3 appear to provide a replication of the structural relationships 

found in Model 2. Model 3 also clarified further the relationship between combined strategy 

use and performance. Essentially, the findings suggested that the dissimilarity in the 

relationship between strategy use and performance across groups was due to one component 

of strategy use, namely, cognitive strategy use. For NA readers cognitive strategy use was 

a significant predictor of reading performance whereas for RD readers it was not. 

In both groups, ability significantly predicted self-efficacy (standardized solution = 0.27, t = 

4.09) which in turn, predicted metacognitive knowledge (standardized solution = 0.36, t = 

3 .82). The relationship between motivational beliefs and metacognitive/cognitive strategy use 

was significantly mediated by metacognitive knowledge. As hypothesized, efficacy had a 

direct and positive effect on both metacognitive and cognitive strategy use, thus supporting 

previous empirical research. However, this fmding is contrary to Borkowski et al.'s ( 1989, 

1 990, 1 992) theoretical prediction which suggests that efficacy does not directly predict 

cognitive strategy use. 



NA readers 

0.29 
- - - - - - - -- - - - - - - - - - - - - - - - - - _ _ _ , 

RD reoders  

Figure 14. Findings of revised Model 3 for NA and RD readers. 

Note: Failure intcmal attnoution was dropped from the model as an indicator because it did not display 
desirable measurement properties. The path from ability to metacogoitive knowledge was fixed to 
zero. To avoid clutter, measurement erroiS and correlated disturbances are not presented. Common 
metric comoletelv standardized solution is presented for all par.uneteiS. 
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The direct effects of efficacy and metacognitive knowledge on both metacognitive and 

cognitive strategy use were all positive and significant as hypothesized. Metacognitive 

knowledge had stronger direct effects on metacognitive strategy use (standardized solution = 

0.50, t = 4.50) and cognitive strategy use (standardized solution = 0.42, t = 4.02) than did any 

of the other variables in the study. The significant relationship between metacognitive 

knowledge and cognitive strategy use for RD readers provides indirect support for the 

inefficient learner view of reading disability. 

The fmdings of Model 3 provide some explication of the observations from Model 2 that the 

relationship between combined strategy use and reading performance was not similar across 

groups. Examination of the subcomponents of combined strategy use revealed that only one 

of the subcomponents of strategy use (cognitive strategy use) contributed to the dissimilarity 

in the relationship between combined strategy use and performance across groups. The 

relationship between metacognitive strategy use and performance was similar across groups. 

More specifically, whereas metacognitive strategy use is significantly associated with reading 

performance in both groups, cognitive strategy use is significantly related to performance for 

NA readers only. The nonsignificant relationship between cognitive strategy use and 

performance in RD readers supports both the "inefficient" and "inactive" learner views of 

reading disability. 

Motivational and metacognitive/cognitive strategy use variables varied in their impact on 

reading performance across groups. For RD readers, self-efficacy had a stronger direct effect 

on reading performance (standardized solution = 0.6 1 ,  t = 5. 14) than either metacognitive 

(standardized solution = 0.22, t = 2.39) or cognitive strategy use (standardized solution = 0. 12,  

t = 1 .63). This fmding implies that motivational variables may be more important in 

determining the level of performance for RD readers. Conversely, both metacognitive 

(standardized solution = 0.22, t = 2.39) and cognitive strategy use (standardized solution = 

0.47, t = 4. 1 2) variables had stronger direct effects on performance than self-efficacy 

(standardized solution = 0.04, t = 0.35) for NA readers. 

Both metacognitive and cognitive strategy use had differential effects on performance and 

these effects varied across groups. As hypothesized, cognitive strategy use was a stronger 

predictor of reading performance than metacognitive strategy use for NA readers. The 

converse was true for RD readers. The primary distinctions between the two groups were in 

the different weighting of the paths between ability and attributions, ability and performance, 
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efficacy and performance, and cognitive strategy use and performance. For RD readers, with 

the exception of the path efficacy to performance, the aforementioned paths were not 

statistically significant. 

More than 60% of the variance in reading performance was accounted (or in both groups. 

The coefficient of determination for the dependent (endogenous) and independent (exogenous) 

manifest indicators were 1 .00 and .55 (range .50 to .60) respectively for both groups. This 

evidence suggests that the structural model not only fitted the data well, but that it also had 

a high degree of determinability, both for the predictor and the dependent manifest indicators. 

In summary, the relations proposed in Theoretical Model 3 were generally well supported. 

It can be concluded that: (a) metacognitive and cognitive strategy use differentially affect 

reading performance; (b) efficacy has a direct effect on both metacognitive and cognitive 

strategy use; (c) metacognitive knowledge significantly mediates the relationship between 

motivational beliefs and metacognitive/cognitive strategy use; (d) metacognitive strategy use 

mediates the relationship between metacognitive knowledge and reading performance; (e) the 

relationship between cognitive strategy use and performance is not similar across groups; (f) 

the relationship between metacognitive knowledge and cognitive strategy use in RD readers 

supports the "inefficient" learner view; (g) motivational and cognitive/metacognitive strategy 

use variables may vary in their importance in determining performance across groups. 

9.3.2.4 Test of proposed theoretical Model 4 

(i) Measurement model 

Model 4 examined more precisely the relationships between different dimensions of success 

and failure attributions on other latent constructs of interest. Before the structural effects for 

Model 4 were examined, a measurement model was specified as involving eight 

intercorrelated latent variables: ability, attributions for success outcome, attributions for failure 

outcome, self-efficacy, metacognitive knowledge, metacognitive strategy use, cognitive 

strategy use, and reading performance. In line with previous research (Hull & Mendolia, 

1991), the construct of attributional style was conceptualized as separate factors for success 

and failure outcomes. Internal, controllable and stable attributions for success were allowed 

to load on the success attributional style factor whilst controllable and unstable attributions 

for failure were allowed to load on the failure attributional style factor. 
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Similar procedures to those used in previous models were followed in specifying the 

measurement model. For each latent construct, one construct loading was set a priori to unity. 

Each manifest variable was allowed to load onto one and only one of the eight latent 

constructs; its loadings onto other factors were fixed to zero. The error variances of ability 

for NA and RD readers, and the error variance of the PAT for RD readers, were fixed to 

values identical to those used in Models 2 and 3 .  

LISREL analyses of Models 1 ,  2, and 3 suggested inequality of failure attributions loadings 

across groups for a single latent factor model of attributions. However, preliminary LISREL 

analyses indicated equality of failure attributions loadings for the two latent factors model of 

attributional style. Consequently, a model that specified all factor loadings (including that of 

failure attributions) to be invariant across groups was tested. This model yielded x2( 146, N 

= 395) = 1 2 1 .56, p = .93 ; GF1 = .96; NFI = .96; PNFI = .58; and RMR = .040. Altogether 

thirteen errors in the NA reader group and four in the RD reader group were allowed to 

covary (see Table 2 1 ,  p. 223). Again, as in the preceding models, the inclusion of correlated 

errors resulted in significant improvement in model fit but had almost no impact on the 

estimated latent factor correlations. An examination of the modification indices suggested that 

the model could not be substantially improved. None exceeded the 5.00 cutoff recommended 

by Joreskog and Sorbom (1 989). 

At first sight, the finding of total factorial invariance across groups seems inconsistent with 

that from preceding models, which suggested different factor loadings for the failure 

attribution measures between groups. However, this can be explained by the fact that in 

previous models group differences were reflected in higher factor loadings for failure 

measures in the RD reader group, but in Model 4 these differences are now reflected in the 

variance of the failure attributional style construct for the two groups. The variance of this 

construct in the RD reader group is substantially higher than for the NA reader group (see 

Table 22, p. 224). See section G.4.2. 1 of Appendix G, for the LISREL specification of the 

best fitting model. 

The LISREL estimates for the optimum measurement model which specified total invariance 

of factor loadings across .groups are presented in Tables 20 through 23. These LISREL 

estimates are similar to those in previous models except for the attribution indicators. Table 

20 shows generally much larger factor loadings for the attributional style indicators compared 

to those of previous models. Although the parsimony fit index suggests that Measurement 

Model 3 is more parsimonious than Measurement Model 4, a comparison of the NFI and GFI 

goodness-of-fit indices suggests that the two models may be comparable, whilst the RMR 
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index suggests that Model 4's two factor model of attributions is better. Factor loadings of 

all indicators were highly significant (t � 1 0.73, p :S .0001) which confirmed the hypothesized 

factor structure. 

Table 20. Factor loadings and reliabilities of indicators for Measurement Model 4 

NA readers RD readers 

CONSTRUCT/ unstandardized standardized• reliability" unstandardized standardized• reliability" 
indicator (SE) (SE) 

SUCCESS 
ATTRIBUTIONS 
intemality 0.82 (0.05) 0.71 .70 0.82 (0.05) 0.7 1 0.32 

controllability I .ooc 0.84 .77 I .ooc 0.84 0.58 

stability 0.98 (0.05) 0.83 .76 0.98 (0.05) 0.83 0.59 

FAILURE 
ATTRIBUTIONS 
controllability 1 .09 (0.07) 0.80 .6 1 1 .09 (0.07) 0.80 .78 

stability I .ooc 0.84 .57 1 .00c 0.84 .69 

EFFICACY 
general l .OOb 0.74 .58 1 .00 0.74 .47 

task-specific 1 8.08 (1 .42) 0.75 .63 1 8.08 ( 1 .42) 0.75 .45 

MET A COGNITIVE 
KNOWLEDGE 
MSI I .ooc 0.74 .53 I .ooc 0.74 .57 

IRA 0.97 (0.09) 0.65 .5 1 0.97 (0.09) 0.65 .36 

MET A COGNITIVE 
STRATEGY USE 
self-report I .ooc 0.78 .55 I .ooc 0.78 .7 1 

behavioural 4.53 (0.37) 0.71 .59 4.53 (0.37) 0.7 1 .44 

COGNITIVE 
STRATEGY USE 
self-report I .ooc 0.79 .59 I .ooc 0.79 .67 

behavioural 2 .26 (0. 1 8) 0.75 .68 226 (0. 1 8) 0.75 .49 

PERFORMANCE 
PAT I .ooc 0.94 .86 I .ooc 0.94 .95c 

classroom 0.67 (0.05) 0.67 .56 0.67 (0.05) 0.67 .33 

ABILITY 
WISC-R I .ooc 0.75 .6oc t .ooc 0.75 .5oc 

All Loadings that were estimated arc significant at p � 0.0001 (2 tailed}. 
• Rc:fc:rs to common metric complc:tc:ly standardized solution. 
� Estimated by USREL (JOreskog & Sorbom, 1993}. 
• Fixed value: or reference: indicator. 

The statistically significant variances and covariances of the measurement errors (p :S .05) 

suggest that the observed scores in the two groups were subject to measurement error and 
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affected by generalized response tendencies (see Table 21). Inclusion of correlated errors 

resulted in significant improvement of model fit; however, as in previous models, the 

underlying pattern of covariances estimated between the latent factors was not noticeably 

affected regardless of the error covariance structure imposed. 

Table 21. Common metric completely standardized solution of error variances and covariances for NA 
and RD readers for Measurement Model 4 

2 

NA readers 
I .  contros 027 

2. stabs 0.28 

3 

3. stabf 0.34 

4. controf 
5 .  inters 
6.  effica 
7. efficb 
8. msi -0. 1 4  

9.  ira -0.09 -0.09 

1 0. meta 
1 1 . coga 
1 2. metb 
1 3 .  cogb -0.07 

14.  pat 
1 5 .  class 
1 6 .  iq 

RD readers 
1 .  contros 0.34 

2. stabs 0.33 

3. stabf 0.38 

4. controf 
5 .  inters 
6. effica 

7. efficb 
8. msi 
9. ira 

1 0. meta 
1 1 . coga 
1 2. metb 
1 3 .  cogb 
1 4. pat 
1 5. class 

1 6 .  iq 

4 5 6 7 

0.33 

0.28 

8 9 10 1 1  1 2  1 3  1 4  1 5  1 6  

0. 1 1  0.57 

0.25 

0.07 0.49 

0.50 

0.42 

-0. 1 2 0.57 

0. 1 0  0. 13  0.40 

0.73 

0.33 

-0. 1 1 0.4 1 

0.25 

0.25 0. 1 5  0. 1 9  

0 . 1 8  0.46 

0.37 

-0.09 

0.40 

0.74 

-0.08 021 

0.34 

0.57 

0. 1 2· 0.64 

0.03& 

0 . 1 0  0.64 

0.45. 

0.44· 

Key of variables names: contros = controllability dimension of success attributions; stabs == stability dimension of success attributions; stabf 
• stability dimension of failure attributions; controf = controllability dimension of failure attributions; inters = intemality {locus) dimension 
of success attributions; effica = general measure of self-efficacy; c:fficb = task-specific measure of self-efficacy; msi = MSI measure of 
metacognitivc: knowledge:; ira = IRA measure of metacognitive knowledge; meta = self-repon measure of metacognitive strategy use:; coga 
= self-repon measure of cognitive strategy use; metb = behavioural measure of mc:tacognitive strategy use; cogb = behavioural measure of 
cognitive strategy use; pat = standardized measure of n:ading comprehension; class = classroom measure of reading performance; iq = 
intellectual ability as measured by WISC-R. All residuals are significant at p S .OS {two-tailed). 
For purposes of simplicity, all error variances and covariances have been combined into a single matrix. 

• Unstandardized values of these parameters wc:re fixed. 
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Table 22 indicates that the variances and covariances of the latent constructs were generally 

higher for NA readers than for RD readers. Examination of the within group completely 

standardized solution of the factor variance-covariance matrix (see Table 23) indicated success 

and failure attributions were highly correlated for both groups (.82 for NA readers and .85 

for RD readers). Correlations between success attributions and the latent constructs of 

efficacy (.73), metacognitive strategy use (.57), and performance (.50) were higher than the 

correlations of these latent constructs with failure attributions for NA readers. For RD 

readers, failure attributions had higher correlations with self-efficacy (.70), metacognitive 

knowledge (.70), and performance (.64) than success attributions. These fmdings suggest that 

success and failure attributions may differentially predict self-efficacy across groups, and that 

failure rather than success attributions may be more important in predicting metacognitive 

knowledge. Ability correlated highly and comparably with both success (.41)  and failure (.42) 

attributions for NA readers. For RD readers, ability had low correlations with success (.2 1 )  

and failure (. 1 1 ) attributions. 

Table 22. Common metric completely standardized variances and covariances of latent constructs for 
NA and RD readers for Measurement Model 4 

Success Failure Efficacy Metacognitive Metacognitive Cognitive Performance Ability 
Attributions Attributions Knowledge strategy use strategy use 

NA readers 
Success Attrib. 1 .32 
Failure Attrib. 0.80 0.7 1 
Efficacy 1 .00 0.62 1 .45 
Meta. Knowledge 0.88 0.68 0.9 1 
Meta. strategy 0.69 0.49 0.96 
Cog. strategy 0.41 0.32 0.75 
Performance 0.66 0.47 0.79 
Ability 0.52 0.39 0.66 

RD readers 
Success Attrib. 0.68 
Failure Attrib. 0.79 1 .29 
Efficacy 0.40 0.50 0.54 
Meta. Knowledge 0.45 0.79 0.45 
Meta. strategy 0.49 0.65 0.48 
Cog. strategy 0.39 0.47 0.45 
Performance 0.41 0.6 1 0.45 
Ability 0. 16" 0 . 121 0.28 

All estimates are significant at p S .001 (two-tailed) for NA readers. 

All estimates are significant at p S .OS (two-tailed) for RD readers. 
• Indicates that estimates are not significant 

1 .02 
0.77 1 . 1 3  
0.64 0.69 0.93 
0.72 0.8 1 0.76 
0.52 0.52 0.47 

0.98 
0.72 0.87 
0.67 0.69 1 .07 
0.50 0.53 0.52 
0.21 "  0. 1 6" 0.23 

1 .3 0  
0.7 1 1 .21  

0.70 
0.22 0.79 



Table 23. Correlations of latent constructs for NA and RD readers for Measurement Model 4 
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Success Failure Efficacy Metacognitive Metacognitive Cognitive Perfonnance Ability , 
Attributions Attributions Knowledge strategy use strategy use 

Success Attrib. .85 .66 .55 .64 .45 .59 .21" 
Failure Attrib. .82 .70 .70 .61 .39 .64 . 1 1" 
Efficacy .73 .6 1 .62 .71 .60 .73 .43 
Meta. Knowledge .76 .80 .75 .78 .66 .60 .24" 
Meta. strategy .57 .55 .75 .72 .71 .68 .20' 
Cog. strategy .37 .39 .65 .66 .67 .60 .24 
Performance .50 .49 .58 .62 .67 .69 .29 
Ability .4 1 .42 .50 .47 .45 .44 .57 

Triangular correlation matrix for NA readers is presented below the main diagonal and the matrix for RD readers is presented above the main 

diagonal. All correlations are significant except for those indicated by •. 

Inspection of the standardized residuals and the Q-Q plot suggested that the model fitted well, 

since 95% of the residuals were within 2 standard deviations of the mean. Modification 

indices and the correlations of the parameter estimates also confirm the good fit of the 

estimated model to the data. For present purposes, the above measurement model was 

accepted as the optimum parameter specification for the construct loadings and measurement 

errors. This pattern of fixed, free, and equated parameters for the measurement model was 

kept constant in the second part of the analysis described in the following section. 

(ii) Structural model 

In this model, structural parameters were incorporated into the model and were again 

estimated simultaneously for both groups. In Model 4, attributional style was respecified to 

form two latent variables, one for success outcomes and the other for failure outcomes. 

Previous studies (Berndt & Miller, 1 990; Carr et al., 1 991)  had conceptualized both success 

and failure attributions as imperfect measures of a more global attributional construct. An 

implicit assumption underlying attributions in these studies is that the responses to attribution 

items for both failure and success outcomes are reasonably unidimensional. On the other 

hand, Sweeney et al. ( 1 986) have provided evidence from the depression literature that 

information about attributions from different outcomes may be differentially related to other 

latent constructs of interest. Thus, Model 4 was tested to investigate the relationships between 

attributions for different outcomes (success vs failure) and ability, self-efficacy, metacognitive 

knowledge, cognitive/metacognitive strategy use, and reading performance. For Model 4, the 

disturbances were allowed to covary between the cognitive and metacognitive strategy use 
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factors, and also between the success and failure attributional style factors (see Appendix G, 

section G.4.2.3). Correlated structural disturbances were allowed since it was assumed that 

there was common unexplained variance shared between the subcomponents of attributional 

style and between the subcomponents of combined strategy use factors that was not accounted 

for by the other variables in the model. 

Theoretical Model 4 (see Figure 7, p. 94) specified that both success and failure attributions 

predict efficacy and metacognitive knowledge. It was also posited that both these components 

of attributions predict metacognitive knowledge indirectly through self-efficacy, and that 

metacognitive strategy use mediates the effect of metacognitive knowledge on performance. 

The relationships between success/failure attributions and efficacy were hypothesized to be 

similar across groups, as were the relationships between success/failure attributions and 

metacognitive knowledge. The paths ability to attributions (both success and failure), ability 

to metacognitive knowledge/performance, and cognitive strategy use to performance were 

hypothesized to be statistically nonsignificant for RD readers but significant for NA readers. 

A nested sequence of competing models was tested initially, the details of which are presented 

in section H.4 of Appendix H. Findings of the competing models as well as the results of 

Models 1 through 3 indicated that hypothesized Model 4 warranted respecification. Based on 

the results the following respecifications were made: (a) the path ability to metacognitive 

knowledge was fixed to zero, (b) the path efficacy to performance was freed across groups, 

(c) the paths success/failure attributions to efficacy was freed across groups, and (d) the path 

success attributions to metacognitive knowledge was fixed to zero. This respecified model 

(Model 4.5) provided a substantially good fit to the data and represented the fmal optimum 

model. The model yielded x2(176, N =  395) = 159.67, p = .81 ,  GFI = .95, NFI = .95, PNFI 

= .69, and RMR = .050 (see Appendix H, section H.4, Table H5). 

Description of results of optimum structural model 

Comparison of the nested models indicated that Model 4.5 provided the best fit to the- data 

(see Appendix H, Table H5). Figure 1 5  presents the results of this revised strUctural model 

for NA and RD readers. All significant effects were positive and in the hypothesized 

direction (see Appendix J, Table J5, for t values, and within group standardized solution). 

Variances and covariances of measurement errors (see Appendix I ,  Table I4) as well as the 
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Figure 15. Findings of revised Model 4 for NA and RD readers. · 

Note: Failure intemal attooution was dropped from the model as an indicator because it did not display 
dcsiiable measurement properties. The path from ability to metacognitive knowledge was fixed to 
zero. To avoid clutter. measurement errors and correlated disturbances are not presented. Common 
m�tric comnle�lv !rtandardized solution is nresented for all nnrameters. 
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covariances between the structural disturbances were deleted from the figure for clarity but 

were estimated in the analysis. The covariances of the disturbances between the latent 

constructs of cognitive and metacognitive strategy use ( t/1 = 0. 15, t = 2. 13 for NA readers; t/1 
= 0.20, t = 2. 78 for RD readers) and between success and failure attributions ( t/1 = 0.62, t = 
6.36 for NA readers; t/1 = 0.76, t = 7.23 for RD readers) were statistically significant (p :::; .01) 

suggesting that there was some common unexplained variance shared between the attributional 

style factors and between the strategy use factors, that did not account for all the variance 

between the factors and that was omitted from the model. 

This model provided an extremely good fit to the data, x2(1 76) = 1 59.67, p = . 8 1 ;  GFI = .95; 

NFI = .95; PNFI = .69; RMR = .050, and the factor loadings were not significantly different 

from those estimated for the fmal measurement model for all 16  observed indicators. All 

hypothesized loadings were highly significant (p :5 .0001)  and thus confirmed the 

hypothesized factor structure. The structural relationships in Model 3 were essentially 

replicated in this model. 

The significance of Model 4 rests on its fmdings that success and failure attributions have 

differential effects on metacognitive knowledge and self-efficacy and these effects vary across 

groups. Success attributional style was predictive of efficacy for NA readers; for RD readers, 

failure attributional style was predictive of efficacy. Another important fmding was that in 

both groups only failure attributions significantly predicted metacognitive knowledge. 

At first sight, the above fmdings particularly that between attributional style and self-efficacy 

seem contradictory to the fmdings of Models 1 through 3. The fmdings of the previous 

models suggested that the magnitude of the relationship between attributional style and 

efficacy is similar across groups. One explanation that can be offered for this inconsistency 

is to suggest that the joint influence of success and failure attributions to effi�acy is similar 

across groups, but the individual effects of these subcomponents vary in magnitude across 

groups. 

As hypothesized, ability predicted both success and failure attributions for NA readers but not 

for RD readers. Ability was a stronger predictor of success attributions (standardized 

solution = .45, t = 4.53) than failure attributions (standardized solution = .35, t = 4.36).  For 

RD readers, as hypothesized, ability did not predict reading performance. Failure attributional 
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style was a better predictor of metacognitive knowledge (standardized solution = .46, t = 5.95) 

than self-efficacy. 

\ 

As was seen in Model 3, metacognitive knowledge had stronger direct effects on 

metacognitive strategy use (standardized solution = .52, t = 4.8 1 )  and cognitive strategy use 

(standardized solution = .44, t = 4.23) than did efficacy. Cognitive strategy use was a 

significant predictor of reading performance for NA readers only. For both groups, the effect 

of metacognitive knowledge on performance was significantly mediated by metacognitive 

strategy use. The direct and positive links between efficacy and metacognitive/cognitive 

strategy use indicate that students who feel efficacious are more likely to engage in strategy 

use. The primary distinctions between the two groups were in the different weighting of the 

relationships between ability and success/failure attributions, success/failure attributions and 

efficacy, ability and performance, efficacy and performance, and cognitive strategy use and 

performance. 

> 
For NA readers, the squared multiple correlations were . 19  for success attributions, .20 for 

failure attributions, .56 for efficacy, .69 for metacognitive knowledge, .63 for metacognitive 

strategy use, .49 for cognitive strategy use, and .62 for performance. For RD readers, the 

squared multiple correlations were .04 for success attributions, .01 for failure attributions, .68 

for efficacy, .54 for metacognitive knowledge, .66 for metacognitive strategy use, .36 for 

cognitive strategy use, and .64 for performance. As in the previous models, the low R2 value 

for attributions is to be expected because it is based on only one predictor (ability). In 

general, the variance accounted for in each structural equation was similar to that found in 

Model 3. Inspection of modification indices, standardized residuals and Q-Q plot, and 

correlations of estimates also indicated that the model was reasonably well specified for both 

groups. 

The above results seem to demonstrate that most of the predictions made for hypothesized 

Model 4 were well supported. However, the results did not support the �ollowing predictions: 

(a) the relationships between success/failure attributions and efficacy are similar across groups 

(hypotheses no. 5 and 6), (b) success attributional style predicts metacognitive knowledge, 

(c) failure attributional style predicts efficacy for NA readers, and (d) success attributional 

style predicts efficacy for RD readers. It can be concluded that success/failure attributions 

have differential effects on efficacy and metacognitive knowledge. Model 4 demonstrates the 

importance of separating out the effects of the subcomponents of attributional style on the 

outcome measures. For instance, although the joint influence of success and failure 

attributional style on efficacy may be equal across groups, as was demonstrated in Models 1 
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to 3, examination of the separate effects of the components reveals that their effects on 

efficacy may vary in magnitude. 

9.3.2.5 Summary of fmdings 

A number of interesting and important results emerged from the analyses of the four 

hypothesized models. The results revealed that although the measurement models were not 

identical across groups (as indicated by their residuals), the construct pattern and loadings 

were similar. The relationships amongst ability, success/failure attributions, efficacy, 

metacognitive knowledge, cognitive/metacognitive strategy use, and performance are 

essentially similar for NA and RD readers except for the paths ability to success/failure 

attributions, ability to performance, efficacy to performance, and cognitive strategy use to 

performance. In general, the models fitted slightly better for NA than for RD readers. 

The causal ordering of the variables were similar across groups. Attributions predicted 

metacognitive knowledge directly or indirectly through self-efficacy, and combined strategy 

use significantly mediated the effect of metacogni�ve knowledge on performance. Of the 

components of combined strategy use, it was metacognitive strategy use that significantly 

predicted performance across groups. The mediating role played by cognitive strategy use 

in the relationship between metacognitive knowledge and performance differed across the 

groups. For instance, cognitive strategy use significantly predicted performance for NA 

readers but not for RD readers. 

Of the components of attributions, it was failure attributions that significantly predicted 

metacognitive knowledge. Furthermore, although the joint influence of the attributional style 

components on efficacy was similar across groups (as indicated in Models 1 through 3), the 

components differentially influenced efficacy, and the individual effects varied in magnitude 

across groups. The findings also indicated that the groups varied in terms of which 

attributional style component significantly predicted efficacy. The effects of self-efficacy on 

metacognitive variables were similar across groups. Efficacy directly and positively predicted 

metacognitive knowledge, metacognitive/cognitive strategy use. However, efficacy played a 

more crucial role in determining performance for RD readers than for NA readers. 

In conclusion, although the metacognitive-motivational system of RD students appears to be 

similar in many aspects to NA readers, the number of subtle but important differences 

between NA and RD readers suggest that these readers may possess distinct metacognitive

motivational systems. Overall, the models that were specified in �s study and the hypotheses 

that were formulated for each model were generally well supported. 



9.3.3 Supplementary analyses 

9.3.3.1 Test of impact of ethnicity and gender on hypothesized models 

23 1 

The descriptive results indicated that the proportions of male/female and European/non-
' 

European students varied markedly across groups (see Chapter 8, section 8.2.3). Moreover, 

multivariate analyses of variance revealed gender and ethnicity differences on some variables. 

Ethnicity differences were found for stability attributions for success and efficacy. Gender 

differences were found for attributions, efficacy, and metacognitive knowledge. 

These findings suggested that it was necessary to reanalyse the four hypothesized models 

(Figures 4 through 7) again with ethnicity and gender included as control variables to evaluate 

the robustness of the specified model. Although the addition of these variables may improve 

the precision of the parameter estimates in the models, these analyses were considered of 

secondary importance since ethnicity and gender are constructs that are not potentially 

manipulable or malleable to instruction. 

A description of the analyses and the results is provided in detail in Appendix J. Essentially 

the results suggested that the introduction of ethnicity and gender to the four hypothesized 

models did not markedly change the structure of the models or the estimates. 

9.3.3.2 Replication of results using random sampling technique 

The group sample sizes used is the present study were considered to be of modest size 

considering the complexity of the models tested. As a number of a posteriori respecifications 

were made to the hypothesized models, the results may have been obtained by capitalizing 

on chance. Thus, due to the model modifications made in this study, it was considered 

important to cross-validate the results on independent data. However, an independent sample 

was unavailable. Furthermore, due to the modest sample size of the present study, cross 

validation could not be undertaken by splitting the sample into two subsamples and using one 

subsample as the validation sample. 

One approach for validating the results obtained is to use an 80% random sampling technique 

for each group. Such an approach has been used by Earley and Lituchy ( 1 99 1 ). Hence, two 

additional analyses were conducted, each time using an 80% random sampling technique, to 

test the robustness of fit. In both replications, the results did not differ markedly from those 

of the models presented earlier. 
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CHAPTER 10 

DISCUSSION 

This chapter presents a discussion of the results of the present study and of the way the 

findings relate to theory and the research of others. It begins with a brief summary of the 

purpose of the study. A brief overview of the findings is followed by a more detailed 

discussion of the results in the following sections. The relationships amongst the 

motivational, cognitive, and metacognitive variables are presented first. Discussion of these 

results focuses initially on relationships that are congruent across groups, particularly 

predictions that were hypothesized and supported by theory and/or empirical research, 

followed by fmdings that were contrary to predictions. Findings that distinguished between 

normal achieving (NA) and reading disabled (RD) readers are discussed next, followed by a 

discussion of the relationships between metacognitive components and cognitive processes. 

A discussion of the implications of the fmdings for Borkowski et al. 's ( 1 989, 1 990, 1 992) 

model of metacognition precedes a discussion of the results of the secondary analyses. The 

chapter concludes with a discussion of implications for educational practice, the study's 

limitations and strengths, and suggestions for additional research. 

10.1 Brief overview of purpose and findings of study 

During the last two decades researchers from the fields of reading and educational psychology 

have investigated students' use of strategies as they learn and read from text. From these 

studies, they reached consensus that students' metacognitive knowledge and strategy use are 

important for understanding text, and that students' motivation is important for predicting 

strategy use. These studies did not, however, present a causal analysis of the way 

motivational processes and metacognitive knowledge of young adolescents relate to their use 

of strategies or of how those same variables related to their reading achievement. The study 

reported here was designed to examine those relationships for young adolescent students in 

Form 2 Intermediate Gunior high) classrooms. 

Furthermore, the extension of causal models of reading comprehension to RD children has 
rarely been attempted. In an attempt to understand and explain the differences in performance 

between NA and RD readers, the present study compared the interrelationships among 
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variables such as intellectual ability, attributional style, self-efficacy, metacognitive 

knowledge, and cognitive/metacognitive strategy use between these groups. Hence, in contrast 

to most previous research on reading disability, the current study incorporated several of the 

major variables that have formerly been studied in isolation. In addition, it examined whether 

a similar set of relationships could explain individual differences in the reading 

comprehension of both NA and RD students. Two secondary goals of this study were the 

identification of important predictors that would distinguish between NA and RD adolescents, 

and the validation of the multidefmitional approach in defining RD adolescents. 

The relationships among the motivational, cognitive, and metacognitive variables were 

evaluated using four models with the results being analyzed using LISREL structural equation 

modelling procedures (Joreskog & Sorbom, 1 989, 1 993). Figures 1 2  through 1 5  present the 

summarized results of the models of best fit. As was described in Chapter 9, the basic model 

was developed gradually, culminating in the final model, presented in Figure 1 5  (see p. 227). 

This final model fits the data well and, although it contains some modifications, retains to a 

large extent the basic causal structure that was postulated for this study. 

The relationships among the variables in the hypothesized models are well supported and are 

generally consistent with previous research and theory. The findings of the present study, in 

general, lend strong support to several theoretical models which are essentially consistent with 

each other. These include Borkowski's  model of metacognition (Borkowski et al., 1 989, 

1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1990), the Triple Alliance model 

(Short & Weissberg-Benchell, 1 989), and self-regulated learning models (McCombs, 1 986; 

Zimmerman, 1 990). Basically, these models suggest that reading and learning are multicausal. 

In addition, they support the view that an integration of motivational, metacognitive, and 

cognitive variables is required for a complete understanding of the development of reading. 

The metacognitive-motivational model tested in the current study has several points of overlap 

for NA and RD readers. Replication of the main findings of Carr et al. ( 1 99 1 )  as 

hypothesized in this study was successful. In both groups of readers, attributional beliefs 

significantly predicted self-efficacy and metacognitive knowledge. However, when the 

separate effects of attributional style were examined for each outcome, the results revealed 

that adaptive attributions for failure was the only significant predictor of metacognitive 

knowledge. Furthermore, the attributional components varied in their impact on self-efficacy 

and these differential effects also varied across groups. 
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An important contribution of this study was the incorporation of strategy use to the model. 

When combined strategy use was included in the model, metacognitive knowledge no longer 

had a direct impact on reading comprehension (performance); instead combined strategy use 

played a significant role in mediating this relationship. Self-efficacy as well as metacognitive 

knowledge predicted combined strategy use, which in turn predicted reading performance. 

Closer examination of the components of combined strategy use revealed that only 

metacognitive strategy use directly predicted reading comprehension for both groups. The 

mediating role played by cognitive strategy use in the relationship between metacognitive 

knowledge and reading comprehension differed across groups. Self-efficacy directly and 

positively predicted metacognitive knowledge and metacognitive/cognitive strategy use in both 

groups. 

A number of paths distinguished NA from RD readers. They were the paths between ability 

and success/failure attributional style, ability and performance, success/failure attributional 

style and efficacy, cognitive strategy use and performance, and efficacy and performance. 

These fmdings are, in general, congruent with the hypotheses for the present study. On the 

whole, motivational variables appeared more important in determining comprehension for RD 

readers whilst strategy use variables were more important for NA readers. 

1 0.2 Relationships which were consistent across NA and RD groups 

The absence of a widely accepted and multicomponential framework for understanding 

reading disabilities has hampered attempts to study fundamental characteristics and develop 

effective remedial reading programs. It is argued that one way to rectify this lack of 

conceptual clarity consists of examining theoretical models of reading achievement developed 

for other populations (such as NA populations) and identifying their potential points of 

overlap with RD children. The results of the present study suggest that for both NA and RD 

readers, general attributional style (as a single factor latent construct), self-efficacy, 

metacognitive knowledge, and metacognitive/cognitive strategy use interrelated in a similar 

fashion with each other. Moreover, these variables (with the exception of efficacy and 

cognitive strategy use) predicted reading comprehension performance in a similar fashion 

across groups. 
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A number of important theoretical implications follow from the results found for the revised 

model, shown in Figure 15 (see p. 227). Foremost is the finding that the model accounted 

for approximately 60% of the sample variability in reading performance for each group. This 

provides substantial support for the hypothesized structure of the model. The proportion of 

explained variance in the present study is large, particularly in the realm of social science 

research (L. J. Horwood, personal communication, March 27, 1 995). (Comparison of 

explained variance with that of the Carr et al. ( 1991)  study could not be made as the authors 

did not provide the information.) · The second theoretical implication stems from the fmding 

that reading performance is multicausal, involving the dynamic interplay of motivational, 

cognitive, and metacognitive variables. Some of the relationships in the model imply a direct 

causal relationship between two variables, while others imply more complex, indirect causal 

relationships. Finally, despite the similarity of a number of relationships between 

motivational, cognitive, and metacognitive variables, the reading performance of NA and RD 

readers were explained by distinct metacognitive-motivational models. 

10.2. 1 Relationships between ability, the self-system, and metacognitive 
knowledge 

In the current study, a direct relationship between ability and self-efficacy was specified in 

accordance with Bandura's ( 1 986) theory. However, Carr et al. ( 1991 ) postulated an indirect 

path between ability and self-esteem (a measure of expectancy). These competing models 

were tested in the present study and the fmdings revealed that a model which specified a 

direct effect between ability and efficacy provided a better fit than a model which only 

specified an indirect effect through attributions. The direct relationship between ability and 

self-efficacy is consistent with past research (Earley & Lituchy, 1 99 1 ). 

The self-system (which includes constructs such as self-efficacy, self-esteem, and attributional 

beliefs) has been described as a complex interdependent system that supports both 

metacognitive functions and academic performance (McCombs, 1 986). According to 

Borkowski et al. ( 1 989, 1 990, 1 992), the self-system is strongly directed by attributional 

beliefs. The fmdings in the current study suggest that the development of attributional beliefs 

is closely tied to perceptions of self-efficacy. In addition, consistent with self-efficacy theory 

(Bandura, 1 986), the fmdings suggest that attributional judgments influence performance 

through their intervening effects on perceived self-efficacy. 
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In accordance with Carr et al. 's ( 1 991 )  model, the importance of self-system constructs in 

predicting metacognitive knowledge received considerable support from the findings of the 

present study. The fmdings suggest that both attributions and efficacy may play key roles in 

students' acquisition of metacognitive knowledge. Students who have adaptive attributional 

beliefs and who feel efficacious demonstrate more knowledge about reading strategies. The 

observed relationship between attributions, efficacy, and metacognitive knowledge IS 

consistent with the fmdings of previous empirical studies (e.g., Chan, 1995). 

The present study extends previous research by examining the relative impact of attributions 

and efficacy on metacognitive knowledge. As hypothesized, in comparison to efficacy, 

attributions had a stronger impact on metacognitive knowledge. This fmding can be seen as 

an endorsement of Borkowski' s proposition that of all the self-system constructs, attributional 

style represents the key catalyst in metacognitive development (Borkowski et al., 1 990; 

Groteluschen et al., 1 990). However, the results of Carr et al. ( 199 1 )  suggested that self

esteem was a stronger predictor of metacognitive knowledge than attributions. Two possible 

explanations are suggested for their findings. First, the accuracy of their predictions may have 

been undermined by the use of global measures of motivational beliefs, which usually leads 

to a reduction in the power of prediction (Assor & Connell, 1992; Bandura, 1990). A second 

explanation involves Carr et al. ' s  questionable use of subscale scores of the IRA measure as 

indicators for the construct of metacognitive knowledge (McLain et al., 199 1 ). 

The results suggest that attributional judgments of success and failure are likely to affect the 

acquisition of metacognitive knowledge. Ascribing controllable-unstable factors such as 

effort and strategies for failure, and internal-controllable-stable factors for success may 

motivate students to experiment with strategies, thereby enhancing metacognitive knowledge. 

In the earlier discussion of attributions, attributional style was conceptualized as a single latent 

construct. Examination of the separate effects of subcomponents of attributional_ style yielded 

a more detailed account of the effects of attributions. Although it was hypothesized that both 

success and failure attributional styles would predict metacognitive knowledge, the results 

indicated failure attributional style was the only significant and critical component for both 

groups. This finding is contrary to what was hypothesized and may have important 

implications for intervention, which will be raised in section 1 0.7. 

By way of explanation it may be helpful to consider the role of failure on learning. The 

finding that only failure attributions predict metacognitive knowledge suggests the importance 



237 

of failure outcomes. Attribution theory posits that it is not so much the event of failure, or 

even its frequency, that disrupts performance as much as the meaning of failure. Also, several 

theories of motivation and cognition have incorporated factors associated with failure such as 

challenge, frustration, or anxiety as being necessary for achievement (Atkinson & Birch, 1 978; 

Borkowski et al. ,  1 990; McCombs, 1986). Thus, an adaptive response to failure may be 

crucial, particularly in view of theories that suggest failure is not only unavoidable but also 

necessary for academic success and self-regulated learning (Clifford, 1 980; Covington, 1 989, 

1 992). 

Some researchers have suggested that it is essential for students to learn that inevitable 

failures can become constructive experiences from which they can learn to solve problems 

independently (Borkowski et al. ,  1989; Clifford, 1 984; Paris & Byrnes, 1 989). Failure can 

be insightful by providing information about the range of applications of specific strategies 

and the need to modify strategies while learning (Oka & Paris, 1 987). Borkowski et al. 

( 1 989) suggested that success is often the result of a series of failures. Information gathered 

from unsuccessful outcomes can be used to enhance success on subsequent tasks. For 

instance, failure fosters disequilibrium in that new strategies and new behaviour must be 

engendered to cope with failure (Paris & Byrnes, 1 989). Thus, failure provides an 

opportunity to obtain feedback about the appropriateness and effectiveness of strategic efforts. 

In addition, students who experience failure are more likely to be challenged to experiment 

with alternative strategies and engage in self-testing so as to find a strategy that works well 

in the current situation. A student who experiences success is not likely to continue testing 

alternative strategies as success on the task has already been achieved. It can therefore be 

argued that failure outcomes provide more opportunity to experiment with alternative 

strategies than do success outcomes. Such self-testing, in turn, is likely to enhance the 

acquisition of metacognitive knowledge. 

The relative impact of attributional subcomponents on self-efficacy was also examined. It was 

hypothesized that both components of attributional style would predict efficacy. This 

prediction was not supported; rather the fmdings indicated that success attributions 

significantly predicted efficacy for NA readers and failure attributions significantly predicted 

efficacy for RD readers. The explanation for this finding will be discussed in section 1 0.3. 1 .  

It appears that the joint influence of success and failure attributions on efficacy may be 

similar across groups, but the separate effects of the subcomponents varies across groups. 



238 

It was predicted that the relationship between ability and metacognitive knowledge would be 

significant for NA readers but insignificant for RD readers. The insignificant and weak 

relationship between ability and metacognitive knowledge for NA readers in the present study 

was contrary to predictions. The absence of this direct effect for both groups does not 

demonstrate a total lack of relatedness between these two variables, as the relationship is 

significantly mediated by attributions and efficacy. It is likely that ability may only have an 

indirect effect on metacognitive knowledge via motivational beliefs which may in turn act as 

precursors of metacognitive knowledge. The finding of the present study stands in direct 

contrast to Carr et al. ( 199 1 ), who found that ability directly predicted metacognitive 

knowledge for both groups. The variation in fmdings may be due to differences in how the 

underachieving group was defined, or the use of different metacognitive knowledge measures. 

1 0.2.2 The effects of self-system constructs and metacognitive knowledge on 
strategy use and performance 

Previous researchers have shown that students' motivational processes have important 

influences on their use of learning strategies across a range of content areas, including science, 

English, and mathematics (Meece et al., 1988; Pintrich & De Groot, 1 990; Pokay & 

Blumenfeld, 1 990). The present study indicates that motivational processes also predict 

metacognitive/cognitive strategy use in the domain of reading. 

In the present study, the motivational components of self-efficacy and attributional style were 

linked in important ways to combined strategy use and reading performance. The present 

findings support a cognitive theory of learning that includes motivation or motivation related 

constructs as important mediators of strategy use (Paris et al. ,  1 983, 1 99 1 ;  Pokay & 

Blumenfeld, 1 990). Self-efficacy was positively related to strategy deployment for both NA 

and RD readers. Students who felt efficacious were more likely to report greater use of 

cognitive strategies and metacognitive strategies. Self-efficacy may have furnished the 

motivation to use cognitive and metacognitive strategies that, in turn, triggered specific 

learning responses. The direct relationship between efficacy and cognitive/metacognitive 

strategy use is consistent with previous research (Pintrich & De Groot, 1 990; Pokay & 

Blumenfeld, 1 990; Zimmerman & Martinez-Pons, 1 990). However, it differs from Borkowski 

et al. ' s  ( 1 989, 1 990, 1 992) formulation where it was specified that efficacy would only 

"energize executive processes" (metacognitive strategy use). The fmdings in the present study 

suggest that efficacy may also "energize" cognitive strategy use. Nevertheless, this finding 
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is still consistent with Borkowski et al. 's ( 1 990) overall thesis that motivational variables 

"power" self-regulated learning. 

In addition to efficacy, students must have adaptive attributional beliefs in order for the 

metacognitive system to work. In the present study, attributional style was strongly related 

to the deployment of cognitive and metacognitive strategies. Students who ascribed internal

controllable-stable factors for their reading success and controllable-unstable factors for 

reading failure were more strategically engaged when trying to comprehend text. Although 

adaptive attributional style was positively and significantly correlated with strategy use and 

reading performance, it did not have a significant direct effect on combined strategy use or 

on reading performance. More specifically, general attributions indirectly influenced strategy 

use and performance through their impact on metacognitive knowledge and self-efficacy. 

With regard to predictors of metacognitive/cognitive strategy use, the findings revealed that 

students' metacognitive knowledge and perceived self-efficacy had strong direct effects on 

strategy use. As Palincsar and Ransom (1 988) point out "motivation or will to learn is an 

important issue in that effective strategy use necessitates both will and skill" (p. 785). 

Another notable finding that emerged was that both metacognitive knowledge and efficacy 

had a larger impact on metacognitive strategy use than on cognitive strategy use. 

It has been suggested that self-efficacy may have positive effects on dynamic aspects of 

metacognition (e.g., metacognitive strategy use), rather than on static measures of 

metacognitive knowledge (Pintrich et al. ,  1 994). The finding that self-efficacy has a 

significant impact on metacognitive knowledge and metacognitive strategy use suggests that 

self-efficacy is an important influence on both dynamic and static measures of metacognition. 

A notable contribution of the present study was the examination of the mediating influence 

of metacognitive knowledge and strategy use on the relationship between motivational beliefs 

and performance. These relationships have only recently been investigated. Using path

analytic procedures, Chan ( 1995) investigated the relationships among attributional beliefs, 

self-perceptions of competence, metacognitive knowledge, and reported use of cognitive 

strategies with 5th, 7th, and 9th grade NA children. Two attributional belief variables were 

used in her model: a belief in personal control and a learned helplessness variable. In contrast 

to the younger grades, where attributions were found to predict achievement, the influence 

of attributions and perceived competence on reading achievement for 9th grade children was 
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mediated through the use of cognitive strategies. For these children the relationship between 

metacognitive knowledge and reading achievement was mediated by cognitive strategy use. 

In addition, for 7th and 9th grade children, metacognitive knowledge mediated the effects of 

attributions on cognitive strategy use. Perceived competence predicted cognitive strategy use 

across all grades. Cognitive strategy use directly influenced reading achievement only for 9th 
grade children. In general, Chan's fmdings (particularly those of 9th grade children) were 

consistent with those of the present study, with the exception of the direct effect of 

attributions on cognitive strategy use. 

In the present study, the results confirm the hypothesis that metacognitive knowledge predicts 

reading comprehension; but when combined strategy use was added to the model, this 

mediated the relationship between metacognitive knowledge and performance. Thus, when 

the two components of metacognition were included in the model, the metacognitive strategy 

use component was directly tied to performance for both NA and RD readers. This fmding 

corroborates the assertion by numerous investigators that self-regulated learning depends on 

the extent to which learners are able to make judicious choices among learning strategies 

(Nolen, 1 988;  Paris & Newman, 1 990; Shuell, 1 988). 

For both NA and RD readers, combined strategy use is significantly predictive of reading 

comprehension; however, the magnitude of the relationship differs across groups. 

Examination of the separate effects of the components suggest that only metacognitive 

strategy use is significantly and similarly related to reading performance. The impact of 

cognitive strategy use on reading performance varies across groups. These fmdings 

demonstrate that it may be useful to examine the effects of metacognitive and cognitive 

strategy use separately, particularly with regard to providing instruction (cf. Meece et al., 

1 988). 

In accord with prior research and a general model of self-regulated learning, students who 

reported engaging in higher levels of strategic behaviour had higher metacognitive knowledge 

and comprehension scores. For learners to be able to use and control their metacognitive 

knowledge, they need to develop metacognitive skills (Brown, 1 980). These fmdings, in large 

part, support the current view that comprehension is a highly strategic activity, requiring the 

coordination of a variety of metacognitive skills. 
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Two competing theories were tested with regard to the relationship between metacognitive 

knowledge and cognitive strategy use. In accord with the "inefficient learner view" (Swanson, 

1 989), it was hypothesized that metacognitive knowledge would predict cognitive strategy use 

for RD readers. Several other researchers assume the "inactive learner view" where RD 

students are considered to be passive or strategically inactive learners (Torgesen, 1979, 1 980, 

1982b; Torgesen et al., 1979; Wong, 1 980). This latter hypothesis was tested as a competing 

model. Under this hypothesis, metacognitive knowledge would not predict cognitive strategy 

use in RD readers. The difference in chi-square indicated a significant deterioration in fit, 

resulting in the model being rejected. Thus, the present study provides indirect support for 

the inefficient learner hypothesis. This fmding is consistent with the views of a number of 

researchers who suggest that RD students' failure to use cognitive strategies effectively during 

reading is strongly influenced by their limited and less sophisticated metacognitive knowledge 

(Paris & Oka, 1989; Winograd, 1984). Thus, metacognitive knowledge is an essential 

prerequisite if students are to become competent strategy users (Baker & Brown, 1 984a; 

Borkowski et al.,  1 989). 

Although the testing of the inactive and inefficient learner views represented a minor part of 

the present study, it has some important implications for revitalizing the metacognitive 

orientation to reading disabilities. The field has become so inundated with the focus on 

phonological skills, that it has not adequately considered the important contribution of higher 

order skills such as metacognition (H. L. Swanson, personal communication, September 20, 

1995). Further discussion of the importance of metacognition for performance is provided 

in section 1 0.4. 

10.3 Relationships that distinguish NA and RD adolescents 

Several major conclusions about processes that distinguish reading achievement and 

impairment can be drawn from the results of the four models investigated. Although the 

metacognitive-motivational system of RD students appears to be similar in many aspects to 

proficient readers, the results indicate that there are a number of subtle but important 

differences between NA and RD readers. These differences are sufficient to warrant the 

conclusion that NA and RD readers possess distinct metacognitive-motivational systems. The 

fmdings indicate that the following relationships may differ across groups: ability and 
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success/failure attributions, ability and performance, success/failure attributions and efficacy, 

efficacy and performance, and cognitive strategy use and performance. 

10.3.1 Relationships between ability, self-system constructs, and performance 

A prominent discriminating attribute of NA and RD students is the nature of the relationship 

between their intellectual ability and reading performance (Keller & Hallahan, 1 987; Short 

et al., 1 984). In the present study, general ability in NA readers is significantly and directly 

predictive of reading achievement even when the effects of all other variables are controlled. 

This finding is in accord with previous research and suggests that general ability provides the 

basic intellectual mechanism for the reading achievement of NA readers. 

In contrast, ability did not facilitate reading performance for RD readers. In other words, RD 
students demonstrated difficulties in reading in a manner inconsistent with their capability to 

grasp the general knowledge and skills measured on IQ tests (Torgesen & Licht, 1 983). This 

fmding is consistent with previous empirical research which has demonstrated that the ability

performance linkage does not hold (or is severely attenuated) for an RD individual (S. 

Graham & Harris, 1 989; Stanovich, 1 986a; Swanson, 1 991b). 

The findings of the present investigation replicate Carr et al. 's  ( 1 99 1 )  finding that achievers 

can be distinguished from RD students by the absence of a causal link between their measured 

ability and attributional beliefs. Carr et al. concluded that, unlike achievers, underachieving 

children did not credit themselves for their prior performance. Examination of the 

subcomponents of attributional style for the present study reveals similar results: ability does 

not predict either success or failure attributions for RD readers but does so for NA readers. 

Interestingly, ability is a stronger predictor of success attributions than failure attributions. 

Although the relationship between general attributional style and self-efficacy is significant 

and similar across groups, examination of the separate effects of subcomponents of 

attributions yields a different picture. More specifically, attributions for success predicted 

efficacy for NA readers but attributions for failure predicted efficacy for RD readers. 

One explanation that can be put forward for the differential impact of attributional style 

subcomponents on efficacy across groups is that NA and RD adolescents vary in taking 
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responsibility for their failures and successes. RD students take more responsibility for their 

failure than their successes (Dudley-Marling, Snider, & Tarver, 1 982); that is they believe 

they control failure (since failure is attributed to their lack of ability) but not success. This 

engenders feelings of powerlessness to influence their environment, which in turn produces 

debilitating effects on their efficacy. In contrast, NA students take more responsibility for 

their successes, and this may lead to their preoccupation with the meaning and significance 

of their success. Their successes lead them to believe they are in control of their environment 

which in turn helps increase their efficacy. 

Another related explanation is that frequency of achievement outcome may determine an 

individual's level of efficacy. For example, NA readers generally experience success more 

frequently than failure. These success experiences promote high achievement expectations 

and engender adaptive attributional beliefs for success outcomes which lead to an increase in 

positive feelings of self-efficacy. On the other hand, for RD students their inordinately high 

incidence of failure results in them becoming vulnerable to the debilitating effects of failure. 

Infrequent success in the face of overwhelming failures would inhibit motivation. Continued 

failure probably fulfils low achievement expectations, thereby further confirming their 

maladaptive attributional beliefs. These maladaptive attributions for failure, in turn, are likely 

to reduce their confidence thus decreasing self-efficacy. 

10.3.2 Relationship between strategy use and performance 

The positive relationship between strategic learning behaviour and academic performance is 

acknowledged by several researchers (Alexander & Judy, 1 988; Garner, 1 990; Palincsar & 

Brown, 1 984; Paris, 1 988; Paris et al., 1 99 1 ;  Pressley, Symons, et al., 1 989; Weinstein et al., 

1 988). Paris et al. (1991)  refer to strategic reading as "a hallmark of expertise" among 

readers. They conclude that strategic reading is critical to the educational and cognitive 

development of children for a number of reasons. First, strategies are �enable to instruction 

and can be controlled by students. Therefore, strategies empower readers to organize, 

elaborate, and evaluate text information. Second, the development of cognitive strategies in 

reading parallels and extends the development of cognitive strategies in other domains. Third, 

strategic reading mirrors motivation and metacognition, thus enabling · readers to become 

competent and confident learners. Fourth, strategic reading involving monitoring and 

regulation are critiCal dimensions of thinking and therefore enables increased learning 
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throughout the curriculum. Finally, students who believe in the instrumentality of strategies 

for accomplishing selected tasks and who have a sense of personal causality become self

regulated learners. 

One important contribution of the present study is that it extends strategy research by 

comparing the relationship between cognitive strategy use and performance across NA and 

RD readers. The fmdings indicated that the relationship between combined strategy use and 

performance, although significant for both groups, varied in magnitude. Examination of its 

subcomponents revealed that the relationship between metacognitive strategy use and 

performance was significant and similar across groups. �owever, the relationship between 

cognitive strategy use and performance differed across groups. Cognitive strategy use 

predicted reading performance for NA readers but did not for RD readers. The significant 

relationship between cognitive strategy use and performance for NA readers is consistent with 

the fmdings of Pokay and Blumenfeld (1 990). However, the importance of the path between 

cognitive strategy use and performance in explaining reading impairment is not consistent 

with Borkowski's  theory and will be dealt with in detail in section 1 0.5.2.  

The nonsignificant relationship between cognitive strategy use and performance in RD readers 

is, however, consistent with both the "inefficient learner view" (Swanson, 1 989), and the 

"inactive learner view" (Torgesen, 1 980, 1 982b; Torgesen et al., 1 979; Wong, 1 980). These 

hypotheses implicate deficiencies in the use of strategies for learning; they predict that 

cognitive strategy use would not predict performance for RD readers. 

Further examination of the interview data revealed that 85% of the RD students as compared 

to 48% of the NA students verbalized inappropriate strategies when answering one or more 

comprehension questions. This fmding is consistent with that of Swanson ( 1 988) who found 

that LD children were able to "actively" develop strategic thought patterns. S
_
wanson ( 1 989) 

suggests that the strategic deficits of LD children may be related to their preferred use of 

heuristics and their limited ability to use strategies flexibly. In other words, LD students often 

choose an inappropriate strategy from their repertoire of strategies to complete the task at 

hand. 

However, the findings also revealed that RD students were often as likely as NA students to 

report an appropriate strategy but were less successful in answering one or more 

comprehension questions. These fmdings suggest that the strategic deficiencies of some RD 
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readers may also be due to the inefficient implementation of the strategy. Other evidence 

comes from the results of an interview question, in which students were requested to retell 

the story they had just read. Reading disabled readers ( 41%) were more likely than their NA ' 

peers ( 15%) to include unimportant details, although they reported looking for main ideas. 

There may be several explanations for RD students' inefficient implementation of strategies. 

First, RD students may lack the practice to allow them to master the strategic behaviours. This 

explanation receives support from previous research. For example, Kobasigawa, Ransom, and 

Holland ( 1 980) found that even among students who were aware of text characteristics and 

had the ability to use a skimming technique when instructed to do so, the spontaneous 

employment of skimming developed only gradually. Brown and Smiley ( 1 977) found that 

when nonspontaneous users were induced to use underlining and note-taking strategies while 

studying they did so in a more random fashion than spontaneous users. 

Second, it may be due to their inability to transform strategies. It has been suggested that one 

mechanism that promotes expert performance is related to strategy transformation (Chi, 

Glaser, & Farr, 1988). Children who become experts at certain tasks have often learned 

simple strategies and, through practice, discover ways to modify them into more efficient and 

powerful procedures. In contrast, RD children may not be able to transform the strategies 

easily to match the task at hand as they have not acquired much practice using the strategies. 

They may learn the skills related to reading and may sometimes perform appropriately on a 

task by carefully and systematically following prescribed rules or strategies. However, 

empirical evidence suggests that the difference between RD and NA children is that the latter 

have modified such strategies to become more efficient (Swanson & Cooney, 1 985). It is 

plausible that the RD child remains a novice in learning new information because he or she 

fails to transform reading strategies into more efficient forms (cf. Swanson & Rhine, 1 985). 

The present study was not designed to examine this aspect of strategy use in any detaiL 

However, preliminary findings of the interview data suggest that Bray's ( 1 985) proposition 

for an examination of strategic flexibility may be necessary for a more complete 

understanding of the relationship between cognitive strategy use and reading performance. 

A third explanation for inefficient implementation of strategy use could be that their deficient 

monitoring of metacognitive processes hinders efficient use or application of cognitive 

strategies. They may lack the monitoring skills to effectively transform strategies to fit the 

designated task at hand. Previous empirical research confirms this. For instance, Pintrich and 
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De Groot ( 1 990) fmdings suggest that cognitive strategy use without the concomitant use of 

metacognitive strategies is not conducive for academic performance. It seems that for 

effective performance, students require more than reading-oriented cognitive strategies; they 

need metacognitive strategies that oversee the use of cognitive strategies. The fmdings of the 

interview data provide some support for this explanation. For instance, even though some 

RD readers reported using main ideas in retelling the story, they were less successful in 

distinguishing main ideas from important details. 

Finally, previous research has indicated that RD students' inefficient use of strategies may be 

the result of their disbelief in the general usefulness of strategies. Such an orientation is 

likely to inhibit their metacognitive and motivational development because their ineffective 

strategies will further exacerbate their low self-efficacy and debilitating attributional beliefs 

(Borkowski et al. ,  1990). 

The present study also found that cognitive strategy use had a larger impact on reading 

performance than metacognitive strategy use for NA readers. While this has not been 

previously assessed in relation to reading, in the domain of mathematics, Pokay and 

Blumenfeld ( 1 990) found that the use of specific cognitive strategies predicted initial 

achievement whereas metacognitive strategies predicted later achievement for NA children. 

They suggested that students may be able to make effective use of metacognitive strategies 

after becoming skilled at the use of specific cognitive strategies. They also argued that as 

students become more proficient at selecting and using cognitive strategies, their thinking 

about strategies becomes more important such that students who use metacognitive strategies 

are more successful. 

1 0.3.3 Relationship between self-efficacy and performance 

Although the direct relationship between efficacy and performance was not anticipated to 

differ across groups, the results indicated that the relationship was significant but only for RD 

readers. The insignificant relationship for NA readers suggests that self-efficacy is not 

directly tied to actual performance and plays only a facilitative role in relation to strategic 

engagement. However, the total effect of efficacy on performance is large and highly 

significant for NA readers. These fmdings strengthen Bandura's (1986) claim that self

efficacy beliefs are "key arbiters of human agency", and also lend support to researchers who 
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contend that student motivation may be better explained by efficacy beliefs than by other 

cognitive or affective processes (Schunk, 1 989b, 1 989c, 1 99 1 ). The importance of the path 

between efficacy and performance in explaining reading impairment is' not specified in 

Borkowski et al. 's  ( 1 989, 1 990, 1992) theory. This issue will be discussed in detail under 

section 1 0.5.2. 

Finding a difference in the paths between self-efficacy and performance for NA and RD 

readers also provides evidence that motivational characteristics may play a more significant 

role for RD than for NA readers. This is further corroborated by analyses which indicated 

that the total effect of efficacy and attributions on performance was much larger for RD 

readers than for NA readers. Such a finding is in contrast with the research of Paris and his 

colleagues who found that motivational variables increased in importance with age and skill 

(Paris & Oka, 1 986; Saarnio, Oka, & Paris, 1 990). 

10.3.4 Summary 

The fmdings in the current study support the importance of attributional style, self-efficacy, 

metacognitive knowledge, cognitive strategy use, and metacognitive strategy use variables in 

explaining reading achievement and impairment. The results of the SEM analyses suggest 

that, in general, the causal ordering of the motivational, cognitive, and metacognitive variables 

were similar across NA and RD readers. Consistent with previous research and theory, 

metacognitive knowledge and combined strategy use mediated the relationship between 

motivational beliefs and reading performance. Although the self-system constructs of 

attributional style and self-efficacy provided the necessary motivational states in promoting 

students' reading performance, it was the strategy use components (especially metacognitive 

strategy use) that provided the means to reach that goal. Consistent with the theories of 

Bandura ( 1 986) and Weiner (1 979, 1 985a), and the fmdings of Schunk ( 1 983, 1 984) the data 

also suggested that the direct causal effect of attributional style was not extended onward to 

strategies and performance. 

The relationships between general attributional style (as a single latent construct), self

efficacy, metacognitive knowledge, and metacognitive/cognitive strategy use were consistent 

across groups suggesting that the metacognitive systems of both NA and RD readers are 

fundamentally similar. However, distinctive patterns of motivation, cognitive, and 
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metacognitive skills were also found to underlie the reading attainments of NA and RD 

readers. The metacognitive-motivational systems differed between groups in the way ability 

and attributions and in the way efficacy and cognitive strategy use related to performance. 

In addition, the metacognitive systems varied across groups in the way the subcomponents of 

attributional style related to efficacy. 

Although the performance of NA and RD readers was facilitated by the mediating effects of 

attributions, self-efficacy, metacognitive knowledge, and metacognitive strategy use, the 

performance of NA readers was also mediated by cognitive strategy use, and the association 

between ability and attributions. In addition, the performance of RD readers was further 

mediated by the direct effect of efficacy on performance. The importance of efficacy and 

cognitive strategy use in explaining differences between NA and RD readers is not supported 

by Borkowski's  theory (Borkowski et al., 1 989, 1990, 1992; Borkowski & Turner, 1 990; 

Groteluschen et al., 1990) and these differences will be discussed in section 1 0.5.2. 

The present study suggests that how students account for their successes and failures 

determines to a large extent their perceptions of themselves as learners and their attempts to 

change their metacognitive knowledge and skills. This fmding is consistent with Carr et al.'s 

( 1 99 1 )  suggestion that the effectiveness of the entire metacognitive system depends on 

whether attributional beliefs develop in collaboration with reading comprehension 

achievement. The connection between ability and attributions fosters the development of 

adaptive attributional beliefs, self-efficacy, metacognitive knowledge, and cognitive and 

metacognitive strategy use. In the present study, the disassociation between ability and 

attributional beliefs may have altered the effectiveness of the entire metacognitive

motivational model for RD readers. The adoption of maladaptive attributional style patterns 

may have hindered the development of their self-efficacy, metacognitive knowledge, and 

metacognitive/cognitive strategy use, as indicated by their significantly lower mean scores. 

Therefore, attributions seem to be the driving force behind the self- and metacognitive 

systems. 

Strategy use variables may be more important in predicting performance for NA readers than 

for RD readers. This ,was demonstrated by the relatively larger increase in the variance of 

reading performance for NA readers ( 1 3%) than for RD readers (2%) when combined strategy 

use was incorporated in the model. The fmdings in the present study parallel the work of 

Chan ( 1 995). She found that, although motivation variables had a more important role in 
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explaining reading achievement in the lower school grades, the role of strategic learning 

variables was as or more important than the motivation variables in higher grades. 

The fmdings of the present study support the importance of positive motivational beliefs in 

the development of the metacognitive-motivational system. These fmdings support the 

growing body of evidence suggesting that a well functioning self-system (e.g., self-efficacy 

and adaptive attributions) is critical in motivating students to self-regulate their learning and 

reading (Ames & Archer, 1988; McCombs, 1986, 1 989; Nolen, 1988; Pokay & Blumenfeld, 

1 990). 

In summary, this study provides empirical evidence for the way students' attributions, self

efficacy, metacognitive knowledge, and metacognitive/cognitive strategy use work together 

in their influence on performance. The results demonstrate that metacognitive processes and 

motivational beliefs are intimately related, and in combination, explain the emergence of 

strategies which in turn generate successful performance. Overall, the findings of the present 

study are theoretically consistent with self-regulated learning theories (McCombs, 1 986), the 

Triple Alliance Model (Short & Weissberg-Benchell, 1989), and Borkowski et al. ' s  ( 1 989, 

1 990, 1992) theory. 

10.4 Distinction between metacognitive components and their 
relationship to cognitive processes 

Despite the growing body of research documenting the importance of metacognition in 

cognitive theories, there continue to be problems concerning the defmition of metacognition 

and the differentiation of metacognitive and cognitive strategies. In fact, there is little 

research that has examined the discriminant validity of metacognitive knowledge, 

metacognitive strategy use, and cognitive strategy use. Some researchers have argued that 

there is no distinction between metacognitive and cognitive strategy use (e. g. ,  S .  G. Paris, 

personal communication, April 20, 1 994). This study provides evidence that metacognitive 

knowledge, metacognitive strategy use, and cognitive strategy use represent distinct 

components. The correlations between metacognitive knowledge and metacognitive strategy 

use (range = . 72 - . 79), metacognitive knowledge and cognitive strategy use (range = .67 -

.66), and metacognitive strategy use and cognitive strategy use (range = .67 - .71 )  suggest 

they are strongly related, but they are not so large as to suggest they are measuring exactly 

the same construct. That these constructs can be distinguished is important for research 
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purposes; it also may be helpful when devising intervention programs, as they appear to play 

unique roles in predicting performance. 

Kurtz ( 199 1 )  maintained that utility of the construct of metacognition could be established if 

its relationship to cognitive processes is demonstrated. The importance of metacognition to 

cognitive processes such as reading comprehension has been undermined by the inconsistent 

empirical fmdings. The findings of the present study provide additional data on the 

relationship between metacognition and reading and indicate a strong association between 

metacognition and reading performance. The present study also extends previous research by 

examining the relationship between the distinct components of metacognition, namely 

metacognitive knowledge and metacognitive strategy use, to reading performance. The 

results suggest that these components have unique roles in predicting performance. 

The approach used to examine the relationship between metacognition and comprehension 

differed from previous research in a variety of ways. First, metacognitive knowledge was 

specifically defmed. As Jacobs and Paris (1987) noted, a precise definition is not always 

found in studies of metacognition, and this lack of precision may be one reason why its 

relationship with reading performance has been difficult to determine. Second, to optimize 

the validity of students' self-reports, the collection of self-report data conformed to the 

recommendations set forth by Assor and Connell ( 1992) (see Chapter 8, section 8 .3). As a 

consequence, the validity and reliability of the data collected in the present may be improved 

over that of other studies, and consequently the associations among the measures are likely 

to be more accurate. 

1 0.5 Implications of findings for Borkowski's model of metacognition 

To a large extent the findings of the present study supports the metacognition model proposed 

by Borkowski et al. ( 1 989, 1990, 1 992). The present study extends Borkowski et al. 's 

metacognition model by including attributions and self-efficacy as distinct and antecedent 

components to metacognitive knowledge about reading. In their model, Borkowski and 

colleagues included motivational belief components as general strategy knowledge correlates. 

However, they did not delineate how these components interrelated with each other or how 

they were related together in the prediction of their metacognitive counterparts. 
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As mentioned in Chapter 5, there are several versions of Borkowski's model (Borkowski et 

al., 1 989 1990, 1 992; Borkowski & Turner, 1990; Groteluschen et al., 1990). These versions 

are basically consistent with each other with minor refinements (M. Carr, personal 

communication, February 1 3, 1995). However, the most recent version presented by 

Borkowski and Muthukrishna ( 1992) proved to be an exception, in that it had undergone the 

most revision (J. G. Borkowski, personal communication, January 3 1 ,  1995). First, unlike 

earlier versions, Borkowski and Muthukrishna (1 992) deleted general strategy knowledge and 

relational knowledge components from the model. This is not surprising considering that 

there is very little, if any, research on these components. Second, attributional style was 

included as an independent variable in the model rather than as a general strategy knowledge 

correlate. Borkowski and Muthukrishna specified relationships between attributions and 

metacognitive variables, such that attributional beliefs predict executive processes (i.e., 

metacognitive strategy use). The hypothesized models tested in this study are based on 

versions preceding the Borkowski and Muthukrishna model. 

In this section, the differences in the causal ordering of the variables between those 

hypothesized in the present study and those posited by Borkowski and Muthukrishna ( 1 992) 

will be discussed. In addition, relationships that distinguished NA and RD readers in the 

present study which were contrary to Borkowski et al. ' s  ( 1989, 1990, 1992) propositions are 

also discussed. 

1 0.5.1 Implications for causal ordering of variables 

Some of the hypothesized relationships of the present study differ from those offered by 

Borkowski (Borkowski et al., 1989, 1990, 1992; Borkowski & Muthukrishna, 1 992). Before 

discussing the most recent version ofBorkowski's model (Borkowski & Muthukrishna, 1 992), 

some of the proposed relationships of Borkowski's  (Borkowski et al., 1 989, 1 990, 1 992) 

earlier models will be discussed first with reference to the present study. Specifically, the 

direct relationship between metacognitive and cognitive strategy use is addressed. Although 

this path was not specified explicitly in the hypothesized models for both groups, it was tested 

as a competing model. The results of the competing model revealed that the metacognitive 

strategy use to cognitive strategy use path was significant, and that the model provided a good 

fit to the data. However, closer examination of the data revealed that a number of paths 

specified in the model were rendered insignificant contradicting both theory and empirical 
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research. This model was therefore considered unacceptable (see Appendix H, section H.3, 

Model 3 . 1 0). 

Notwithstanding these results, the prediction of cognitive strategy use by metacognitive 

strategy use is theoretically plausible. As such, there may be methodological factors which 

clarify these conflicting results. One plausible explanation relates to the operational definition 

for metacognitive strategy use in the present study. Although similar, the present study's 

definition is not identical to that of Borkowski (J. G. Borkowski, personal communication, 

January 3 1 ,  1 995). The executive processes (or metacognitive strategy use) as defmed by 

Borkowski, include analysing task demands, strategy selection, accommodating the strategy 

to a new task, monitoring the effectiveness of strategy use, and judging when a problem has 

been adequately solved (Borkowski & Turner, 1 990). This definition involves a focus on 

task analysis and strategy selection (J. G. Borkowski, personal communication, January 3 1 ,  

1 995), rather than planning and monitoring as is the case in the current study. 

In the most recent formulation of the metacognition model (Borkowski & Muthukrishna, 

1 992), the specification of attributions and metacognitive strategy use to other components 

in the model varied in a number of ways from earlier versions of the model, and to models 

specified in the present investigation. In the latest version of the metacognition model, it was 

posited that (a) attributions predict metacognitive strategy use, and (b) metacognitive strategy 

use predicts metacognitive knowledge which in turn predicts cognitive strategy use. Earlier 

versions, however, had specified that metacognitive strategy use predicts cognitive strategy 

use, and that metacognitive knowledge has reciprocal relationships with metacognitive and 

cognitive strategy use. 

The model specified in the current study differed from that specified by Borkowski and 

Muthukrishna ( 1 992) in two major ways. In the present study, attributions predicted 

metacognitive knowledge instead of metacognitive strategy use. In addition, metacognitive 

knowledge predicted metacognitive strategy use rather than the converse. 

That attributions may have a direct impact on metacognitive strategy use as theorized by 

Borkowski and Muthukrishna ( 1 992) was tested as a competing model in the present study. 

Although this model provided a good fit to the data, a negatively valenced coefficient resulted 

(see Appendix H, section H.3, Model 3 .9) . This result was contradictory to theory and 

previous empirical fmdings and was therefore rejected. 



253 

The direct influence of metacognitive strategy use on metacognitive knowledge (or specific 

strategic knowledge) as posited by Borkowski and Muthukrishna (1 992) was not specified in 

the present study. There are several reasons why the aforementioned relationship might not 

be as theorized. It can be argued that metacognitive knowledge must develop before 

metacognitive strategy use can develop. In fact, Borkowski and Muthukrishna proposed this 

themselves (see Borkowsk.i & Muthukrishna, 1992, p. 484). 

Borkowski and Kurtz (1 987) have suggested that "an important internal dependency exists in 

the model", whereby each component relies on the quality and development of earlier 

components (p. 127). For instance, metacognitive strategy use, which involves on-line 

regulation and selection of cognitive strategies, can only become operative after detailed 

representations in metacognitive knowledge (and even general strategy knowledge) 

components have accumulated (see Chapter 5, section 5.2.2, point 4). In other words, before 

reflection about strategies and self-experimentation with strategies can occur, the student must 

have some knowledge of these strategies. It therefore seems reasonable to assume that 

metacognitive knowledge is a precursor to metacognitive strategy use. Consequently, it seems 

more plausible to suggest that metacognitive knowledge predicts metacognitive strategy use 

rather than the converse. Alternatively, it may be useful to suggest that there is a reciprocal 

relationship between metacognitive knowledge and metacognitive strategy use as was indicated 

in the earlier models (Borkowski et al., 1 989, 1990, 1992). 

In conclusion, the argument that metacognitive strategy use can only become operative after 

detailed representations in metacognitive knowledge have accumulated suggests that the 

relationships between cognitive and metacognitive variables may be better represented in 

Borkowski' s (Borkowski et al., 1 989, 1 990, 1992) earlier models than in his latest model 

(Borkowski & Muthukrishna, 1 992). One criticism which could be levelled at the most 

recent development in Borkowski' s model is that this refmement may have proceeded too 

quickly and prior to sufficient empirical testing to inform theory development. 

Despite these concerns, Borkowski's (Borkowski & Muthukrishna, 1992) latest refmement of 

his model (which includes attributional beliefs in the model rather than as a general strategy 

knowledge correlate) is commendable. Although the model appears to emphasize the 

integration of self-system constructs, it does not explain how different self-system constructs 

interact together in predicting their metacognitive counterparts. In addition, the relationships 

between attributional beliefs and the metacognitive components would benefit from causal 
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empirical research. The present study is unique in that it provides empirical evidence with 

causal implications for Borkowski et al. 's  (1 989, 1 990, 1 992) model. Moreover, it specifies 

how self-system constructs of attributions and self-efficacy relate to each other and to their 

metacognitive and cognitive counterparts. In general, the fmdings provide support for 

Borkowski's earlier models. 

10.5.2 Implications for relationships that distinguish between groups 

Borkowski suggested that three main components distinguished NA and RD readers: 

attributional beliefs, metacognitive knowledge, and metacognitive strategy use (Borkowski 

et al., 1 989, 1 990, 1 992; Borkowski & Turner, 1 990; Groteluschen et al., 1 990). Carr et al. 

( 1 99 1 )  extended Borkowski' s findings by showing that the association between ability and 

attributional beliefs differed across achieving and underachieving readers. The fmdings in the 

current study support the fmdings of Borkowski et al. ( 1 989, 1 990, 1 992) and Carr et al., but 

implicated two other variables, namely cognitive strategy use and self-efficacy, in explaining 

reading achievement and impairment. 

The discriminant analysis results and the SEM finding of a difference in the path between 

cognitive strategy use and performance across groups support the significant role cognitive 

strategy use plays in explaining differences between NA and RD readers. This fmding is 

further substantiated by the empirical fmdings in the strategy use literature that suggest that 

NA students employ cognitive strategies to enhance their performance (e.g., Chan, 1 995; 

Pokay & Blumenfeld, 1 990), whilst RD students do not (e.g., Scruggs & Mastropieri, 1 986). 

However, there may be methodological factors that may explain the difference in the path 

between cognitive strategy use and performance across groups. For instance, the difference 

between groups may be a function of the way cognitive strategy use was assessed and 

measured in the present study. As noted previously, cognitive strategy use was measured in 

terms of self-reported strategy use or frequency. This may not be an adequate measure 

especially in light of fmdings in the behavioural data which suggested that RD students may 

employ cognitive strategies similar to NA students, but implement them ineffidently. 

In the present study, during the interviews, it was observed that some RD readers were more 

likely to answer the comprehension questions incorrectly despite their report of a cognitive 
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strategy that was appropriate for the task. In other words, although RD students may self

report appropriate strategy use, they may not use the strategy effectively. Thus, a frequency 

measure of strategy use may not explain the relationship between cognitive strategy use and 

performance accurately, because strategies can be used with differing degrees of effectiveness 

(R. E. Reynolds, Wade, Trathen, & Lapan, 1989). This discrepancy between reporting 

cognitive strategy use and using it effectively was highlighted by R. E. Reynolds et al. ( 1989) 

who stated that "There seems to be an implicit assumption that if students say they are using 

a strategy or exhibit behaviours that are seen as reflecting a strategy, then they must be using 

the strategy effectively" (p. 1 75). 

Structural equation modelling analyses suggested that although the joint influence of success 

and failure attributions on efficacy was similar across groups, the attributional components 

varied in their impact on efficacy across groups. The relationship between self-efficacy and 

performance was also found to differ across groups. Hence, in addition to attributional 

beliefs, efficacy is also an important variable in explaining reading performance and 

impairment. The results of the discriminant analysis also indicated that self-efficacy is a key 

discriminating variable in distinguishing RD and NA students. Consistent with previous 

research, the fmdings of the present study suggest that RD students have lower self-efficacy 

than NA students. The importance of the path between self-efficacy and performance in 

differentiating NA and RD readers was not specified in Borkowski' s theory (Borkowski et al., 

1989, 1 990, 1 992; Borkowski & Turner, 1990; Groteluschen et al., 1 990). However, it is 

important to note that the specific effects of efficacy on other components of the model were 

not delineated by Borkowski et al. ( 1989, 1990, 1992) since they did not include efficacy as 

a separate variable in their model. 

The differential importance of motivational and cognitive variables in predicting performance 

across groups is consistent with a developmental or maturational lag hypothesis (Houck, 

1984). Motivational beliefs accounted for more variance in the reading performance of RD 

than NA readers. In contrast, cognitive and metacognitive strategy use variables accounted 

for more explained variance for reading performance in NA than RD readers. These fmdings 

are consistent with findings of previous research which suggested that metacognitive and 

cognitive skills become increasingly influential as the child matures and develops 

academically (Chan, 1995; Paris & Oka, 1 986). 
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In conclusion, the fmdings of the present study concurred with Borkowski et al.'s ( 1 989, 

1 990, 1 992) prediction that attributions, metacognitive knowledge, and metacognitive strategy 

use distinguish NA from RD readers. However, the fmdings of the present study also 

suggested that two other components may be important in distinguishing between NA and RD 

readers: cognitive strategy use and self-efficacy. Although Borkowski, in later versions of his 

model, has begun to focus on the different self-system constructs in predicting their 

metacognitive counterparts, he does not explicate how these self-system constructs relate 

together in predicting performance. In addition, it is important to note that the present study 

goes further by examining whether the relationships between components are similar across 

groups. Further research using SEM procedures is required before any definitive statements 

can be made regarding the role of these variables in distinguishing NA and RD readers. 

1 0.6 Findings of secondary goals of present study 

A stepwise discriminant analysis was conducted to provide validation for the multidefmitional 

approach used in identifying RD adolescents and also to identify important predictors that 

would differentiate between NA and RD readers. The high classification rates (93 .5% for NA 

readers and 97.0% for RD readers) provide validation and support for the utility of the 

multidefinitional approach used to define RD adolescents. In employing such an approach, 

some of the major conceptual and measurement problems associated with the commonly used 

regression approach in defming reading disabilities were avoided. The multifaceted approach 

used in the present study shows great promise in defming reading disability and has recently 

received strong recommendation by researchers (e.g., Shaw et al., 1 995). It is anticipated that 

the strong empirical fmdings supporting this approach will stimulate renewed discussion as 

well as the development of alternative criteria for inclusion in the multifaceted defmition. 

Another goal of the present study was to identify predictors that would discriminate between 

NA and RD readers. · The results of the current study provide additional data on the 

motivational and metacognitive characteristics of RD and NA readers, given the conflicting 

fmdings noted to date. For instance, the literature has revealed inconsistencies in results when 

comparing the motivational beliefs of RD and NA students. Although the majonty of studies 

indicate that RD students in general have debilitating attributional beliefs and low self

efficacy, some research suggests otherwise (Pintrich et al., 1994; H. Rogers & Saklofske, 
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1 985). The present study concurs with research fmdings showing that RD readers have 

maladaptive attributions and lower self-efficacy. 

Researchers also disagree on the extent of metacognitive knowledge differences between NA 

and RD readers. Some researchers have found few metacognitive knowledge differences 

between NA and RD readers (e.g., van Kraayenoord, 1986). The RD students in the current 

study exhibited less metacognitive knowledge, which is consistent with most previous 

research. Also, in comparison to NA readers, RD readers reported less use of cognitive and 

metacognitive strategies. Students who were more strategically engaged in trying to read had 

more metacognitive knowledge about reading and performed better than students who reported 

less strategic engagement. 

The discriminant analysis fmdings of the present study replicate earlier findings regarding 

factors that distinguish NA from RD students. For example, Oka and Paris (1987) found RD 

children were less strategic, had less positive attitudes and self-perceptions towards reading, 

and an extrinsic orientation when compared with NA children. In the present study 

motivational variables provided the strongest discrimination between NA and RD groups. 

Metacognitive knowledge and cognitive strategy use also significantly discriminated between 

the groups, but they were less predictive power than the motivational variables. 

In summary, both the discriminant and structural equation modelling analyses suggest that 

motivational beliefs, metacognitive knowledge, and cognitive/metacognitive strategy use are 

important predictors of reading comprehension and that they are key discriminating variables 

in distinguishing NA from RD readers. Hence, the fmdings suggest that metacognitive and 

motivational variables combine effectively to distinguish between NA and RD readers. In 

addition, RD adolescents appear to have functioning metacognitive-motivational systems but 

the components of the metacognitive-motivational system may be weak or dysfunctional in 

nature. This retardation appears to take the form of poorer performance on all variables 

measured in the current study. The results also provide validation for the multidefmitional 

approach used in this study for defming RD students. 

10.7 Educational implications 

The present study provides several implications for educational practice. The motivational, 
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cognitive, and metacognitive difficulties of RD readers lead to the question of how best to 

assist students who have reading difficulties. The provision of needs-based special education 

programmes integrated within general education, as proposed in the Draft review of special 

education (Department of Education, 1 987), are suggested to overcome many of the problems 

facing RD students. However, the general lack of remedial programmes for students with 

reading disability in New Zealand schools suggests that RD students' potential will remain 

largely unrealized (Chapman & Wilkinson, 1 988). It is beyond the scope of this thesis to 

elaborate on complex issues of remedial theory and practice, so the reader is referred to 

Borkowski and Pressley, whose research may offer some guidelines on interventions that can 

help maximise motivational beliefs and strategy use (Borkowski et al., 1 990; 1 992; Borkowski 

& Muthukrishna, 1 992; Carr & Borkowski, 1 989; Pressley, Goodchild, et al., 1989; Pressley, 

Symons, et al., 1 989). 

The fmdings of the current study are consistent with Borkowski' s research (Borkowski et al., 

1 992; Borkowski & Muthukrishna, 1 992; Groteluschen et al., 1 990) which suggest that the 

relationships between motivational beliefs, metacognitive knowledge, cognitive strategy use, 

metacognitive strategy use, and achievement are interdependent. Consequently, RD students' 

lack of reading success seems to be based, at least in part, on skills that are modifiable or 

amenable to instruction. These would therefore be important components to consider 

incorporating in training programs as discussed below. 

First, helping RD students to become self-reliant and efficient cognitive processors of 

information is clearly an important educational goal. This goal is based on the fmdings of 

the current study and previous research (Borkowski et al., 1 989; Swanson, 1 990) which 

suggest that cognitive processes used by RD students do not appear to exhaust or even tap 

their intellectual capability. Even though cognitive strategies did not directly predict reading 

performance for RD readers in the present study, the fmdings for NA readeJ;"S suggest that 

cognitive strategies are important for students' reading achievement. Children with reading 

disabilities are often viewed as inefficient learners who have poor or few strategies for 

reading. This deficiency leads to an inability to reach their academic potential (Swanson, 

1 989). The fmding that RD students may be inefficiently implementing their cognitive 

strategies, as revealed in the interview data, suggests that extended practice on cognitive 

strategies may be required for maintenance and generalization (Symons, Snyder, Cariglia-Bull, 

& Pressley, 1 989). In providing students with extended practice on a wide variety of 
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carefully monitored ecologically valid tasks, teachers may be able to give corrective feedback, 

while allowing students ample time to master a strategy to the point of automaticity (Pressley, 

Syrnons, et al., 1 989). This practice will provide students with first hand experience as to 

the benefits, limitations, and adaptability of the strategies they have been taught on tasks they 

meet everyday in the classroom (Valencia & Pearson, 1 987). 

However, the important role played by metacognitive strategy use in predicting reading 

performance for both NA and RD readers suggest that teaching cognitive strategies may be 

insufficient. Students also need metacognitive skills to enable them to use strategies 

automatically and efficiently, coordinate several strategies needed to achieve a task, and adapt 

strategies to meet differing task demands. Consistent with empirical research, the present 

study findings suggests that RD students have problems choosing and using metacognitive 

strategies to monitor and regulate their use of cognitive strategies. Thus, metacognitive 

strategy training may also be required. The use of metacognitive strategies is a learned skill 

which may need to become habitual to be effective. It is possible that, over time, students 

utilizing metacognitive strategies more frequently will be able to integrate these strategies 

more efficiently to improve reading comprehension. 

The above discussion suggests that teachers might help by providing students with two types 

of strategy training: cognitive strategy training which focuses on task-specific reading 

strategies, and metacognitive strategy training which involves instruction on techniques that 

involve monitoring, planning, and regulation. There are many existing programmes which 

target these areas and research shows that strategy training programmes improve students' 

metacognitive knowledge, strategic engagement, and performance (see Weinstein, Goetz, & 

Alexander, 1 988). 

With independent practice at applying strategies in a variety of situations students may 

achieve a level of success they had been unable to achieve previously. Realising success is 

within their control may encourage students to expend more effort in u5ing strategies on other 

tasks, and in turn increase the likelihood that they will emphasize strategically based effort 

over ability when evaluating their own performances. These attributions would in turn lead 

to an increase in effort and strategic behaviour on future tasks. 

Second, the current study also indicates that students' motivation is important for students' 

strategy use and classroom achievement. As teachers attempt to implement strategy 
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instruction and foster strategy use in their classrooms, it is important for them to remember 

that students' motivational processes influence cognitive and metacognitive strategy use. As 

Borkowski, Weyhing, et al. ( 1 988) pointed out, strategy training "in isolation from 

motivational histories, is an ineffective method of instruction for students with lengthy records 

of poor self-esteem and negative attributional beliefs about the importance of personal control" 

(p. 5 1 ). Hence, another general goal in remediation would be the restoration of positive 

motivational beliefs. Learning and reading tasks could be structured to ensure some degree 

of genuine success. Providing tasks which are too easy will seldom allow students credible 

opportunities for demonstrating self-efficacy. 

The findings of the present study revealed that efficacy may be potentially important in the 

development of cognitive and metacognitive strategies. Self-efficacy appears instrumental in 

the deployment of both cognitive and metacognitive strategies, which in turn affects the 

quality of reading performance. Priority could be given to improving reading self-efficacy 

in conjunction with strategy training. Research by Bandura (1 986) and Schunk ( 1 990) suggest 

that efficacy is a malleable construct that can be improved with coaching and modelling. 

Coaching generally improves efficacy by providing motivational support and increasing 

persistence (Bandura, 1 986), while modelling by peers and teachers also improves the on-line 

use and regulation of strategies (Zimmerman, 1 990). 

The importance of teaching attributional beliefs was also highlighted by the results, 

particularly in light of its crucial role in the development of the entire metacognitive

motivational system. Of the subcomponents of attributional style, the fmdings in the current 

study suggest that failure attributions may be more predictive of metacognitive knowledge 

than success attributions. Previous research has shown that RD children who were provided 

with attribution retraining showed improvement in their metacognitive knowledge and 

performance. The findings of the present study refme this notion by suggesting that 

attribution training may need to focus on failure attributions particularly for failure prone RD 

children who have maladaptive responses to failure. 

The research fmdings of this study also question the appropriateness of proposals that call for 

teachers to arrange classroom learning so that students experience either no failure or as little 

failure as possible (e.g., Glasser, 1 969). This view assumes that failure per se causes loss of 

confidence and self-esteem. A contrary view would suggest that failure can act as a positive 

force so long as it is properly interpreted by the learner. Instead of focusing on failure as 
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destructive, educators could illustrate that falling short of one's goals (an inevitable 

experience), can be interpreted in ways that promote the will to persist. For example, recent 

research has demonstrated that attributing explanations for failure to faulty strategies is 

important for future motivation (Weinstein, Hagen, & Meyer, 1 99 1 ). In her theory of 

constructive failure, Clifford (1 984) suggests that failure is more likely to produce 

constructive effects if students feel a sense of personal causality. She contends that 

attributions for failure to poor strategies should be encouraged for two reasons. First, strategy 

explanations can turn failure outcomes into problem solving situations. Second, instead of 

focusing on negative implications of failure, students would concentrate on fmding more 

effective strategies. Therefore, it may be important for teachers to train students to 

discriminate between strategy, effort, and ability attributions in order to enhance future 

motivation. 

Borkowski et al. ( 1 989) have stressed the need for training programs to address RD children's  

beliefs about the implications of failure. Hence, it may be important for teachers to 

demonstrate to students that failures in reading can become constructive experiences from 

which independent problem solving can be learned. This is reinforced by Paris and Bymes 

( 1 989) who stated, "indeed, failure without insight can be defeating in the same way that 

success without understanding does not promote future learning. Chronic success and 

mindless failure are to be avoided in the classroom because neither provides the opportunities 

for students to develop effective coping strategies" (pp. 1 93-194). 

A promising approach may involve teaching students to redefme failure as a common and 

informative experience that induces action based behaviour. In viewing success and failure 

as steps in learning rather than terminal outcomes, students would be motivated to identify 

alternative ways to achieve success, thus "depersonalizing failure" in the process (Borkowski 

et al., 1 989; Oka & Paris, 1 987). To inoculate students against interpretations of lack of 

control, teachers could model failure situations due to ineffective strategy use and demonstrate 

how strategy based effort can help overcome failure. In addition, students could be shown 

how information acquired from unsuccessful experiences could be used to improve 

performance on subsequent tasks. 

Finally, it may help to make adolescents aware that ability, attributions, self-efficacy, 

metacognitive knowledge, cognitive strategy use, and metacognitive strategy use represent six 

separable components of learning. These components play unique and perhaps compensatory 
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roles in achievement. Students could be encouraged to understand that differences in general 

ability need not necessarily limit one's efficacy, nor constrain metacognitive knowledge 

acquisition or the use of strategies. In addition, students could be encouraged to practice a 

variety of cognitive and metacognitive strategies until these strategies are automatized and 

students feel confident using them (Alexander & Judy, 1 988; Pressley et al., 1987). Failure 

to do so may place them at risk for inappropriately attributing reading failures to lack of 

ability or metacognitive knowledge. 

In conclusion, the findings of the study imply that a variety of variables might be used 

productively in training programmes to improve reading performance. The interdependence 

of motivation, metacognitive knowledge, and cognitive/metacognitive strategy use variables 

in the metacognitive-motivational system suggest that enhancement programmes which include 

strategy and motivational variables could be more effective in improving reading performance 

than programmes which consider these variables in isolation. Therefore, parents and 

educators need also consider the affective and motivational well being of students (particularly 

RD students) when evaluating their progress and creating strategy training programmes. 

10.8 Limitations and strengths of present study 

10.8.1 Limitations 

Although the results of the present study seem to provide relatively strong support for 

Borkowski et al. 's  ( 1 989, 1 990, 1 992) model, one must nevertheless be cautious in accepting 

this conclusion. Hence, several caveats should be noted in interpreting the fmdings of the 

present study. 

The first limitation involves the characteristics of the sample. Although the present research 

fmdings confirm many of the fmdings of previous research, the generalizability of the fmdings 

to the broader population of adolescents is tentative as the study involved a highly selected 

group of RD readers with restricted variance in their IQ and performance scores. 

Furthermore, the occurrence of a negative variance for the PAT measure for the RD reader 

group (see Chapter 9, section 9.3 . 1 . 1 ), although circumvented by fixing the measurement 

error, suggests results must be interpreted cautiously. 
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Another major limitation involved the intertwining of selection criteria with components of 

the model. In the present study the group selection process was correlated with two variables 

of interest, namely, intelligence and reading performance, resulting in questions about the 

validity of the structural model. Research has demonstrated that sample selection bias can 

result in biased and inconsistent estimates of structural parameters (see Berk, 1 983). The 

implication of previous research is that even though the same model may hold in different 

groups, the selection process may lead to a situation in which there are apparent group 

differences in model structure or model coefficients (L. J. Horwood, personal communication, 

March 27, 1 995). However, some reassurance on this matter can be obtained. First, the 

selection process consisted of a multidefmitional approach involving variables that were not 

included in the model, and the IQ and PAT variables constituted only one aspect of the 

selection process. Additionally, the models in the present study suggest largely identical 

structural parameters between groups. Finally, although different selection procedures were 

used and different samples obtained for the present study and Carr et al. ( 1991 ), the present 

study obtained a model rather similar to that of Carr and her colleagues. This would suggest 

that the general structural relationships which hold between the variables of interest (and 

common across studies) are fairly robust to sampling considerations. 

The second limitation concerns the structural equation modelling procedures used in the 

present study. Most of the concerns are relevant to SEM procedures and not specific to the 

study, but are still worth noting. Although SEM procedures are based on correlations, and 

correlation does not necessarily imply causality, results gleaned from SEMs are usually 

discussed in "causal" terms. As Mulaik ( 1 987) has argued, "causation implies correlation" (p. 

20), thus when testing hypotheses regarding causal relationships, and when finding support 

for these relationships, it only makes sense to discuss the results in terms of support for 

causality (see Bagozzi, 1 980; and Biddle & Marlin, 1 987, for further discussion of this point). 

Although SEM cannot be used to establish causality or the validity of one theory over 

another, it has implications for theory development. As such, SEM allows a researcher to 

compare and contrast several alternative theoretical models as possible explanations of 

performance (Carr et al., 1 99 1 ). 

The next issue relates to the a posteriori modifications made to the hypothesized models. The 

demonstrated goodness of fit between the models and the data is owed in part to the changes 

made in the hypothesized model during the specification search. While such a process is 

generally accepted, it raises concerns about the risk of capitalizing on chance. As various 
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authors have emphasized, any changes made in the structural model during the specification 

search must therefore be justified on theoretical as well as mathematical grounds (Cliff, 1 983; 

MacCallum, 1 986). In consideration of this, a discussion of such substantive theoretical 

considerations concerning parameters that were added or deleted in the model was included 

in the present study (see Chapter 9, section 9.3. 1 . 1 ). However, one issue, relating to 

correlated errors, deserves mention again because a number of researchers have reservations 

concerning the inclusion of correlated errors in models. In the present study, although these 

correlated errors were permitted on justifiable grounds (see Chapter 7, section 7.4.2), there 

remains the doubt that by including these correlated errors, one may be capitalising on chance 

variation in the data Experimentation with the fitted models demonstrated that regardless of 

the pattern of correlated errors fitted for a given model, a similar set of underlying structural 

relationships were observed to hold. Thus, the inclusion of correlated errors had minimal 

impact on the estimated structural parameters of the models but significantly improved fit of 

the models. Nevertheless, it is important to cross validate the fmdings of the study. This was 

not possible in the present study because of the moderate sample size. It is also notable that 

the inclusion of a large number of correlated errors may have resulted in overfitting of the 

models as indicated by the high probability levels. 

The third issue relates to the use of single indicators. The LISREL analyses may have been 

hindered by the lack of multiple indicators for the ability construct. In hindsight, it may have 

been useful to include more indicators, as the reliability estimate for the measure of the 

WISC-R for the sample in the present study was lower than that obtained for other studies 

(L. J. Horwood, personal communication, August 23 , 1 994). 

The fourth issue relates to alternative ways of testing the hypothesized models, particularly 

with regard to the factor structure of success/failure attributions and cognitive/metacognitive 

strategy use. Although tests of one factor and two factor representations of attributional style 

and strategy use measures were conducted, there is a third alternative. This consists of a 

second order factor model with two first order factors of success/failure attributions and 

cognitive/metacognitive strategy use, and a single second order factor of attributional style and 

combined strategy use. In this second order factor model, success/failure attributions and 

cognitive/metacognitive strategy use variables are merely indicators. In the case of the 

strategy use factors, such a model examines the question "Does the elaboration of strategy use 

into separate metacognitive and cognitive components add anything to the explanation of the 

reading performance over and above combined strategy use?" In the case of the attributional 
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style factors, such a model examines the question "Does the elaboration of attributional style 

into separate success and failure attribution components add anything to the explanation of 

the reading performance over and above attributional style?" 

Although it is common practice for social science researchers to test the models such as those 

in the present study using one and two factor representations, these higher order factor 

representations of the attributions and strategy use constructs do provide alternative means to 

synthesize the representation of these measures. Attempts were made to fit models using a 

second order factor model with two first order factors for the attributions and strategy use 

constructs. Unfortunately, despite experimentation over a wide range of potential starting 

values for the model parameters, these models proved impossible to implement in the LISREL 

programme. 

The last issue relates to the hypothesized structure of the model. As with all mediational 

models, it is probably always possible to conceive of alternative formulations that account for 

the data set equally well. The results that are reported in this study are based on a 

hypothesized model of students' strategy use based on the author ' s  interpretation of the 

literature. It is possible that another model with differently specified paths might also fit the 

data. Since in principle it is impossible to conclusively "prove a mediational theory", the 

researcher' s  hope can only be that over time the accumulated evidence becomes "inescapably 

consistent with that theory" (S. E. Taylor & Fiske, 1 98 1 ). 

The third limitation involves the nature of the design. The cross sectional design used in the 

current study focuses on the way adolescents' motivational beliefs, metacognitive knowledge, 

cognitive/metacognitive strategy use, and reading achievement are related at a particular point 

in time. It does not consider the possible dynamic and developmental nature of these 

relationships. Neither does it provide insight into the hypothesized reciprocal relationships 

between students' motivational beliefs, metacognitive knowledge, and strategy use proposed 

by Borkowski et al. ( 1 989, 1 990, 1992). 

The next limitation involves the method by which strategy use was measured. Although data 

were collected through paper-and-pencil instruments and individual interviews, they still 

represented self-report data. While self-report methods are generally accepted for collecting 

data on strategy use, it is not clear the extent to which students accurately report their use of 

strategies. The results that are reported here are based on the assumption that the instruments 
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are valid measures of students' strategy use; the psychometric data of these measures in the 

present study appear to support this. Also, several researchers have documented that self

reported strategy use is significantly correlated with observable strategy use (Brown, 1 980; 

Justice & Weaver-McDougall, 1 989). 

The results of this study are additionally limited by the nature of the items included on the 

paper-and-pencil instrument and in the interview for strategy use. The purpose of this study 

was to examine students' use of strategies with text. To this end the questions about students' 

strategy use could have been better matched across the questionnaire and interview formats. 

Questions on the paper-and-pencil instrument related to students' general use of strategies with 

text, while questions in the interview related to students' use of strategies with a specific text 

task. It may have been appropriate to design questions so that observations of students' 

monitoring and regulation of cognitive strategies could be made. Furthermore, the measures 

of metacognitive strategy use did not often measure aspects of strategy selection and task 

analysis, which was the focus of Borkowski's definition (Borkowski & Turner, 1 990). 

In retrospect, a frequency measure of strategy use, as was employed in the present study, may 

not have. provided an accurate appraisal of the relationship between strategy use and 

performance. It was noted on several occasions that although RD students reported a 

cognitive strategy that was appropriate for the task, they were not able to answer the question 

correctly. In other words, students did not use the strategy effectively. Hence, a frequency 

measure. of strategy use may not yield an accurate picture of the relationship between strategy 

use and performance. Swanson's research also suggested that measures assessing strategy 

efficiency are likely to provide a clearer picture of the relationship between strategy use and 

performance (Swanson, 1 989; Swanson & Cooney, 1 985). 

10.8.2 Strengths 

Despite the constraints noted in section 1 0.8. 1 ,  the present study has several strengths and 

provides several contributions to theory and research. First, the present study may have made 

an important advancement in taking a multidimensional approach both in defining RD readers 

and in investigating reading comprehension performance. Despite recommendations for a 

multifaceted definition, this study appears to be one of the first to have implemented such an 

operational definition in an empirical study. The criteria used for this multidefmitional 
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process were those that were derived from the learning/reading disability literature and 

represented common elements across definitions. Support for the validity of such an 

approach was provided by the results of the discriminant analyses. 

Although a number of studies have used unicomponential approaches to investigate reading 

comprehension performance, the present study developed models based on a 

multicomponential view of reading comprehension. In addition, these models were developed 

within a causal framework. Studies that have investigated reading performance using a 

multicomponential approach have often used designs that established correlational rather than 

causal relationships (e.g., Paris & Oka, 1 986). 

A second strength involves the general statistical model applied in the present study which 

represents a useful new direction for multicomponential research on reading comprehension. 

Few studies have used structural equation models, which are statistically superior to 

investigations relying on correlations or path analyses. By using the inferential power of 

structural equation modelling techniques, the current study has afforded a more stringent test 

of Borkowski et al. 's  ( 1 989, 1 990, 1 992) theory. The use of such techniques permitted the 

testing of all of the links in a mediational model simultaneously, rather than in the typical 

piecemeal fashion. Structural equation modelling also afforded the possibility of clarifying 

controversial or ambiguous aspects of the hypothesized model (as well as elaborating and 

refining the model), and of contrasting the hypothesized model with competing alternative 

conceptualizations. As a result, it has provided preliminary answers to several unresolved or 

competing issues (concerning adequacy or inadequacy of particular paths) associated with the 

model. For example, theoretical issues concerning the relationships between ability and 

performance, ability and efficacy, cognitive strategy use and performance, metacognitive 

strategy use and cognitive strategy use, and attributions and metacognitive strategy use were 

all addressed. 

The present study also incorporated many of the principal components of Borkowski et al. 's  

( 1 989, 1 990, 1 992) model that have previously been studied in isolation. In fact, the present 

study may be the first to examine most components in Borkowski' s model of metacognition, 

particularly in relation to metacognitive knowledge, cognitive strategy use, and metacognitive 

strategy use variables. Path analytic or regression studies to date that have investigated 

relationships between metacognitive and motivational variables, have usually omitted either 

the metacognitive knowledge or the cognitive/metacognitive strategy use variables. The 
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present study provides some preliminary empirical support for the causal mediating role of 

metacognitive knowledge and strategy use in the relationship between motivational beliefs and 

reading performance. 

A fourth strength of the current study is that it extends the literature on causal attributions in 

achievement contexts by exploring the separate effects of attributional subcomponents on 

metacognitive knowledge and self-efficacy. The current study also used domain specific 

measures whereas previous studies have relied almost exclusively on generalized measures of 

motivational beliefs, strategy use, and academic peiformance (Zimmerman & Martinez-Pons, 

1 992). 

Unlike previous research which has relied on standardized tests (e.g., Paris & Oka, 1 986), this 

study included both standardized reading achievement test scores and classroom marks as 

indicators of reading performance. The use of a standardized reading test as the sole measure 

of comprehension in previous research has raised some concerns (DeFina, Anstendig, & 

DeLawler, 1 99 1 ). It is argued that children are generally well aware of their classroom marks 

while they are often not informed of their standardized test scores. Therefore, if academic 

achievement is presumed to influence the child's motivational beliefs, it is more likely that 

this relationship would be more accurately modeled when classroom marks are included as 

an indicator of achievement. 

10.9 Future research 

The findings and design of the present research have some implications for future research 

on causal models of reading comprehension. One goal of future research would be to further 

substantiate the mechanisms underlying the links between attribution subcomponents and 

metacognitive knowledge and the link between attribution subcomponents ·and efficacy. 

Another related line of research could examine the separate effects of attributional dimensions 

(e.g., controllability, stability) on metacognitive knowledge and efficacy. Furthermore, 

attributional theorists have to date been largely unsuccessful in overcoming conceptual and 

methodological problems related to attribution measurement. Consequently, an important 

prelimina!y step for future research in this area could be establishing valid and reliable 

measures of children's attributional beliefs about reading. 
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A stronger design than employed here could be attempted in future studies when replicating 

the fmdings of this study. Byrne (1 984) recommended that studies which address the 

direction-of-causality question follow these prerequisites: (a) a statistical relation must be 

established, (b) longitudinal designs should be used with a clearly established time precedence, 

and (c) a causal model must be tested. Although a longitudinal design and structural 

modelling improves the capacity to make causal inferences, such inferences are not necessarily 

conclusive (Holland, 1 986). However, by testing alternative models, supplementing these with 

intervention research, and cross-validating results as a part of the model-building process, 

investigators are in a better position to interpret their findings with more confidence. 

The relationships that were hypothesized in this study between the measures of attributional 

style, self-efficacy, metacognitive knowledge, and metacognitive/cognitive strategy use were 

unidirectional. It is likely that the relationships among these variables are more dynamic and 

reciprocal, as indicated in Borkowski et al. 's ( 1989, 1 990, 1 992) model. However, testing 

reciprocal relationships was beyond the scope of the study given the moderate sample size. 

A longitudinal design with SEM techniques, coupled with intervention research, could be used 

in future research to investigate this question. 

Given the complex nature of performance, it must be acknowledged that many other variables 

are likely to influence reading attainment. Therefore it could be argued that the present study 

focused on a limited number of factors. Moreover, it seems clear from the moderate levels 

of explained variance (60%) that there are other factors implicated in reading performance. 

Consequently, future research may benefit from the inclusion of additional factors. Research 

concerning academic achievement has identified a number of factors that may be important 

to reading achievement. These include personal goals (Ames & Archer, 1 988; Meece et al., 

1 988), task value and interest (Pintrich & De Groot, 1 990), instructional context (A.mes & 

Archer, 1 988; Zimmerman, 1989b), and classroom settings (e.g., competitive-cooperative or 

ability grouped-ungrouped). In addition, family and cultural backgrounds are increasingly 

being considered by recent research to be important predictors of academic performance 

(Kurtz, 1 990). 

Another important direction for future research could be to assess the generality of fmdings 

of the present study. Although the present analyses suggest particularly strong 

interrelationships between attributional style, efficacy, metacognitive knowledge, 

metacognitive/cognitive strategy use, and reading achievement, it is important to note 
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developmental limitations of this study. Research has indicated that motivational beliefs, 

metacognitive knowledge, and strategy use of children change with age. It is quite possible 

the relationships amongst the aforementioned variables may differ with age (Chan, 1 995; Paris 

& Oka, 1 986). Follow-up investigations tracing the development of motivational beliefs, 

metacognitive knowledge, cognitive/metacognitive strategy use, and reading achievement over 

time may further clarify effects. Future research assessing the generality of the present 

study's findings across different types of reading tasks may also be useful. For example, 

research has indicated that attributions vary with different types of reading tasks such as 

reading for leisure versus reading for a test. 

Future studies of this model and others would benefit from the use of multiple and alternative 

measures of some constructs (e.g., ability, metacognitive knowledge, strategy use) and the 

investigation of other academic areas. Model tests across different populations would also be 

beneficial, especially those who are at risk of school failure. These efforts would provide 

further insight into the process of metacognitive, cognitive, and affective development and the 

generalizability of the hypothesized model across other groups of children. 

Some of the limitations of the present study addressed in section 1 0.8 . 1 could provide fruitful 

avenues for future research. For instance, the fmdings could be replicated using a similar 

operational definition of metacognitive strategy use as was used by Borkowski et al. ( 1 989, 

1 990, 1 992) .  In addition, efficiency and frequency measures of strategy use could be 

employed in future research so as to provide a more accurate appraisal of the relationships 

between cognitive/metacognitive strategy use and reading performance. Future research 

might also be profitably directed toward determining the factors that predict students' ability 

to utilize strategies in an effective and efficient manner. 

10.10 S ummary and conclusions 

A number of significant fmdings and implications have arisen from this dissertation. First, 

the present study demonstrates the saliency of metacognition to reading disability. 

Metacognition is relevant to reading disabilities because it broadens researcher�s perceptions 

and understanding of reaQing problems and highlights the importance of metacognitive skills 

(Wong, 1 987, 1 991  ) .  Furthermore, it shifts the focus from specific cognitive deficits that may 

not be malleable to strategic deficits which are amenable to instruction. 
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Second, the results provide support for the specification and formulation of theoretical 

linkages amongst students' motivational beliefs, their metacognitive knowledge, and cognitive 

and metacognitive strategic deployment in predicting reading performance and impairment. \ 

The study reported herein provides evidence of the interdependence of ability, attributional 

style, self-efficacy, metacognitive knowledge, cognitive strategy use, and metacognitive 

strategy use in predicting reading comprehension. These variables appear to operate as part 

of a dynamic network. The results corroborate previous empirical findings and provide 

general support for the metacognition model proposed by Borkowski et al. (1 989, 1990, 

1992). 

Third, there is considerable support for a strong relationship between motivational and 

cognitive/metacognitive factors, suggesting that metacognitive and cognitive processes have 

roots in the self-system (self-efficacy, attributional beliefs). Although motivational beliefs and 

cognitive/metacognitive strategy use are linked, strategy use is promoted by positive 

perceptions of self-efficacy and a sense of personal causality. Therefore, the incorporation 

of attributional style and self-efficacy as separate factors in metacognitive models seems 

pertinent for a more complete understanding of reading achievement and impairment. 

Fourth, one significant focus of the present study was to not only explain normal cognitive 

development but also atypical cognitive development in the domain of reading. This presents 

an important goal in cognitive developmental research, particularly with regard to developing 

parsimonious models. The fmdings of this study suggest that the gap between actual and 

expected achievement in RD students can be explained by an analysis of cognitive, 

metacognitive, and motivational variables. The model suggests that the performance of RD 

readers may be explained by (a) cognitive strategy deficiencies, as reflected in their 

significantly lower cognitive strategy use scores; (b) metacognitive deficiencies, as reflected 

in their significantly lower scores of metacognitive knowledge, and metacognitive strategy 

use; and (c) faulty motivational style, as reflected in their significantly lower scores of self

efficacy and attributions. 

While the relationships between motivational beliefs, metacognitive knowledge, and 

cognitive/metacognitive strategy use were similar across groups, distinct metacognitive

motivational models were required to explain reading achievement and impairment. 

Furthermore, the results suggest that differences in NA and RD adolescents may be due to 

differences in the ways attributional beliefs and self-efficacy are related to metacognitive 

development and also in the way cognitive strategy use is related to reading comprehension. 
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Thus, the development of skilled reading or its converse requires consideration of how 

cognitive skills, metacognitive skills, and motivational style interact to affect reading. 

Fifth, several educational implications were forthcoming from the fmdings of the present 

study. Prospective targets of instruction include inducing high self-efficacy, ensuring adequate 

metacognitive knowledge, encouraging consistent, reflective, and efficient use of 

cognitive/metacognitive strategies, and fostering adaptive attributions for success and failure 

outcomes. Two important educational implications merit mentioning again. First, to enhance 

the academic outcomes of all students, educators must avoid developing cognitive and 

motivational enhancement programmes in isolation, particularly in the light of fmdings that 

suggest motivational beliefs spur the development of the metacognitive system. Second, the 

fmdings support the importance of implementing interventions with a focus on failure 

attributions. The teaching of effective and adaptive coping mechanisms when faced with 

failure is likely to "depersonalize" failure experiences. This in turn is likely to promote 

further development of the strategic behaviour of both NA and RD students. 

Sixth, the fmdings of the present study provide potential insights for the conduct of future 

research. Two important areas deserve mention again. First, it may be necessary to further 

substantiate the mechanisms underlying the links between attribution subcomponents and 

metacognitive knowledge and the links between attribution subcomponents and efficacy. In 

addition, the findings of the present study could be replicated with a stronger design than that 

employed here. Second, future research might also be profitably directed toward determining 

the factors that predict students' use of effective strategies, and in investigating the 

relationship between strategy use and performance, using improved measures of metacognition 

and strategy use. 

In conclusion, this study demonstrates the utility of integrating motivational, metacognitive, 

and cognitive approaches to better understand reading achievement in school settings. In 

exploring the generalizability of models across populations, the present study contributed to 

scientific research by developing a more parsimonious theory of reading comprehension. By 

developing models that draw on the strengths of different theoretical approaches, researchers 

can begin to build more comprehensive models of reading achievement. The fmdings 

highlight the importance of formulating �chievement models that examine relations among 

attributional style, self-efficacy, metacognitive knowledge, cognitive/metacognitive strategy 

use and their causal links to achievement. Such a focus highlights the complexity of the 

learning process as an interactive and dynamic process. 
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APPENDIX A 

INFORMATION SHEET/CONSENT FORMS 

[MASSEY LOGO] 

RESEARCH PROJECT ON READING SKILLS 
INFORMATION SHEET 

What is the study about? 
The basic aim of this research is to investigate students' reading skills and their motivation to use 
them. We believe that research of this type is extremely valuable, in that it improves our 
understanding of the influence of children's motivation and use of reading skilJs on academic 
achievement. The project has the support of both the principal, Mr/Mrs ---------

of schooVcoHege and the Massey University Human Ethics 
Committee. It is being run by Mrs. Joyce Laird in consultation with Lecturers, Dr. Frank Deane 
and Dr. JuJie BunneH of Massey University (Psychology Department), and is funded by Massey 
University. 

What would your child have to do? 
As we do not have the resources to include every Form 2 student in the school in an stages of 
this research, some selection has to take place to ensure that we include students with a variety 
of reading skiJls in the main study. If you are wiJling to aHow your child to participate in this 
project and if your child is wiJling, then she/he will be required initiaHy for a period of 30-60 
minutes (depending on the child). 

Should we need to include your child in the main study, she/he wiJI be required to fi)) out two 
questionnaires and have a short interview. The questionnaires are quite straight forward and easy 
to fiJI out. In total, your child wiJJ be required for two 50 min. sessions to fiJI out the 
questionnaires and one 30 min. session for a short interview. Every effort wiJI be made to ensure 
that this does not interfere too much with norma) school work activities. 

What can you and your child expect from the researchers? 
As a parent/guardian of the participant: 
1 .  You have the right to withdraw your child from the study at any time. 
2. Your child has the right to withdraw from the study at any time. 
3. The information obtained is confidential to the researchers. The questionnaires are seen 

only by the researchers, and the participant wiJI be identified only by a code number. It 
wiJI not be possible to identify individuals in any published reports. 

4. You wiJI expect to be informed of the results of the study. 
5.  You will expect the principal and the teachers to be given a summary of the fmdings of 

the study. This wiJI provide them with useful information on how students learn reading. 

If you have any questions at aJI about this study, please caJI Joyce Laird at Massey University, 
Palmerston North (06) 3569099, extension 7922, or 3562045. 
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PARENT/GUARDIAN CONSENT FORM 

Please fill in the boxes and sign below to show whether you are willing to allow your child to 
participate in this study. 

(Please tick the boxes if you agree.) 

I agree to my child participating in the preliminary assessment. D 

I also agree to my child participating in the main part of the study, 

if this is required. D 

Student's name: --------------------------------------------------------

Parent' si Guardian's  name: -----------------------------------------------

Parent' si Guardian's signature: -----------------------------------------

Date: 
-----------------------------------

Notes: I .  Please keep the information sheet for your reference. 

2. Students will be asked to sign a separate consent form before being 
included in the study. Could you please ask your child to fill out the 
Student Consent Form, found on the next page. 

3 .  Please ask your child to hand the signed consent forms to his/her class or 
group teacher. 
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STUDENT CONSENT FORM 

Dear Student, 

My name is Joyce Laird and I am conducting some research at Massey University on students' 
feelings about reading and their use of reading skills. This is very important research because the 
findings will greatly improve our understanding of the way reading skills helps learning. 

I need the help of students in your age group to carry out this research and would be very grateful 
if you would be prepared to take part. 

If you are prepared to take part, you will 

1 .  Have the right to withdraw from the study at any time. 
2. Provide information on the understanding that it is confidential. The questionnaires are 

seen only by the researchers, and you will be identified only by a code number. 
3. Have the opportunity to receive information about the findings of the study. 

Please fill in the boxes and sign below to show whether you are willing to participate in this 
study. 

· 

(Please cut along dotted line and return the bottom half) 

(Please tick the boxes if you agree.) 

I agree to participate in the preliminary assessment. 

I agree to participate in the main part of the study, if this is required. 

Student's name: -----------------------

Date: 

D 

D 

Student's signature: _____________ _ --------

Class: 
------------

School:_·-----------------
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B . l  READING QUESTIONNAIRE I 

B.2 READING QUESTIONNAIRE 11 
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B.3 TARSUM: MEASURES, SCORING PROCEDURES, AND DEFINITIONS OF 
STRATEGIES 

B3. 1 PASSAGES 

B.3.2 INTERVIEW CODING FORM 

B .3.3 SCORING PROCEDURES FOR METACOGNITIVE STRATEGIES 

B3.4 DEFINITIONS OF STRATEGIES MEASURED IN THE TARSUM 
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B.l READING QUESTIONNAIRE I 

Please an�wer the following before you begin the questionnaire. 

NAME: 

DATE OF BIRTH: 

SCHOOL: 

CLASS:  

MALE FEMALE (circle) 

Do you consider yourself: MAO RI EUROPEAN POL YNESIAN 
ASIAN OTHER (circle) 

If you have circled OTHER, please specify: -----------

What is your first language: ----------

Introduction 

This questionnaire measures your learning skills and motivation for READING. 

The questionnaire is arranged in three separate sections, each with a different set 

of instructions. Be sure to read these instructions carefully. THERE ARE 

NO RIGHT OR WRONG ANSWERS TO TillS QUESTIONNAIR E. Your 

data will be treated as confidential. Nobody will see your answers apart from 

the researcher. 

I I I 3 

I I I 

rn 

DJ 

D 

D 

I I 1 17 
DJ 
DJ 
DJ 
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SECTION 1 

Directions 

In this section of the questionnaire, you will find a number of statements about your reading skills and your 

feelings about reading. For each of these statements, decide how well the statement describes you, and not 

in terms of how you think you should be or what others do. For each statement, use the scale from 1 

(NEVER TRUE) to 7 (ALWAYS TRUE), and circle the number that best describes you. As there are no 

"right" or "wrong" answers, please be absolutely honest. Do not leave any statements out; make a response 

to every one. 

To help you decide which number to circle, we would like to explain what is meant by each term. 

I - NEVER TRUE 

2 - ALMOST NEVER TRUE 

3 - SELDOM TRUE 

4 - SOMETIMES TRUE 

5 - OFTEN TRUE 

6 - ALMOST ALWAYS TRUE 

7 - ALWAYS TRUE 

EXAMPLE: (Circle the number that best describes you) 

never almost seldom 
never 

1 .  Personal problems interfere 
with my studying. 2 3 

2. I really like spinach. 1 2 3 

Now turn over to the next page and begin. 

sometimes often almost always 
always 

4 5 6 7 

4 5 6 7 
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SECTION 1 STARTS HERE 

office 
DSC 

Read each statement carefully and answer every item, even if it is hard to decide which answer 
is most like you. Just circle one number for each statement. 

How true these statements are for me 
never almost seldom sometimes ollen almost always 

never always 
1 .  To help me understand what I have read, I say it 

in my own words. 2 3 4 5 6 7 D 
2. When I read, I form pictures in my mind of the 

things I am trying to understand. 2 3 4 5 6 7 D 
3 .  I am not sure I will be able to understand most 

D things I read. 2 3 4 5 6 7 

4. After reading something, I sit and think about it 
for a while to check my understanding. 2 3 4 5 6 7 D 

5. When reading I learn by heart difficult words 
and ideas without understanding them. 2 3 4 5 6 7 

D 
6. When some of the sentences that I am reading 

are hard I either give up or read only the easy 

D words. 2 3 4 5 6 7 

7. I read quickly throufch the whole hassage to get 
the general idea be ore I read it t oroughly. 2 3 4 5 6 7 D 

8. When readin3 about something I try to link it to 
what I alrea y know. 2 3 4 5 6 7 D 

9. I am sure I can do an excellent job on the 
reading tasks given to me in class. 2 3 4 5 6 7 D 

1 0. I learn new words by picturing in my mind a 
situation in which they occur. 2 3 4 5 6 7 

D 
1 1 .  When I find that a chdcter in my book is hard 

to understand, I slow own my reading. 2 3 4 s 6 7 D 
1 2. I am sure I will receive a good mark for my 

reading comprehension test. 2 3 4 5 6 7 D 
13 .  When reading I check how well I understand 

the meaning of the story by asking myself 

D whether the ideas fit With the other information 
in the story. 2 3 4 5 6 7 
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How true these statements are for me office 
never almost seldom sometimes often almost always use 

never always 

14. I don't feel confident in doing well in reading. 2 3 4 5 6 7 039 
1 5 .  I am able to decide between more im{'ortant and 

less important information while readmg. 2 3 4 5 6 7 0 
1 6. When I read, I underline the main ideas. 2 3 4 5 6 7 0 
1 7. I learn new words by relating/linking them with 0 words which I already know. 2 3 4 5 6 7 

1 8 .  I am sure that I will be able to understand most 

0 difficult words I come across. 2 3 4 5 6 7 

1 9. When I'm reading I stop once in a while and go 
over what I have read. 2 3 4 5 6 7 0 

20. I am certain I can understand well the books 

0 that I read. 2 3 4 5 6 7 

2 I . I decide how difficult my reading passage is 
and then adjust the speed of my reading 
accordingly. 2 3 4 5 6 7 0 

22. I stop once in a while and ask myself questions 

o4� to see how well I understand what I am reading. 2 3 4 5 6 7 

23 . I make an outline of what I am reading. 2 3 4 5 6 7 

0 
24. When I cannot read a word in the story, I skip 

it. 2 3 4 5 6 7 0 
25 .  When I get lost while readinfc, I go back to the 

point where I first had troub e. 1 2 3 4 5 6 7 0 
26. I feel confident that I can read anything that is 

given to me by my teacher. 2 3 4 5 6 7 0 
27. After I have been reading for a short time, the 

0 words stop making sense. 2 3 4 5 6 7 

28. I read critically or thoughtfully, that is while 
reading something, I judge what I am reading. 2 3 4 5 6 7 

0 
29. When I find I do not understand something 

while reading I read it again and try to figure 
it out. 2 3 4 5 6 7 054 
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SECTION 2 

In this section of the questionnaire there are 25 multiple choice questions. There are three parts to this 
section. I want you to think about what kinds of things you can do to help you understand a story before, 
during, and after you read it. 

Four statements are given for each question. Read each of the four statements and decide which one of 
them would help you the most. There are no right answers. It is just what you think would help the 
most. Put a circle around the letter in front of the BEST answer to the question. You are asked to 
choose only ONE answer for each question. Work as quickly and as carefully as you can. Answer every 
question even when you are not sure of your choice. Do not spend too much time on questions you fmd 
hard. 

Each of the questions in this section is set out like the example below. 
We will go over an example before you begin. 

EXAMPLE: (Circle the letter in front of the best answer) 

I should do my school homework 
A. Because my teacher will scold me if I don't. 
B.  Because it  will help me learn more about the subject. 
C. Because it helps me grow up. 
D. Because it will get me good marks. 

Please turn over the next page for section 2 



SECTION 2 STARTS HERE 

I. In each set of the four choose the one statement which tells a good thing to 
do to help you understand a story better before you read it. 

1 .  Before I begin reading, it's a good idea to: 
A. See how many pages are in the story. 

' 

B. Look up all of the big words in the dictionary 
C. Make some guesses about what I think will happen in the story. 
D. Think about what has happened so far in the story. 

2. Before I begin reading, it's a good idea to: 
A. Look at the pictures to see what the story is about. 
B .  Decide how long it will take m e  to read the story. 
C.  Sound out the words I don't know 
D. Check to see if the story is making sense. 

3 .  Before I begin reading, it's a good idea to: 
A. Ask someone to read the story to me. 
B .  Read the title to see what the story is  about. 
C. Check to see if most of the words have long or short vowels in them. 
D. Check to see if the pictures are in order and make sense. 

4. Before I begin reading, it's a good idea to: 
A. Check to see that no pages are missing. 
B. Make a list of the words I 'm not sure about. 
C.  Use the title and pictures to help me make guesses about what will happen in the story. 
D. Read the last sentence so I will know how the story ends. 

5 .  Before I begin reading, it's a good idea to: 
A. Decide on why I am going to read the story. 
B .  Use the difficult words to help me make guesses about what will happen in the story. 
C .  Reread some parts to see if  I can figure out what is  happening if  things aren't making sense. 
D. Ask for help with the difficult words. 

6. Before I begin reading, it's a good idea to: 
A. Retell all of the main points that have happened so far. 
B. Ask myself questions that I would like to have answered in the story. 
C .  Think about the meanings of the words which have more than one meaning. 
D. Look through the story to find all of the words with three or more syllables. 

7. Before I begin reading, it's a good idea to: 
A. Check to see if I have read this story before. 
B.  Use my questions and guesses as a reason for reading the story. 
C .  Make sure I can pronounce all of the words before I start. 
D. Think of a better title for the story. 

3 1 7  
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8. Before I begin reading, it's a good idea to: 
A. Think of what I already know about the things I see in the pictures. 
B. See how many pages are in the story. 
C. Choose the best part of the story to read again. 
D. Read the story aloud to someone. 

9. Before I begin reading, it's a good idea to: 
A. Practice reading the story aloud. 
B.  Retell all o f  the main points to make sure I can remember the story. 
C. Think of what the people in the story might be like. 
D. Decide if I have enough time to read the story. 

1 0. Before I begin reading, it's a good idea to: 
A. Check to see if I am understanding the story so far. 
B. Check to see if the words have more than one meaning. 
C. Think about where the story might be taking place. 
D. List all of the important details. 

IT. In each set of four, choose the one statement which tells a good thing 
to do to help you understand a story better while you are reading it. 

1 1 . While I ' m  reading, it's a good idea to: 
A. Read the story very slowly so that I will not miss any important parts. 
B.  Read the title t o  see what the story is about. 
C. Check to see if the pictures have anything missing. 
D. Check to see if the story is making sense by seeing if I can tell what's happened so far. 

1 2. While I 'm reading, it's a good idea to: 
A. Stop to retell the main points to see if I am understanding what has happened so far. 
B.  Read the story quickly so that I can find out what happened. 
C. Read only the beginning and the end of the story to find out what it is about. 
D. Skip the parts that are too difficult for me. 

1 3 .  While I ' m  reading, it's a good idea to: 
A. Look all of the big words up in the dictionary. 
B. Put the book away and find another one if things aren't making sense. 
C. Keep thinking about the title and the pictures to help me decide what is going to happen next. 
D. Keep track of how many pages I have left to read. 

14. While I'm reading, it's a good idea to: 
A. Keep track of how long it is taking me to read the story. 
B. Check to see if I can answer any of the questions I asked before I started reading. 
C. Read the title to see what the story is going to be about. 
D. Add the missing details to the pictures. 

office w 
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1 5 . While I'm reading, it's a good idea to: 
A. Have someone read the story aloud to me 
B. Keep track of how many pages I have read. 
C. List the story's main character. 
D. Check to see if my guesses are right or wrong. 

1 6. While I'm reading, it's a good idea to: 
A. Check to see that the characters are real. 
B.  Make a lot of guesses about what is going to happen next. 
C. Not look at the pictures because they might confuse me. 
D. Read the story aloud to someone. 

1 7 .  While I'm reading, it's a good idea to: 
A. Try to answer the questions I asked myself. 
B. Try not to confuse what I already know with what I'm reading about. 
C. Read the story silently. 
D. Check to see if I am saying the new vocabulary words correctly. 

1 8 . While I 'm reading, it's a good idea to: 
A. Try to see if my guesses are going to be right or wrong. 
B.  Reread to be sure I haven't m issed any of the words. 
C.  Decide on why I am reading the story. 
D. List what happened first, second, third, and so on. 

19 .  While I'm reading, it's a good idea to: 
A. See if I can recognize the new vocabulary words. 
B. Be careful not to skip any parts of the story. 
C.  Check to see how many of the words I already know. 
D. Keep thinking of what I already know about the things and ideas in the story to 

help me decide what is going to happen. 

20. While I 'm reading, it's a good idea to: 
A. Reread some parts or read ahead to see if I can figure out what is happening if things 

aren't making sense. 
B. Take my time reading so that I can be sure I understand what is happening. 
C. Change the ending so that it makes sense. 
D. Check to see if there are enough pictures to help make the story ideas clear. 

m. In each set of four, choose the one statement which tells a good 
thing to do to help you understand a story better after you have 
read it. 

2 1 .  After I 've read a story it's a good idea to: 
A. Count how many pages I read with no mistakes. 
B. Check to see if there were enough pictures to go with the story to make it interesting. 
C .  Check to see if I met my purpose for reading the story. 
D.  Underline the causes and effects. 

3 1 9  
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22. After I 've read a story it's a good idea to: 
A. Underl ine the main idea. 
B. ReteJI the main points of the whole story so that I can check to see if I understood it. 
C. Read the story again to be sure I said all of the words right. 
D. Practice reading the story aloud. 

23. After I've read a story it's a good idea to: 
A. Read the title and look over the story to see what it is about. 
B. Check to see if I skipped any of the vocabulary words. 
C. Think about what made me make good or bad predictions. 
D. Make a guess about what will happen next in the story. 

24. After I 've read a story it's a good idea to: 
A. Look up all of the big words in the dictionary. 
B. Read the best parts aloud. 
C. Have someone read the story aloud to me. 
D. Think about how the story was like things I already knew about before I started reading. 

25. After I 've read a story it's a good idea to: 
A. Think about how I would have acted if  I were the main character in the story. 
B.  Practice reading the story silently for practice of  good reading. 
C. Look over the story title and pictures to see what will happen. 
D. Make a list of the things I understood the most. 

office use 

D 

D 



SECTION 3 STARTS HERE 

Think of the reasons or causes why you might succeed in reading. The items below concern 
your opinions of these causes or reasons for your success in reading. Circle one number 
for each of the following scales. 

If you do well in reading, 

1 .  Are the cause(s) something that is: 
outside of you 1 2 3 4 5 6 7 inside of you 

2. Are the cause(s) something that: 
reflects an 1 2 3 4 5 6 7 reflects an 
aspect of aspect of 
yourself the situation 

3 .  Are the cause(s): 
controllable by 2 3 4 5 6 7 uncontrollable 
you or other by you or 
people other people 

4. Are the cause(s) something that is: 
permanent 1 2 3 4 5 6 7 temporary 

5. Are the cause(s) something: 
intended by you 1 2 3 4 5 6 7 not intended 
or other people by you or 

other people 

6. Are the cause(s) something that is: 
variable over 1 2 3 4 5 6 7 stable over 
time time 

7. Are the cause(s): 
something about 1 2 3 4 5 6 7 something 
you about others 

8. Are the cause(s) something that is: 
changeable 1 2 3 4 5 6 7 unchanging 

9. Are the cause(s) something for which: 
no one is 1 2 3 4 5 6 7 someone is 
responsible responsible 
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Think of the reasons or causes why you might do badly in reading. The items below concern 
your opinions of these causes or reasons for your poor performance in reading. Circle one 
number for each of the following scales. 

If you do badly in reading, 
office use 

I .  Are the cause(s) something that is: 
outside of you I 2 3 4 5 6 7 inside of you 

09 
2. Are the cause(s) something that: 
reflects an I 2 3 4 5 6 7 reflects an 
aspect of aspect of 0 yourself the situation 

3 .  Are the cause(s): 
controllable by I 2 3 4 5 6 7 uncontrollable 

0 you or other by you or 
people other people 

4. Are the cause(s) something that is: 
permanent I 2 3 4 5 6 7 temporary D 
5 .  Are the cause(s) something: 
intended by you I 2 3 4 5 6 7 not intended 
or other people by you or 

0,3 other people 

6. Are the cause(s) something that is: 
variable over I 2 3 4 5 6 7 stable over 
time time 

D 
7. Are the cause(s): 
something about 1 2 3 . 4 5 6 7 something 
you about others 0 
8. Are the cause(s) something that is: 
changeable 1 2 3 4 5 6 7 unchanging 

D 
9. Are the cause(s) something for which: 
no one is 1 2 3 4 5 6 7 someone is 

responsible responsible D., 

Note: 
Items 4, 7, 1 1 , 13, 15 ,  1 9, 2 1 ,  22, 25, 27, 28, and 29 in Section 1 measure metacognitive strategy use. 
Items 1 ,  2, 5, 6, 8, 1 0, 16, 17, 23, and 24 in Section 1 measure cognitive strategy use. 
Items 3,  9, 1 2, 14, 1 8, 20, and 26 in Section 1 measure self-efficacy. 



B.2 READING QUESTIONNAIRE 11 

Please answer the following before you begin the questionnaire. 

NAME: 

DATE OF BIRTH: 

SCHOOL: 

CLASS: 

MALE FEMALE (circle) 

Do you consider yourself: MAORI 'EUROPEAN POL YNESIAN 

ASIAN OTHER (circle) 

If you have circled OTHER, please specify: -----------

What is your first language: ----------

Introduction 

This questionnaire measures your confidence and knowledge for 

READING. The questionnaire is arranged in two separate sections, each 

with a different set of instructions. Be sure to read these instructions 

carefully. THERE ARE NO RIGHT OR WRONG ANSWERS TO TIDS 

QUESTIONNAIRE. 

Your data will be treated as confidential. Nobody will see your answers apart 

from the researcher. 
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SECTION 1 

Directions 

In this section we will be looking at how confident you feel in reading and understanding various 

things. Each item is followed by a rating scale. Circle one number on the scale that matches how 

confident you are in being able to successfully read and understand what the author is saying for 

each of the listed tasks. Remember that the higher the number the more sure you are, while the 

lower the number the less sure you are. Please be honest and mark how you really feel right now. 

There are no right or wrong answers. 

Let's try some practice questions first. The practice questions involve how confident you feel in 

jumping varying distances. Each item is followed by a rating scale with numbers ranging from 0 to 

1 00. Circle the number on the scale that matches how sure you are that you could jump the distance 

g1ven. 

DISTANCE JUMPING 

0.5 metres 

0 
no 
chance 

10 

1 .6 metres 

0 
no 
chance 

10 

2.4 metres 

0 
no 
chance 

10 

20 

20 

20 

30 40 50 

30 40 50 

30 40 50 

Now turn over to the next page and begin. 

60 70 80 

60 70 80 

60 70 80 

90 

90 

90 

100 
completely 

sure 

100 
completely 

sure 

100 
completely 

sure 

. I 



SECTION 1 STARTS HERE 

For each of the reading tasks circle � number on the scale that matches how confident 
you are in being able to successfully read and understand what the writer is saying. 
Remember that the higher the number the more sure you are while the lower the number 
the less sure you are. 

1 .  A letter from a classmate 

0 10 
no 
chance 

20 30 40 

2. A school library book chosen by you 

0 
no 
chance 

10 20 30 40 

50 60 

50 60 

3 .  A short fiction story written by a New Zealand writer 

0 10 
no 
chance 

4. A short play 

0 
no 
chance 

10 

20 

20 

5 .  A 1 50 page novel 

0 10 
no 
chance 

20 

30 40 50 

30 40 50 

30 40 50 

6. The encyclopedia (e.g., "The World Book") 

0 10 
no 
chance 

20 30 40 50 

60 

60 

60 

60 

70 80 

70 80 

70 80 

70 80 

70 80 

70 80 

90 100 
completely 

sure 

90 100 
completely 

sure 

90 100 
completely 

sure 

90 100 
completely 

sure 

90 100 
completely 

sure 

90 100 
completely 

sure 
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SECTION 2 STARTS HERE 

In this section of the questionnaire there are 20 multiple choice questions. You are asked to 
choose only ONE answer for each question. Put a circle around the letter in front of the 
BEST answer to the question. Answer every question even when you are not sure of your 
choice. 

1 .  What is the hardest part about reading for you? 
a Sounding out the hard words. 
b. When you don't understand the story. 
c. Nothing is hard about reading for you. 

2. The best way to help you become a better reader is 
a. having more people help you when you're reading. 
b. reading easier books with shorter words. 
c. checking to make sure you understand what you read. 

3.  What is special about the first sentence or two in a story? 
a. They always begin with "Once upon a time ... " 

b. The first sentences are the most interesting. 
c. They often tell what the story is about. 

4. How are the last sentences of a story special? 
a. They are the exciting, action sentences. 
b. They tell you what happened. 
c. They are harder to read. 

5 .  How can you tell which sentences are the most important ones in a story? 
a. They are the ones that tell the most about the characters and what happens. 
b. They're the most interesting ones. 
c. All of them are important. 

6. If you could only read some of the sentences in the story because you were in a hurry, 
which ones should you read? 

a. Read the sentences in the middle of the story. 
b. Read the sentences that tell you the most about the story. 
c.  Read the interesting, exciting sentences. 

7. When you tell other people about what you read, what should you tell them? 
a. What happened in the story. 
b. The number of pages in the book. 
c. Who the characters are. 

8. If the teacher told you to read a story to
. 
remember the general meaning, what would 

be the best thing to do? 
a. Skim through the story to find the main parts. 
b. Read all of the story and try to remember everything. 
c. Read the story and remember all of the words. 

office use 
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9. Before starting to read, what kinds of plans can you make to help you read better? 
a. You shouldn't make any plans. You should just start reading. 
b. You should choose a comfortable place. 
·c. You should think about why you are reaQ.ing. 

1 0. If you had to read very fast and could only read some words, which ones should you 
try to read? 

a. Read the new vocabulary words because they are important. 
b. Read the words that you could pronounce. 

c. Read the words that tell the most about the story. 

1 1 . What things can be read faster than others? 
a. Books that are easy to read. 
b. When you've read the story before. 
c. Books that have a lot of pictures. 

1 2. Why do you go back and read things over again? 
a Because it is good practice. 
b. Because you didn't understand it. 
c. Because you forgot some words. 

1 3 .  What is the best thing to do if you come to a word and you don't know what it means? 
a Use the words around it to figure it out. 
b. Ask someone else. 
c. Go on to the next word. 

14.  What is the best thing to do if you don't know what a whole sentence means? 
a. Read it again. 
b. Sound out all of the words. 
c. Think about the other sentences in the paragraph. 

1 5 .  What parts of the story can be skipped as you are reading? 
a. The hard words and parts you don't understand. 
b. The unimportant parts that don't mean anything for the story. 
c. Should not skip anything. 

16 .  If you are reading a story for fun, what should you do? 
a Look at the pictures to get the meaning. 
b.  Read the story as fast as you can. 
c. Imagine the story like a movie in your mind. 
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1 7. If you are reading for science or social studies, what is the best thing to do if you 
want to remember the information? 

a. Ask yourself questions about the important ideas. 
b. Skip the parts you don't understand. 
c. Concentrate and try hard to remember it. 

1 8. If you are reading for a test, which would help you the most? 
a. Read the story as many times as possible. 
b. Talk about it with somebody to make sure you understand it. 
c. Say the sentences over and over. 

19. If you are reading a library book to write a book report, which would help you the 
most? 

a. Sound out words you don't know. 
b. Write it down in your own words. 
c. Skip the parts you don't understand. 

20. Which of these is the best way to remember a story? 
a. Say every word over and over. 
b. Think about remembering it 
c. Write it down in your own words. 

office use 
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B.3 TARSUM: MEASURES, SCORING PROCEDURES, AND 
DEFINITIONS OF STRATEGIES 

\ 
B3.1 PASSAGES 

*THE VOLCANO - VERSION 1 

The scientists approached the crater's edge fascinated at the prospect of recording the 
spectacle of an inactive volcano smouldering again. Intent on their photography, they ignored 
an ominous rumbling.· Within seconds, the subterranean cauldron exploded violently ejecting 
a great quantity of rocks.· Fortunately these fell the in direction of the opposite slope. 

Greatly alarmed by this premature explosion, the group hastily began the descent. 
Immediately, fiery boulders from a gigantic avalanche hurtled around.· A ware that their 
apparatus hindered progress, they abandoned all equipment except their precious cameras. 
Then came an urgsy moment.· As they were evading flying fragments, one of them was 
struck off-balance by a rebounding boulder. A lengthy halt would have been disastrous." 
Everyone was, therefore, very relieved when they found the injuries were superficial. They 
resumed their dangerous scramble to regain safety just before the surroundings were 
destroyed. The scientists were pleased that they did not leave any of their equipment behind.· 

When they finally reached the bottom of the volcano, the scientists hurried towards their cabin 
which nearby was.· One of the young scientists was very seriously injured and was screaming 
because of the pain. Luckily, there was an ikran waiting near their cabin and the young 
scientist was whisked away quickly to hospital.·  

THE VOLCANO- VERSION 2 

The scientists moved towards the crater's edge interested at the chance of recording the event 
of an inactive volcano burning quietly again. They were so interested in their photography 
that they ignored the rumbling sound of the volcano. Within seconds, the "underground 
boiling pot" exploded throwing out a great number of rocks. Luckily, these fell the in 
direction of the opposite slope. 

Greatly frightened by this early explosion, the group quickly began to climb downwards. 
Immediately, burning rocks from a big landslide hurtled around. Aware that carrying their 
tools was slowing them down, they threw away all their tools except their cameras. Then 
came an urgsy moment. As they were avoiding the flying pieces of rock, one of them was 
struck off-balance by a rebounding rock. A long stop would have been dangerous. Everyone 
was, therefore, greatly relieved when they found the injuries were not very serious. They 
carried on their dangerous climb down the volcano to regain safety j ust before the place 
around them was destroyed. The scientists were pleased that they did not leave any of their 
tools behind. 

When they finally reached the bottom of the volcano, the scientists ran towards their cabin 
which nearby was. One of the young scientists was very seriously hurt and was screaming 
because of the pain. Luckily, there was an ikran waiting near their cabin and the young 
scientist was rushed to the hospital. 
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THE VOLCANO- VERSION 3 

The men moved towards the crater's edge happy at the chance of studying the inactive 
volcano burning quietly again. They came to take photographs and to record what was 
happening at the volcano. They were so interested in their photography that they ignored the 
rumbling sound of the volcano. Soon, the "underground boiling pot" exploded throwing out 
a large number of rocks. Luckily, these fell the in direction of the opposite slope. 

Very frightened by this early explosion, the group quickly began to climb down the volcano. 
At once, burning rocks from a big landslide flew around them. They knew that carrying their 
tools was slowing them down. So they threw away all their tools except their cameras. Then 
came an urgsy moment. As they were avoiding the flying pieces of rock, one of them was 
hit by a rebounding rock. A long stop would have been dangerous. Everyone was very 
relieved when they found that no one was very badly hurt. They carried on climbing down 
the volcano to safety just before the place around them was destroyed. The men were happy 
that they did not leave any of their tools behind. 

When they reached the bottom of the volcano, the men ran towards their cabin which close by 
was. One of the men was very badly hurt and was screaming because of the pain. Luckily, 
there was an ikran waiting near their cabin and he was rushed to the hospital. 

Note: 
Notations that were used by the interviewer to record oral reading behaviours: 
se - self-corrected successfully 
su - self-corrected unsuccessfully 
x - made an error without correcting 
b - bleeped 



B.3.2 INTERVIEW CODING FORM 

Name: School: 
---------------------

VOLCANO 

1 a. Look at this page. What do you 
think the story will be about? 

( 1  mark) 

b. How did you know this? 

Answer (Ans): The volcano ( l )  

2/1 a. What do you think will happen 
next? ( 1  mark) 

b. Why do you think that? 

Ans: The volcano is likely to explode ( l )  
(rumbling sound -warning sign) 

2/2a. What had the scientists (men) come to do 
at the volcano? (2 marks) 

b. How could you tell? 

Ans: To record/study/explore the activity of the volcano ( I )  
and To photograph the volcano (1)  

Strategies 

Scans text 

Looks at title 

Uses picture 

Refers to prior 
knowledge 

Main idea or topic 
sentence 

Other 

Strategies 

Predicts based on 
prior knowledge 

Predicts based on 
text cues 

Rereads 

Other 

Strategies 

Predicts based on 
prior knowledge 

Predicts based on 
text cues 

Rereads 

Other 

Observed 

Observed 

Observed 

33 1 

Notes 

Notes 

Notes 
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3a. What do you think "subterranean 
cauldron" (underground boiling pot) 
refers to in the sentence you've read? 
(1 mark) 

b. How could you tell? 
(How did you go about trying to get 

your answer?) 

Ans: refers to the volcano ( 1 )  
refers to larva/boiling liquid ( 1/2) 

4/1 .  What are you thinking here? 
(Why did you bleep?) 

corrected it? yes/no 

4/2a. Where were the scientists (men) when the 
volcano exploded? ( 1  mark) 

b. How could you tell? 

Ans: Near the crater's edge/ near top of volcano ( 1 }  

4/3a Why wasn't the first explosion so dangerous for 
the climbers? (1 mark) 

b. How did you get your answer? 

Ans: The rocks fell on the opposite slope ( 1 )  

Strategies Observed 
Monitors understanding __ _ 

Uses context cues 

Substitution looks 
or sounds similar 

Mentions others as 
resources 

Mentions dictionary 
as resource 

Other 

Strategies 

Monitors/indicates 
scrambled words 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text 

Rereads 

Other 

Strategies 

Predicts based on 
text/context cues 

Rereads 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text 

Other 

Strategies 
Rereads 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text 

Predicts based on 
text/context cues 

Other 

Notes 

Notes 

Notes 

Notes 



5/1 a. What are you thinking here? 

(Why did you bleep?) 

5/2a. Is there such a word (urgsy)? 
(yes/no) 

What do you think "urgsy" means? (1 mark) 

b. How could you tell? 
(How did you go about looking for the answer?) 

Ans: anxious/fearful/troubled ( 1 )  

6/1 a. What do you think "rebounding 

boulder (rock)" means? ( 1  mark) 

b. How could you tell? 

Ans: A boulder/rock that had bounced off the wall ( 1) 

Strategies 
Monitors word 
(urgsy) 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text/word 

Rereads 

Other 

Strategies Observed 
Monitors understanding __ _ 

Evaluates i.e. makes 

a judgmental statement 
about text 

Uses context cues 

Mentions others 'as 
resources 

Mentions dictionary 
as resource 

Other 

Strategies 
Infers based on 
prior knowledge 

Rereads 

Uses context cues 

Monitors 
understanding 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text 

Substitution looks 
or sounds similar 

Mentions others as 
resources 

Mentions dictionary 
as resource 

Other 
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6/2a. What accident occurred while they were 
climbing down? ( 1  mark) 

b. How could you tell? 
(How did you about looking for the answer?) 

Ans: One of the scientists (men) was struck off-balance 
by a rebounding rock (1)  

7.  What are you thinking here? (Why did you 
bleep?) 
(If no answer) Do you agree with the sentence? 

8. What are you thinking here? 
(Why did you bleep?) 

corrected it? yes/no 

9/1 . What are you thinking here? 
(Why did you bleep?) 

Strategies 
Scans text 

Rereads 

Infers based on 
text clues 

Other 

Observed 

Strategies Observed 
Monitors/ Indicates 
inconsistency in text 

Evaluates i.e. makes 
a judgmental statement 
about text 

Rereads 

Other 

Strategies 

Monitors/ Indicates 
scrambled words 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text 

Rereads 

Other 

Strategies 
Monitors/Indicates 
inconsistency in text 

MonitorS 
the word ikran 
(nonsense word) 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text 

Rereads 

Other 

Notes 

Notes 

Notes 

Notes 



9/2a. What do you think is another word for 
" ikran"? 
or What do you think "ikran" may mean? 

(1  mark) 

b. How could you tell? 
(How did you go about trying to find the 

answer?) 

Ans: ambulance ( I )  

1 Oa. If you wanted to tell your friends 
about this story, what would you 
tell them? (4 marks) 

b. How did you decide what things to 
tell them? 

Ans: scientists (men) came to explore volcano ( 1 )  

ignored warning sign/ volcano exploded an d  group 
hurried down ( 1 )  

threw away tools except cameras to speed up descent ( I )  

Q[ 
one of scientists was struck off-balance ( I )  

hurried down to safety where injured m an  was 
sent to hospital ( I )  

Strategies 

Monitors the 
word ikran 

Evaluates i.e. makes 

Observed 

a judgmental statement 
about text/word 

Rereads 

Infers based on 
text/context clues 

Substitution looks 
or sounds similar 

Mentions others as 

resources 

Mentions dictionary 
as resource 

Other 

Strategies Observed 

Retells mostly main 

ideas or summarizes 

Organizes ideas in 
recall 

Expresses opinions 
or reactions 

Relates to personal 
experiences 

Plans summary 

Other 
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Notes 

LISTED MAIN POINTS IN AN ORGANIZED 
MANNER (YES/NO) 

Planning strategy: __ _ 
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1 1  a.  Which paragraph did you think was hardest to 
read for you? 

Paragraph __ _ 

b. How did you decide which was the hardest? 

1 2. Which of these questions do you think you 
answered correctly? (please tick) 

_ a. What do you think the story will be about? 

_ b. What do you think will happen next? 

_ c. What had the scientists (men) come to do at 
the volcano? 

_ d. What do you think subterranean cauldron 
(underground boiling pot) refers to? 

_ e. Where were the scientists (men) when the 
volcano exploded? 

_ f. Why wasn't the first explosion so dangerous 
for the climbers? 

_ g. What do you think "urgsy" means? 

_ h. What do you think "rebounding boulder 
(rock)" means? 

_ i. What accident occurred while they were 
climbing down? 

_ j . What do think is another word for "ikran"? 

_ k. If you wanted to tell your friends about this 

Strategies 

Rereads 

Infers based on . 
difficulty of 
understanding 

Infers based on 
difficulty of 
pronouncmg 
words 

Other 

Observed Notes 

(CORRESPONDENCE OF PARAGRAPH 
DIFFICULTY WITH STUDENT'S ACCURACY 
SCORE OF PARAGRAPH: YES/NO) 

Evaluation strategy: 

Strategy 

(CORRESPONDENCE OF STIJDENT'S 
EVALUATION OF EACH QUESTION WITH 
COMPREHENSION SCORE OF EACH 
QUESTION: OF THE 1 1  QUESTIONS) 

Evaluation strategy: 



B.3.3 SCORING PROCEDURES FOR METACOGNITIVE STRATEGIES 

Table Bl. Scoring of m eta cognitive strategies used in T ARSUM 

Questions Type of strategy 

4. 1 monitoring - scrambled words 

5 . 1  monitoring - nonsense word 

7 monitoring - inconsistency 

8 monitoring - scrambled words 

9 . 1 ,  9/2a monitoring - inconsistency 

monitoring - nonsense word 

1 0  planning - summary 

1 1  evaluation - paragraph difficulty 

12 evaluation - comprehension 

Score 

2 - monitors and corrects 
l - monitors only 
0 - doesn't monitor 

2 - monitors without prompting 

l - monitors with prompting 
0 - doesn't monitor 

2 - monitors and corrects without 
being prompted 

l - monitors only without being 
prompted but cannot correct, 
or monitors and corrects after 
being prompted 

0 - doesn't monitor 

2 - monitors and corrects 
l - monitors only 
0 - doesn't monitor 

2 - monitors and corrects 
0 - doesn't monitor 

· 2 - monitors 
0 - doesn't monitor 

l for organized main points 
0 for no planning 

l for match between subj ective 
and objective evaluation 

1 for each correct evaluation 
(maximum score = 1 1 ) 
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B3.4 DEFINITIONS OF STRATEGIES MEASURED IN THE TARSUM 

Table B2. Definition of cognitive and metacognitive strategies used in the T ARSUM 

Type of strategy 

Cognitive strategies 
Scans text 

Main ideasffopic sentence 

Rereading 

Refers to prior knowledge 

Predicting based on prior 
knowledge 

Predicting based on 
text/context cues 

Substitution looks or 
sounds similar 

Summarizing 

Organizes ideas 

Infers based on 
context clues 

Mentions dictionary 
or others as resources 

Substitution looks or 
sounds similar 

Metacognitive strategies 
Monitoring understanding 

Evaluating 

Planning 

Definition 

Students states that he looked at the text, looks forward. 

Subjects mention the thematic ideas (or the important information) of the story 
rather than the details (or less important information). Topic sentence usually 
refers to the first sentence of the paragraph which contains the main theme. 

Subjects return to the text to read again orally or may state they are rereading. 

Subjects identify personally with characters in the story or add information 
related to text based on content area knowledge, or personal 
experience/knowledge. 

Subjects anticipate happenings by using information related to text based on 
content area knowledge or personal experience/knowledge. 

Subjects interpret the text based on information contained within the text or 
uses context to figure out something. 

Uses word attack skills (e.g., prefixes and suffixes) or finds meaning based on 
a word they think is or sounds similar. 

Subjects summarize the text, using their own words. 

States ideas in a logical order. 

Subjects interpret the text based on information contained within the text or uses 
context to figure out something. 

Finds meaning from dictionary or other people 

Uses word attack skills (e.g., prefixes and suffixes) or finds meaning based on 
a word they think is or sounds similar. 

Subjects state failure to understand the meaning of a clause, sentence, word or 
the story. Subjects may say something to indicate that they are struggling to 
understand word or sentence. 

Subjects make a judgmental statement about information in the text or subjects 
comment upon the author's arrangement of the story or analyze its content. 

Subjects sets goals, skims a text before reading, or does a task analysis. 
Alternatively, subject presents key information in an organized manner 
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APPENDIX C 

Pereira-Laird, J. A., & Deane, F. P. (1995). Validation of a reading self-efficacy scale 
for adolescents. Manuscript submitted for publication. 

ABSTRACT 

Theory development in the area of reading self-efficacy has been impeded by a lack of psychometrically sound 
instruments to measure reading self-efficacy. Two studies were designed to remedy this deficiency by 

developing a reading self-efficacy measure with adequate psychometric properties. The current study describes 
the development and preliminary validation ofthe task specific measure of reading self-efficacy (lRSE). In the 
pilot study a preliminary version of the 1RSE scale consisting of 28 items was administered to a sample of 28 
adolescents. Following analyses, a final version of 6 items was generated which showed acceptable internal 

consistency. In general, the 1RSE scale correlated as expected with criterion measures. In the second study, 
confirmatory factor analyses with an independent sample of 1 39 students confirmed the unidimensional nature 
of the 1RSE. Convergent validity was supported by its modest correlation with a general measure of reading 
self-efficacy (GRSE). Confrrmatory factor analysis of the 1RSE and GRSE items led to the interpretation of 

a two-factor solution, providing empirical validity for a task specific reading self-efficacy scale and a general 

reading self-efficacy scale. Confrrmation of several predicted conceptual relationships between the 1RSE and 

other reading related factors (i.e., achievement, metacognitive knowledge, anxiety, and perceived value) provided 

evidence of construct validity. The TRSE appears useful for educational and research purposes with adolescent 
children. Limitations and suggestions for further research are discussed. 

Self-efficacy is considered to be one mechanism of cognitive self-evaluation that mediates 
skilled performance (Bandura, 1 982, 1 986). Perceived self-efficacy is defined as the self
perceptions of one's skills and competence to perform the behaviours required to obtain 
desired outcomes (Bandura, 1986; Schunk, 1 987, 1 989a). Bandura and his associates 
(Ban dura, 1 977; Ban dura & Schunk, 1 98 1 )  maintain that strong perceptions of self-efficacy 
are based upon the gradual acquisition of social, linguistic, cognitive, and physical skills 
through personal or socially mediated experiences. The impact of these mediated experiences 
on self-efficacy is dependent on how they are cognitively appraised. 

It has been argued that an individual's  efficacy mediates the influence of determinants like 
gender, prior experience, anxiety, self-concept, and attributions on subsequent performance 
and is the stronger predictor of that performance when those determinants are controlled 
(Bandura, 1 986; Hackett & Betz, 1 989; Pajares & Miller, 1 994). Self-efficacy enhances or 
impairs performance through cognitive, affective, or motivational mediating processes that 
contribute to the prediction of future behaviour (Bandura & Schunk, 1 98 1 ;  Graham & Golan, 
1991) .  In this vein, Bandura stresses that self-efficacy assessments are "not simply inert 
predictors of future behaviour" in that people with efficacious self-beliefs "make things 
happen" ( 1 989a, p. 73 1 ) .  

Although it has been established that self-efficacy i s  a strong predictor o f  behaviour (Bandura, 
1 986), research on the relationship between self-efficacy and academic performance is still 
limited (Bouffard-Bouchard, 1 990). A strong sense of competence facilitates cognitive 
processes and academic performance. For instance, expectations of self-efficacy determines 
whether a person will attempt a given task, how much effort will be expended, and how much 
persistence will be displayed on pursuing the task in the face of difficulties. Thus, self
efficacy levels can enhance or impede the motivation to act. 
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Empirical research has demonstrated moderate predictive correlations of self-efficacy and 
academic performance (Bandura & SchWlk, 1 98 1 ;  SchWlk & Gunn, 1 986). There has been 
considerably more research on self-efficacy in the area of mathematics (e.g., Hackett & Betz, 
1 989; Pajares & Miller, 1 994; Randhawa, Beamer, & Lundberg, 1993; Schunk, 1 984, 1 989; 
Schunk & Gunn, 1 986; Seegers & Boekaerts, 1 993) but relatively little in the domain of 
reading. It is important to study efficacy within domains, since self-efficacy has been basically 
conceptualized as a situation specific belief (Sherer, Maddux, Mercandante, Prentice-Duim, 
Jacobs, & Rogers, 1 982), and students' perceptions of self-efficacy can vary across domains 
(Bandura, Adarns, Hardy, & Howells, 1 980). 

As a complex cognitive task, reading should be affected by the self-efficacy mechanism 
proposed by Bandura ( 1 986). The paucity of research in perceived self-efficacy for reading 
(Cohen, McDonell & Osbom, 1 989), is surprising considering that the construct is intimately 
tied to reading achievement (Henk & Melnick, 1 992). 

The valid interpretation of self-efficacy in reading or achievement research requires the use 
of reliable and valid instruments. A review of the literature on reading revealed that there are 
few instruments developed to measure reading efficacy, with valid and reliable measures being 
sparse (Henk & Melnick, 1 992). In fact, many current self-perception theorists often employ 
measures of self-concept instead of efficacy to predict performances across situations (e.g., 
Chapman & Tunmer, 1 995). Bandura ( 1 986) argued that self-efficacy and self-concept 
represent different phenomena. Furthermore, self-concept is not measured at the same level 
of specificity as efficacy (Pajares & Miller, 1 994). 

Self-efficacy is usually measured by asking subjects to judge their capability of succeeding 
at specific target tasks within the domain or subdomain being tested (cf. Berry, West, & 
Dennehey, 1 989; Schunk & Gunn, 1 986). Students may, for example, be asked to judge their 
capability in solving a series of multiplication problems which they are shown briefly or to 
assess their likely level of remembering in a series of memory task situations. 

Four different methodologies for obtaining reading or verbal self-efficacy can be found in the 
literature. Most existing measures of efficacy tend to measure achievement globally (Horn, 
Bruning, Schraw, Curry, & Katkanant, 1993; Pintrich, Anderman, & Klobucar, 1 994; Pintrich 
& De Groot, 1 990). Unfortunately, such global measures are only modestly correlated and 
impair the ability to understand and predict behaviour in particular situations by not taking 
into account the complexity and variation of self-efficacy perceptions (Bandura, 1 986). In 
addition, although a number of these global measures purport to measure efficacy, they focus 
more on motivational/effort variables than actual feelings and beliefs regarding personal 
competence (e.g., Sherer et al., 1 982). 

A second methodology used in the investigation of reading or verbal efficacy has involved 
specific words in which individuals state how well they can read or define particular words 
(Marsh, Walker, & Debus, 1 99 1 ;  Zimmerman & Martinez-Pons, 1 990). As reading requires 
the integration and application of multiple subskills (Paris & Oka, 1 986), a measure of 
efficacy involving words only presents a rather limited view of reading efficacy. 

A third methodology involves measuring antecedent factors related to efficacy. Recently, 
Henk and Melnick ( 1 992, 1 995) formulated the reading self-perception scale in an attempt to 
measure efficacy perceptions in the domain of reading. However, the items included in the 
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scale represented a measure of perceived sources of reading self-efficacy information. Henk 
& Melnick included items from four major categorical sources of information thought to be 
related to reader self-efficacy. These included performance, observational comparison, social 
feedback, and physiological states. Although these categorical sources provide the basis for 
the formation of efficacy, they do not provide a direct indication of a person's sense of 
efficacy. It can be argued that these items measure characteristics that are related to personal 
efficacy, but are not synonymous with efficacy (cf. Lent, Lopez, & Bieschke, 1 991 ). 

Another group of measures involves measuring confidence in specific reading tasks (Shell, 
Murphy, & Bruning, 1 989; Seegers & Boekaerts, 1 993) or in the general domain of reading 
(Cohen et al., 1 989; McMillan, Simonetta, & Singh, 1 994). However, most ofthese measures 
include items which measure the construct marginally at best (Bandura, 1 989b; Cohen et al., 
1 989; Gordon, 1990; Seegers and Boekaerts, 1993). For example, Seegers and Boekaerts 
( 1 993) developed a three item scale to measure efficacy for three topics in the reading 
curricula. Similarly, Bandura (1 989b) in his academic self-efficacy scale had only one item 
assessing reading and writing language skills. Such circumscribed measures of reading may 
yield a curtailed distribution of scores which would in turn lower the magnitude of correlation 
between efficacy and performance. 

An expanded efficacy assessment in which individuals judge the strength of their efficacy to 
fulfil gradations of reading task demands would be more sensitive to the variation in 
perceived reading self-efficacy in any given sample than assessment of personal efficacy at 
a single level of task difficulty (Bandura, 1 989a). Such an expanded assessment of efficacy 
is provided by Shell et al. ( 1 989). They developed a scale for reading self-efficacy which 
adequately measures the domain of reading and has good psychometric properties. However, 
this scale was developed to measure efficacy of undergraduate university students. 

The present study focused on the development of a measure of reading self-efficacy for a 
number of reasons. The primary rationale for developing such a scale was to provide a 
research tool to assist in studying the relationship between efficacy and reading achievement. 
Systematic theory development in this particular area has been impeded by a lack of reliable 
and valid instruments to measure reading self-efficacy. Furthermore, another major problem 
with most of the existing efficacy measures is that few have been normed in anything 
resembling a systematic, empirical fashion. A variety of measures have been used to measure 
reading self-efficacy, but they lack adequate psychometric properties, or are too global in 
nature. 

· Second, construction of the reading self-efficacy scale was further prompted by the fact that 
there are no such measures that are normed with New Zealand (NZ) children and that a 
measure of self-efficacy for a variety of reading tasks are nonexistent for preadolescent and 
adolescent children. Existing measures have been constructed for American children who 
probably have a different reading curriculum from NZ children (e.g., McMillan et al. ,  1 994; 
Seegers & Boekaerts, 1 993; Shell et al., 1 989). 

Third, since students enter school with differing levels of reading self-efficacy, they are 
differentially influenced by reading instruction and remediation. Hence, a reading specific self
efficacy scale might enable teachers to tailor the course and style of instruction to the 
student' s  needs. The scale might also provide a useful index of progress in intervention since 
expectations of efficacy should change during intervention. 
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Finally, the methodology of self-efficacy has a number of advantages (Berry et al., 1 989). In 
obtaining confidence ratings, individual variability and age differences in confidence can be 
examined. Reading performance predictions are made on a task-by-task basis so that 
predictions correspond directly to performance tasks. The examination of efficacy on a variety 
of reading tasks provides data on the extent to which reading self-evaluation varies across 
specific tasks. 

In the present study, attempts were made to establish construct validity of the developed scale. 
Self-efficacy ratings can be validated by correlating the ratings with performance, 
metacognitive knowledge, motivational beliefs, and persistence or effort. Numerous studies 
have shown that students with a high sense of academic efficacy display greater persistence, 
effort, and intrinsic interest in their academic learning and performance (Schunk, 1 984, 1989, 
1 99 1 ), show less anxiety (Hackett, 1 985), and are more knowledgable about reading (Paris 
& Oka, 1 986). Research has also indicated that self-perceptions of reading ability are 
significantly correlated to reading grades and reading achievement (Paris & Oka, 1986). In 
addition, the literature on gender differences has indicated that girls often surpass boys in their 
verbal efficacy and verbal achievement (e.g., Maccoby & Jaclin, 1 974). 

In summary, this article describes the development of the Task Specific Reading Self-efficacy 
scale (TRSE). Two studies using different samples provide data on the psychometric 
properties of the TRSE. The development of the scale is reported in detail in the pilot study. 
The second study provides further validation data for the TRSE scale. 

STUDY 1 - PILOT STUDY: SCALE DEVELOPMENT 

The pilot study was designed to construct the TRSE and to determine its reliability. In 
addition, construct and discriminant validity were evaluated through correlations with several 
achievement measures, and assessment of group difference in efficacy between good and poor 
readers. 

METHOD 

Subjects 

Parent and child permission were obtained for children to participate in an investigation of 
the psychometric properties of the TRSE. Twenty eight students enrolled in Form 1 - Form 
3 Gunior-high) classes in 2 schools at Palmerston North (New Zealand) constituted the 
sample. Subjects ( 1 1 M, 1 7  F), aged 1 1 - 13  years (M = 12. 10  years, SD = 0.81) were 
predominantly of European descent and from middle-class families. They were chosen by 
teachers who classified them as good (n =18) or poor readers (n=10) based on their classroom 
performance. 

Measures 

Progressive Achievement Tests 

Students' reading achievement was assessed using two reading tests from the Progressive 
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Achievement Test Series (PAT). The PATs were Reading Comprehension and Reading 
Vocabulary (Reid & Elley, 1991) .  Mathematics achievement was assessed using. the PAT 
Mathematics test (Reid, 1 993). These tests are group administered, NZ normed, paper-and
pencil scales, administered by the majority of NZ primary and intermediate schools a't the 
beginning of each school year (Beck & St. George, 1983). Their split-half reliability 
coefficients are above .85 and the tests are described as having medium to high validity in NZ 
(Reid, 1 993; Reid & Elley, 199 1 ). 

Procedure 

Development of the TRSE 

The TRSE was constructed for use in a larger study (Pereira-Laird, 1 994) to tap students' 
efficacy on a variety of reading tasks employed in school. It was developed on the basis of 
methods outlined by Bandura ( 1982, 1 986) and Schunk ( 1 984). Following Bandura's ( 1 986) 
recommendation that level of task be varied when self-efficacy is being assessed, the scale 
was composed of items that varied in difficulty. This also enabled one to discriminate varying 
perceptions of efficacy by low and high achieving readers. 

The particular reading tasks were generated on the basis of data obtained from four different 
sources. First, items from Shell et al. ' s  ( 1989) reading self-efficacy scale that were considered 
developmentally appropriate for junior high students were included. Second, items were also 
generated from pilot interviews with junior high school children by asking them what reading 
materials they read often. The most frequently identified items from the respondents were 
retained. Third, following the item selection method of Meier, McCarthy, & Schmek ( 1 984), 
information obtained from the reading course objectives of intermediate school children was 
used to guide the construction of the items. Fourth, item selection was also made in 
consultation with reading specialists and teachers of junior high (intermediate aged) school 
children. A major criterion for inclusion of an item in the TRSE was that the reading-related 
activity referred to was relevant for young adolescent children with varying reading abilities. 
Unlike the scale developed by Shell et al. (1 989), the items were deliberately designed to be 
simple and easy to read, so as to be developmentally appropriate for junior high students 
across a wide intellectual ability range. A pool of 28 items relating to individuals' generalized 
expectancies concerning their efficacy in performing a variety of reading tasks were generated. 
Using similar procedures to McMillan et. al. ( 1994), the items were reviewed by three 
principals of intermediate schools for clarity, content validity, and face validity. All items with 
retained apart from minor modifications in the wording of the items. The TRSE items are 
provided in Table 1 .  

The initial version of the TRSE was administered to a sample of 28 children by the 
researcher. After reading the instructions aloud,_ students were familiarized with the question 
format. Efficacy was measured on a scale that ranged from zero (no chance) to 1 00 (complete 
certainty) in 10-unit intervals. Children initially received practice by judging their certainty 
of successfully jumping progressively longer distances. In this explicit manner, students 
learned the meaning of the scale's direction and the different numerical values. 

Subjects were asked to rate their confidence in being able to read and understand what the 
author was saying for twenty eight different reading tasks. Self-efficacy scores were 



344 

computed by calculating the mean for the items. After completion of the questionnaire, 
subjects were asked to give their comments on the different items, particularly those that they 
did not understand or were ambiguous for them. The researcher noted items that required 
frequent clarification for children to understand. 

RESULTS 

Table 1. Items of the task specific reading self-efficacy instrument 

Item description 

I .  A letter from a classmate 
2. A comic book 
3 .  Your school's newsletter or a class magazine 
4. A letter from an uncle or aunt addressed to you 
5 .  A short fiction story written by a New Zealand writer 
6. A magazine such as the "RTR Countdown" 
7. The TV guide 
8. A selection of poems given in class 
9. The daily newspaper 

I 0. All articles in a magazine such as "The Listener 
1 1 . A 1 50 page novel 
1 2. A short play 
1 3. Your English class assignments/work and projects 
14. The questions on your class test 
1 5. The encyclopedia (e.g., "The World Book") 
1 6. An instruction manual for operating a ghetto blaster 
1 7. A recipe for cooking a meal 
1 8. A reading passage in your test or exam 
1 9. A dictionary 
20. A telephone book 
2 1 .  The School Journal 
22. A play by Shakespeare like "Romeo and Juliet" 
23. A school library book chosen by you 
24. A book on the life of someone famous 
25. A non-fiction book on people or places in NZ 
26. An article in a magazine called "Shakedown" 
27. A non-fiction book on a topic that interests you 
28. A book on New Zealand issues, e.g., "The Treaty _ of Waitangi" 

One goal of this study was to reduce the item pool since we had specific goals for the TRSE. 
We wanted a restricted pool of items because the ultimate measure was to be used in 
conjunction with other measures in a larger study for research purposes. A scale with a 
relatively small number of items was considered necessary because of the time constraints. 
Furthermore, brevity was desirable to allow students to complete the measure quickly. 

In order to distinguish meaningful items, the initial data-analytic strategy consisted of 
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identifying those individual items that correlated highly and positively with reading 
achievement measures. Items which had the highest positive correlations with both the PAT 
Reading Comprehension and Vocabulary measures were retained since self-efficacy theory 
suggests that efficacy for reading is related to reading achievement. 

As a result items I ,  3,  5, 9, 10, 1 1 , 12, 1 5, 1 9, 21 ,  22, 23, and 25 were retained for further 
analyses. The correlations between these items and the reading achievement measures were 
generally low and statistically nonsignificant since the sample size was small. Correlations 
ranged from . 1 5  to .46 for the comprehension measure and from .20 to .62 for the vocabulary 
measure. On the basis of univariate statistics and feedback following administration, items 
were eliminated if they required frequent clarification from the students, or had a restricted 
response range. The result of this process was a 9 item scale: items 1 ,  3, 5, 9, 1 1 , 1 2, 15 ,  23, 
and 25. 

An exploratory analysis was conducted with the resulting list of items. This involved 
combining the 9 items in different groupings to yield 6 - 9 item scales. It was thought a 
minimum of 6 items was required to be sufficiently comprehensive. Items 1 ,  1 1 , 1 2, and 1 5  
were always retained in every combination as these items had the highest correlations with 
PAT Reading Comprehension. 

For each combination, a mean efficacy score was calculated by summing the scores of the 
items and dividing it by the number of items in that combination. Reliability estimates, and 
construct and discriminant validity were obtained for each of the combinations. Construct 
validity was assessed by correlating the scales with PAT Reading Comprehension, 
Vocabulary, and Mathematics measures. Discriminant validity was assessed by performing t
tests for efficacy between good and poor readers. Combinations which yielded high reliability 
estimates and good discriminant and construct validity were retained for further analyses. 
More specifically, a scale was chosen if it met the following criteria: (a) it contained both 
easy and difficult reading tasks, (b) it had a high internal consistency estimate of at least . 80, 
(c) it had statistically significant correlations with PAT Reading Comprehension and PAT 
Vocabulary measures, . (d) it had a statistically nonsignificant correlation with PAT 
Mathematics, and (e) there was a statistically significant difference in the efficacy scores 
between good and poor readers. 

Results indicated that combinations of 8 and 9 item scales did not meet all five criteria Only 
two of the 7-item and one of the 6 item combinations met all five criteria. The three resulting 
combinations were judged by a sample of 4 reading specialists as to their viability and 
comprehensiveness as a measure of self-efficacy for young adolescent children. Two of the 
combinations were eliminated as they had an item which would not be applicable to all 
schools (e.g., school newsletter), resulting in the 6-item scale being chosen. 

Reliability assessed with Cronbach's alpha was .81 ,  indicating a high degree of internal 
consistency for the 6-item scale. Item-analysis indicated that the correlations between items 
and subscale scores were positive and exceeded .50 for all items, except item 1 ,  which had 
a correlation of less than .20. However, the retention of item 1 was justified because it was 
considered necessary to include "easy" items in the scale. Means ranged from 60.71 to 93 .92, 
suggesting that the reading tasks varied in difficulty. 

Support for the convergent validity of the 6-item TRSE scale was demonstrated as it 
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correlated highest with its targeted criterion measure. More specifically its correlations with 
the PAT Comprehension (r = .40, p = .02) and Vocabulary (r = .50, p =.00 1 )  measures were 
higher that its correlation with the PAT mathematics measure (r = .24, p = .20). Evidence of 
discriminant validity was suggested by the generally lower correlations with the non-targeted 
measure of PAT Mathematics and by statistically significant differences in efficacy scores 
between good and poor readers (t = 2.34, p = .03). Results reported in the remainder of this 
article are based on the 6-item (final) version of the TRSE. 

Although the pilot study was an initial attempt at developing the TRSE scale, it was limited 
by its small sample size. Consequently, a second study was conducted to replicate the findings 
and provide additional psychometric data for the TRSE. 

STUDY 2 - VALIDATION OF THE SCALE 

Study 2 reports confirmatory factor analytic data for the final TRSE scale with a random 
sample of 1 39 students. Although confirmatory factor analysis is one method for investigating 
the construct validity of the efficacy measure, additional techniques must be used to derive 
conclusions about the construct under investigation. For example, support for the construct 
validity of the TRSE should include concurrent validity studies that explore the relationships 
between the TRSE and other measures of related constructs. For instance, theory suggests 
modest correlations with reading anxiety and perceived value of reading measures (Hackett, 
1 984). 

It has been argued that the most demanding criterion of construct validity can be applied only 
when different methods or procedures are used to measure the same construct. Thus, a second 
measure of self-efficacy was required to examine convergent validity. As there were few 
psychometrically sound measures of reading efficacy for Form 2 (junior high school) children 
found in the literature, a second measure of reading efficacy, the General Reading Self
efficacy (GRSE) scale, was constructed. It was adapted from Pintrich and De Groot's ( 1990) 
measure of academic efficacy; the academic efficacy scale has been shown to have good 
psychometric properties. 

In summary, the purposes of the second study were to (a) replicate the item analysis results 
and the reliability estimate of the TRSE scale, (b) examine the factor structure of the TRSE 
and GRSE, and (c) investigate convergent and concurrent validity. 

METHOD 

Subjects 

The sample consisted of 1 39 randomly selected Form 2 (9th grade) students from four 
intermediate (junior high) schools in the Manawatu district. Subjects ( 45.3% males and 54.7% 
females) were aged approximately 12 years (M = 12.48 years, SD = 0.32). The majority of 
students were of European descent (87 . 1 %) while 1 2.9% constituted non-Europeans (Maoris, 
Asians and others). 
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Measures 

Effzcacy 

Although the TRSE was measured in line with Bandur�' s ( 1 977) original definition "the 
conviction that one can successfully execute the behaviour required to produce particular 
outcomes", the second measure was measured on level with his more recent definition. This 
recent definition emphasizes that "self-efficacy is concerned with generative capabilities, and 
not with component acts" (Bandura, I 986, p. 397). Thus, the first measure assessed students' 
confidence about outcomes in relation to specific tasks in reading while the second assessed 
students' aggregated reading self-efficacy. 

(i) Task specific reading self-efficacy (TRSE) scale 
The six-item Task specific Reading Self-efficacy Scale (TRSE), followed Bandura's ( I 977) 
original methodology and was more specific in terms of reading tasks. Children's self-efficacy 
for reading different materials (e.g., an encyclopedia, a I SO page novel, a letter from a friend, 
etc.) was measured on a scale that ranged from 0 to IOO in 1 0-unit intervals from high 
uncertainty to complete certitude. A task specific self-efficacy score was obtained by 
calculating the mean. 

(ii) General reading self-efficacy (GRSE) scale 
Items were adapted from the self-efficacy subscale devised by Pintrich and De Groot ( I990) 
and were modified to make it reading specific (see Appendix, Table AI). An attempt was 
made to incorporate many aspects/facets of reading, for example, doing well in reading, 
ability to understand the material, and ability to understand difficult words, etcetera. The items 
had the following stems "I am certain", "I am sure", and "I am confident". Items which 
indicated comparison to other students were excluded as it was believed that they measured 
perceived competence rather than self-efficacy. Students were required to respond to 7 items 
on reading self-efficacy using the following 7-point Likert-type response format ranging from 
I - never, 2 - almost never, 3 - seldom, 4 - sometimes, 5 - often, 6 - almost always, 7 -
always. Scores for the 7 items were summed and then divided by 7 to produce a mean score 
ranging from I to 7. Scoring was reversed on the items that were negatively worded, so that 
for all items a high score indicated high self-efficacy. For the present study, this scale showed 
very high internal consistency, yielding a Cronbach' s alpha of . 9 I .  All item scale correlations 
were greater than .60 (range .62 to .80). 

Reading Metacognitive Knowledge 

The Index of Reading Awareness (IRA), developed by Jacobs and Paris ( I987), was used to 
assess children's metacognitive knowledge in reading. This measure comprises four separate 
subscales: evaluation, planning, regulation and conditional knowledge of reading. It consists 
of 20 items, each with three alternatives representing an inappropriate response (0 points), a 
partially adequate answer ( I  point) and a strategic response (2 points). Scores for the 20 
questions on the IRA were combined to produce a total score ranging from 0 to 40 points. 
This measure was based on empirical research of children's responses to metacognitive 
questions, so that it accurately reflected children's knowledge about reading strategies, rather 
than the authors' beliefs about what they know. Test-retest reliability (8 month interval) 
yielded a Pearson product-moment correlation of r = .55 (p < .OO I ). 
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In the present study, the wording of some items was slightly changed so that the item 
reflected a measurement of metacognitive knowledge rather than strategy use. For instance, 
the IRA item of 'If you could only read some of the sentences in the story because you were 
in a hurry, which ones would you read?' was modified to 'If you could only read some of 
the sentences in the story because you were in a hurry, which ones should you read?' Analysis 
of internal consistency of the 20 items yielded a Cronbach's alpha of .62 for the present 
study. 

Anxiety 

The reading anxiety scale (RAS) was adapted from Pintrich and De Groot's ( 1 990) test 
anxiety scale to create an instrument which is reading-specific and appropriate to junior high 
school children. The RAS consists of 1 1  items. Scoring of the negative items was reversed 
so that a high score indicated low anxiety. The scale yielded a high internal consistency of 
.93. An anxiety score was obtained by calculating the mean of the 1 1  items. 

Perceived value 

Eleven items, similar to those used by Pintrich and De Groot ( 1 990) in their intrinsic value 
scale, were used to assess students' perceived value of reading. Whereas Pintrich and De 
Groot asked reactions to general academic work, students in this study were questioned 
specifically about reading. Items concerning the value of reading assessed perceived 
usefulness, importance, and inherent interest. The scale yielded a high internal consistency of 
.89. A mean score was calculated for this scale, with high scores reflecting high perceived 
value for reading. 

Achievement 

(i) Academic achievement 

Students' academic achievement was assessed using three of the seven tests of the Progressive 
Achievement Test Series (PAT). The PATs that were used in the present study included 
Reading Comprehension (Reid & Elley, 1991), Reading Vocabulary (Reid & Elley, 1 991), 
Reading Study Skills (Reid, Croft, & Jackson, 1 978), and Mathematics (Reid, 1 993). These 
tests are group administered, NZ normed, paper and pencil scales, administered by the 
majority of NZ primary and intermediate schools at the beginning of each school year (Beck 
and St. George, 1 983). Their split-half reliability coefficients are above .85 and the tests are 
described as having medium to high validity in NZ (Reid & Elley, 1 99 1 ;  Reid, 1 993). 

(ii) Reading comprehension performance 

The latent construct of reading performapce was assessed using two measures. Age percentile 
scores of a standardized measure of reading comprehension, the PAT Reading Comprehension, 
served as one indicator since a child's achievement is most often assessed with a standardized 
test of reading ability (German, Johnson, & Schneider, 1985). Classroom marks represented 
a second measure because they provide a very important source of feedback to students. 
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Teachers provided gradings, expressed as a percentage, for students' performance on different 
reading tasks in the classroom. These tasks fell into three general categories a) in-class 
seatwork; b) quizzes and tests and c) assignments and projects. An average score for the three 
categories was calculated with a high score representing good reading performance. The 
gradings were collected from the teachers during the later part of the year. 

Procedure 

In the early part of the academic year, students in each school were administered the self
efficacy, metacognitive knowledge, anxiety, and perceived value measures in groups of 1 5 -
20, during one 30 minute session. The measures were read out to each group by the 
researcher to ensure standardized presentation and to minimize reading difficulties. A short 
training sequence preceded the administration of each measure, to familiarize students with 
the use of the response format. The students were continuously observed in order to ensure 
that they were comprehending what was being read out and that they were attentive during 
testing. 

Data analysis 

Confirmatory factor analysis using the LISREL 8 program (Joreskog & Sorbom, 1 993) 
constituted the principal method of data analysis. This technique enables a series of 
hypothesized regression equations to be solved simultaneously to generate an estimated 
covariance matrix. In contrast to exploratory factor analysis, confirmatory factor analysis 
requires a priori specification of the items to its factors. Maximum likelihood techniques 
were used to generate the parameter estimates. 

There are a variety of indices of fit which can be obtained for a given model. These indices 
may be used to determine the adequacy of fit of a single model or to compare the relative fit 
of a number of alternative competing models of the data. In general, no single index has been 
endorsed the "best index" by the majority of researchers (Gerbing & Anderson, 1993), so 
adequacy of fit is usually assessed on the basis of observation of several indices together. In 
the present study assessment of fit was based on multiple criteria including chi-square 
(Joreskog & Sorbom, 1 993), adjusted goodness of fit index (AGFI; Joreskog & Sorbom, 
1 993), normed fit index (NFI; Bender & Bonett, 1 980), parsimony normed fit index (PNFI; 
Mulaik et al., 1989), and standardized root mean square residual (RMR; Joreskog & Sorbom, 
1 993). In general, a chi-square probability value greater than .05, AGFI and NFI indexes 
exceeding .90, moderate values for PNFI, and standardized RMR of less than .05, are 
indicative of an acceptable model fit. 

In the present study, confirmatory factor analyses of each self-efficacy scale were conducted 
initially to determine the factorial validity of the scales. A number of alternative models were 
tested ranging from the addition of correlated errors and a test of a two versus one factor 
solution. Following this, correlations between the two efficacy scales and the criterion 
measures of achievement, metacognitive knowledge, perceived value, and anxiety were 
calculated to provide construct validity. 

RESULTS 

Internal consistency 

Since reliability estimates may be spuriously inflated when based on the same samples as the 
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item analyses, coefficient alpha was also calculated for the second sample. The resulting 
alpha for the TRSE was .91 .  All corrected item-scale correlations were greater than .40 (see 
Table 2). 

Table 2. Item means and item-scale correlations of the TRSE scale 

item-scale 

Item M correlation 

letter from classmate 95.2 .47 
school library book 86.8 .69 
short fiction story 78.7 .82 
short play 74.3 .79 
1 50 page novel 62.2 .75 
encyclopedia 37.6 .63 

Examination of the means suggested that the items varied in difficulty. Although the 
'
range 

of means for the items varied between the two studies, the order of difficulty of the items was 
replicated. The item "letter from a classmate" represented the easiest item for the students 
while the item "encyclopedia" presented the most difficult. 

Factor structure of the self-efficacy measures 

In this section, three sets of confirmatory factor analyses were conducted to examine the 
factorial validity or dimensionality of the two reading efficacy scales. Initially, a number of 
alternative confirmatory measurement models of the task specific measure of efficacy (TRSE) 
was examined. This was followed by an examination of a confirmatory measurement model 
for the general measure of reading efficacy (GRSE). Finally, a third set of analyses was 
conducted to determine whether the general and task specific dimensions of efficacy were 
distinct. 

One of the assumptions underlying the use of maximum likelihood estimation of latent 
variables is multivariate normal data distribution. All items for the TRSE and GRSE scales 
met requirements for univariate normality except for Item I of the TRSE scale which showed 
a mild negative skew and moderate positive kurtosis. The moderate kurtosis of item I was 
expected since it represented one of the easiest items. However, applying a square root or 
logarithm transformation to item I indicated that correlations between items 2-6 and the 
transformed variable of item I were similar to those obtained between items 2-6 and the 
untransformed item. Thus, item I did not warrant transformation. Tables A2 and A3 (see 
appendix) present the intercorrelations of TRSE and GRSE items, respectively. These 
correlations present in standardized form the covariance data used in the LISREL analyses. 

Analyses of the TRSE scale 

To identify the model, the variance of the latent task specific efficacy factor was fixed at 
unity, and the six items were freely estimated. Two CF A models were tested. In the first 
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model, it was hypothesized that the items that compose the 1RSE would load on one factor, 
the task specific reading self-efficacy factor. This model did not assume correlated errors. 
The second model differed from the frrst in that it assumed there were correlated errors. This 
assumption is based on Bandura's methodology, which requires the inclusion of items with 
varying difficulty. It is therefore plausible that efficacy items reflecting easy tasks (e.g. items 
1 and 2) may be correlated with each other and items reflecting more difficult items (items 
4, 5, and 6) may be correlated with each other. Fomell ( 1983) suggests that allowing for 
correlated measurement errors should not be motivated by goodness-of-fit improvement, 
unless (a) it is warranted on theoretical or methodological grounds, or (b) it does not 
significantly modify the parameter estimates (see section on sensitivity analyses, below). 

The first model provided a poor fit to the data, �(9, N = 139) = 1 09.96 , p = .00; AGFI = 
.54; NFI =.83; RMR = .08; and PNFI = .50. Modification indices suggested that the fit of 
the model could be improved by allowing 3 correlated errors. The fit of the model was 
substantially improved by freeing these error covariances, :i(6, N = 1 39) = 6.66, p = .35;  
AGFI = .95; NFI = .99; RMR. = .02; and PNFI = .40. The normed fit index for this second 
model was .99, indicating that the vast majority of the variation was accounted for by the 
model. Each factor loading was highly significant (t > 6.60, p < .001 ), suggesting that the 
six items were representative of a single underlying construct. The standardized estimates of 
the factor loadings and the error variances-covariances are presented in Figure 1 .  

Item 1 Item 2 Item 3 

.03 

Item 4 Item S Item 6 

.25 .47 .59 
� �  

Figure 1. Completely standardized solution of a confirmatory factor model of task 
specific efficacy items. 

Analysis of the GRSE 
Even though the GRSE items were drawn from a previous study, CFA analysis of this scale 



3 52 

was considered necessary because the wording of the items was changed to make it reading 
specific. The variance of the latent general efficacy factor was fixed at unity, and the seven 
items were freely estimated. A model was tested where it was hypothesized that the items 
that compose the GRSE would load on one factor, the general reading self-efficacy factor. 
1bis model did not assume correlated errors. The model provided a good fit to the data, 
�(1 4, N =  139) = 1 9.58 , p  = . 14; AGFI = .92; NFI =.97; RMR = .028; and PNFI = .64 . 

.__I
_
tcm

-r-
1 ---' EJ .__Item

---,
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Item S Itcm 6 Item 7 Item 4  

.43 .37 .44 .ss .28 .37 

Figure 2. Completely standardized solution of a confirmatory factor model of general 
efficacy items. 

The completely standardized solution of parameter estimates of ·this model is presented in 
Figure 2. Each factor loading was highly significant (t > 8.2 1 ,  p < .00 1), suggesting that the 
seven items were representative of a single underlying construct. The moderate-to-high factor 
loadings of the indicators suggest that they are effective indicators in d�fining the latent 
variable. The normed fit index for this model was .97, indicating that the vast majority of 
the variation '-''aS accounted for by the model. 

Test of a two-factor versus one-factor model 

Given the above findings, that each efficacy scale is unidimensional, another model was tested 
to determine whether the task specific and general dimensions of reading efficacy were 
distinct. It was hypothesized that the TRSE and the GRSE items would fall on separate 
factors since different definitions were employed in devising each scale. 

Following procedmes adopted by Marsh and O'Neill (1 984), items in each efficacy scale were 
combined to form item composites. Generally, item composites are formed (on a meaningful 
basis) based on conceptual, categorical, or task similarity. Grouping of items to test factorial 
validity is supported by a number of researchers (e.g., Byme, 1 989; Chapman & Tunmer, 
1 995; Marsh & O'Neill, 1984). Within the TRSE scale, three item pairs were formed based 
on their order of difficulty, that is, the first two items relating to the scale defined the first 
item pair, the next two items the second item pair, and so forth. For the GRSE scale, items 
2, 3,  and 7 which reflected "confidence on classroom tasks" formed one comp9site grouping. 
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Items 1 and 6, reflecting "confidence in understanding what was read" formed an item pair, 
whilst the remaining two items formed another item pair. Thus, for the GRSE scale, 2 item 
pairs and 1 composite grouping of3 items were formed. As suggested by Marsh and O'Neill, 
this pz:ocedure was preferable to a confirmatory factor analysis of 13  items for the following 
reasons: (a) each variable should be more reliable and possess a smaller unique component, 
(b) the ratio of the number of subjects to the number of variables is increased, and (c) 
idiosyncratic wording of the individual items should have less affect on the factor loadings. 
All variables met conditions for multivariate normality. The correlations of the six composite 
items is provided in Table A4 in the appendix. 

The 6 composite items were allowed to load freely within their respective factors. Factor 
variances were fixed at unity to identify the model, and the two factors were allowed to 
correlate freely. Again as in the case of the TRSE scale, the model assumed the presence of 
correlated errors. This confirmatory factor model, with the release of one correlated error, 
constituted a good fit to the data, x!-(7, N = 139) = 8.61 ,  p = .28; AGFI = .94; NFI = .99; 
RMR = .02; and PNFI = .46. Two distinct dimensions assessing task specific and generalized 
efficacy for reading were identified. 

Whether fewer than two factors are, in fact, adequate to account for variation among the data 
was evaluated by examining an alternative one factor structure, considering the high factor 
intercorrelation (r = .83). The measurement model was reestimated by specifying a perfect 
correlation between the task specific and general efficacy factors. This one factor model, 
which yielded x!-{8, N = 139) = 54. 13,  p = .00; AGFI = .71 ; NFI = .93 ; IU.1R = .06; and 
PNFI = .49, provided a poor fit to the data suggesting that even though the two efficacy 
factors are highly correlated, they represent distinct aspects/dimensions of reading efficacy. 
The completely standardized solution of parameter estimates of this model is presented in 
Figure 3 .  

Item-group 1 

.16 

Item-group 2 Item-group 3 

.83 

Item-group 1 Item-group 2 Item-group 3 

.2S .14 

Figure 3. Completely standardized solution of a confirmatory two-factor model of task 
specific and general efficacy. 
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Sensitivity analyses 

Although correlated errors of measurement were permitted for the models based on justifiable 
grounds, there remains the uncertainty that one may simply be capitalising on chance variation 
in the data. There is always the concern of overfitting the model; that is, fitting the model 
to trivial sample-specific artifacts in the data. Researchers have stressed the importance of 
investigating the sensitivity of parameter estimates to the specification of correlated errors of 
measurement (e.g., Hughes, Price, & Marrs, 1986; Tanaka & Huba, 1 984). Sensitivity 
analyses (Byrne, 1 989) were thus conducted to determine the practical significance of 
including additional parameters like correlated errors (i.e., their importance to the overall 
meaningfulness of the model). One way of determining this information is to test the 
sensitivity of the major parameters in the model to the addition of different patterns of error 
covariances. Results of the sensitivity analyses indicated that the imposition of correlated 
errors has minimal impact on the estimated parameters of the models, but does significantly 
improve model fit. This provides some reassurance that assumptions concerning the error 
structure of the data have no impact on the essential conclusions drawn from the fitted models 
of the TRSE and GRSE. 

Construct and Discriminant Validity 

Correlations with external criteria 

For the remaining analyses, items were combined within each of the two self-efficacy factors. 
This was accomplished by forming means of all items within each factor. Correlations 
between these scales and other criterion measures were computed. 

Validation of self-efficacy requires demonstrating theoretically consistent patterns of 
relationships between self-efficacy and external criteria. Consistent with a construct validation 
approach, this requires that a self-efficacy measure be highly correlated with criteria to which 
it is closely related logically (convergence) and less highly correlated with other criteria 
(divergence). This pattern is clearly seen in the correlations between the self-efficacy factors 
and the two academic achievement areas (see Table 3). Reading achievement and reading 
study skills were more strongly correlated with reading self-efficacy than Mathematics 
achievement. The significant moderate correlations between the efficacy measures with 
classroom marks obtained from teachers towards the end of the school year attest to the 
predictive validity of the efficacy scales. 

Table 3. Correlations of efficacy measures with criterion measures 

Criterion measures 

metacognitive knowledge 

anxiety 
perceived value 
PAT reading comprehension 

PAT reading vocabulary 
PAT reading study skills 

PAT mathematics 
classroom marks 

task specific 
efficacy 

.45 
-.74 

.63 

.75 

.65 

.58 

.49 

.56 

all correlations were significant at p < .00 I (2-tailed) 

general 

efficacy 

.4 1 
-.64 

.54 

.6 1 

.67 

.56 

.47 

.47 
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The correlations of the self-efficacy scales with metacognitive knowledge, anxiety, and 
perceived value for reading also define a pattern of correlations that supports the construct 
validity of interpretations based upon responses to the self-efficacy scales. Students with high 
efficacy are more knowledgeable about reading, experience low anxiety, and possess high 
perceived value for reading. 

It is notable that as compared to the general measure of reading efficacy, the task specific 
measure had stronger correlations with the criterion measures. Also worthy of note is that 
the correlations between the two self-efficacy measures (r = . 77) is higher than the correlation 
of each of the efficacy factors with the other measures. 

Gender differences in the efficacy measures 

Independent t tests were performed on both measures of efficacy for male (n = 63) and female 
(n = 76) students. Statistically significant differences were found between groups for both 
the task specific (t = -2.88, p < .05) and general (t = -2.26, p < .05) measures of efficacy. 
Interestingly, although there were no significant gender differences in their PAT reading 
comprehension measure, females had higher task specific (M = 67.02, SD = 1 6.00) and 
general (M = 5.30, SD = .98) scores than males (means are 58.61 (SD = 18.69) and 4.83 (SD 
= 1 .37) for task specific and general efficacy, respectively). 

DISCUSSION 

This article describes the development and psychometric characteristics of the TRSE which 
was designed to assess self-efficacy of reading. Despite great interest in reading self-efficacy, 
relatively few validated tools have been developed for the assessment of this construct. The 
TRSE is unique in that it is derived from Bandura's self-efficacy methodology (Bandura, 
1986) and is the only measure normed with young adolescent New Zealand children. This 
study offers some preliminary evidence for adequate reliability and construct validity of the 
newly developed TRSE scale. 

Although a large number of items were generated, a 6-item scale was considered highly 
reliable and sufficiently comprehensive to measure the self-efficacy of young adolescent 
children. It is probable that a larger number of items (e.g., items 27, 28, see Table 1 )  in the 
originally devised scale may be relevant for children in upper grades as compared to those 
in lower grades. This is because older students would have developed the reading skills to 
read more difficult material. Another point to be noted is that although the TRSE items were 
developed for children in NZ, they can be used in other countries, particularly, if the 
classroom reading activities are consistent with those in other countries. Also items where 
the term NZ is used could potentially be replaced with the country of interest. 

The TRSE also demonstrates good face validity because of its derivation from self-efficacy 
theory and methodology, which demands detailed task descriptions. The final version of the 
TRSE also has adequate content validity (provided by the reading specialists), although it did 
not sample exhaustively from the domain of reading. One of the advantages of the TRSE 
over most other self-efficacy measures is that it is a domain specific rather than a global 
indicator of self-efficacy. This is particularly important as there is evidence in educational 
research for the separation of academic and nonacademic self-perceptions, and even between 
different academic areas (Marsh, Smith, & Barnes, 1985). 
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The expected pattern of higher correlations of the TRSE score with the reading achievement 
measures (comprehension, vocabulary, and reading study skills) as compared to its correlation 
with the mathematics achievement measure provides support for the validity of the TRSE. 
Self-perception theorists (e.g., Shavelson & Bolus, 1982) argue that academic ability measures 
should be more highly correlated with self-perceptions in related areas than those in other 
areas. The significant correlation of the TRSE measure with classroom gradings suggests that 
the scale has promising predictive validity. Moreover, the TRSE was able to differentiate 
between good and poor readers, thus establishing discriminant validity of the scale. 

Concurrent validation of the TRSE was supported by substantial correlations with criterion 
measures. The findings related to the relationships between the TRSE and other motivational
related constructs such as anxiety and perceived value were consistent with previous research 
(e.g., Hackett, 1985). That is, efficacy scores are moderately and positively related to 
perceived value but negatively related to anxiety. In addition, its significant correlation with 
metacognitive knowledge is consistent with previous research (Paris & Oka, 1 986). 

Convergent validity was supported by a statistically significant relationship between the TRSE 
and the general measure of reading efficacy (GRSE). Moreover, consistent with Bandura's 
( 1 986) theory, the task specific measure of efficacy had a higher correlation with the reading 
comprehension measure than the general measure of efficacy. When dealing with specific 
behaviours, more specifically worded items are likely to provide a more accurate estimation 
of an individual's  efficacy (Sherer et al., 1982), and hence higher correlations with the 
achievement measure. However, even though task specific measures may be more precise, 
they will always require custom construction and will not be conducive to comparison across 
different reading curricula. In such a case, the GRSE scale may be more appropriate. In fact, 
it has been argued that the level of specificity of the efficacy measure should ultimately match 
the complexity of the performance measure with which it is being compared (Lent & Hackett, 
1 987). 

As predicted, confirmatory factor analyses supported the hypothesis that task specific reading 
self-efficacy is unidimensional. These results are in accordance with other academic measures 
of efficacy (Pintrich & De Groot, 1 990). In addition, this study demonstrates that distinctions 
can be made between different measures of reading self-efficacy, depending on the level of 
specificity of the efficacy measure. Although the correlation between the task specific and 
general efficacy factors was high (r = .83), the factors formed distinct constructs. 
Confirmatory factor analysis led to the interpretation of a two-factor solution, thus establishing 
factorial validity. 

Consistent with previous research, there was a significant gender effect for efficacy; girls had 
higher reading self-efficacy than boys (Hay, 1994; Marsh et al. , 1985). This fmding is 
consistent with Bums' (1982) suggestion that gender differences in self-perception may be 
related to the frequent observation that elementary and intermediate aged boys appear to have 
more problems than girls. Burns also suggested that boys tend to perceive the classroom 
setting as being "female", a perception that is strengthened by the predominance of women 
teachers at the primary and junior high school levels. Consequently, boys may have greater 
difficulty in maintaining positive self-perceptions since they have to cope with failures in a 
"female" setting. 

The results of the present study have important implications for education. As a valid self
report questionnaire for measuring reading efficacy in adolescents, the TRSE may be 
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important in intervention research. Changes in scores on the TRSE may assist in determining 
the effectiveness of interventions for less efficacious children in research or classroom 
settings. Task specific assessments of efficacy yield different information than more global 
measures of efficacy and this information may be useful to teachers concerned with 
monitoring student's  efficacy across different reading tasks. 

The TRSE may also be useful in a variety of future research. For instance, future research 
could investigate the relevance of other items in the originally compiled task specific scale 
for older children. Also research investigating the relationship between efficacy, 
metacognition, and other motivation-related variables is much needed, and may help 
illuminate important aspects of children's reading development including the mechanisms that 
lead to reading disability. Such theory based research concerning the relationships between 
reading efficacy, metacognition, and motivation may have been impeded by the lack of 
reliable and valid reading self-efficacy instruments. 

There were a number of limitations to the present study which point toward several other 
areas of future research. First, the current study is limited by the sample size of the poor 
reader group and other special population diagnostic groups and thus precludes conclusive 
discriminant validity studies at this time. Second, the confirmatory factor analytic fmdings 
require cross validation with a second sample. Third, appropriate validity studies are needed 
to address the construct validity of the factor scores in special education populations (gifted, 
learning disabled, mildly mentally handicapped). Fourth, multitrait, multimethod studies using 
observer ratings (parent, teacher ratings), are essential to complement the findings reported 
herein. Fifth, the short- and long-term stability of the TRSE need to be assessed. 
Nonetheless, the results of this initial investigation support the reliability and validity of the 
TRSE in assessing self-efficacy of reading for adolescent children. 
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APPENDIX 
Table A l. The GRSE items 

1 .  I am not sure I will be able to understand most things I read. 
2. I am sure I can do an exceJlent job on the reading tasks given to me in class. 
3 .  I am sure I will receive a good mark for my reading comprehension test. 

4. I don't feel confident in doing well in reading. 
5. I am sure I will be able to understand most difficult words I come across. 
6. I am certain I can understand well the books that I read. 
7. I feel confident that I can read any book that is given to me by my teacher. 

Table A2. Correlations between the TRSE items 

Item I Item 2 Item 3 Item 4 Item 5 Item 6 

Item I 

Item 2 .675 
Item 3 .527 .761 
Item 4 .447 .656 .853 
Item 5 .428 .530 .708 .775 
Item 6 .39 1  .452 .630 .602 .773 

Table A3. Correlations between the GRSE items 

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 

Item I 
Item 2 .466 
Item 3 .530 .68 1 
Item 4 .567 .706 .658 
Item 5 .493 .626 .577 .656 
Item 6 .520 .574 .559 .635 .566 

Item 7 .492 .623 .656 .638 .567 .68 1 

Table A4. Correlations between the TRSE and GRSE composite items 

Composite items 

Trse. l Trse2 Trse.3 Grse. l Grse2 Grse.3 

Trse. 1 
Trse2 .665 
Trse.3 .785 .846 
Grse. l .6 1 0  .534 .6 1 9  
Grse2 .698 .557 .62 1 .767 

Grse.3 .599 .485 .56 1  .7 14 .772 
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APPENDIX D 

Pereira-Laird, J. A. (1996). Development and validation of a self-report measure of the 
Reading Strategy Use (RSU) scale. Manuscript submitted for publication. 

ABSTRACT 

This study describes the development and validation of the Reading Strategy use (RSU) scale which assesses 
cognitive and metacognitive strategy use. In addition, discriminant validity of the components of metacognition 
and cognitive strategy use was assessed. The first study describes the development of the scale. A final version 
of 1 2  metacognitive strategy use and 1 0  cognitive strategy use items showed acceptable internal consistency. 

In general, the RSU scale correlated as expected with criterion measures, providing initial support for the validity 
of the scale. In the second study, confirmatory factor analyses with an independent sample of 139 students 
confirmed the dimensional nature of the RSU scale. A high internal consistency estimate for the scale was again 
obtained for this sample. Confirmation of several predicted conceptual relationships between the RSU scale and 
other reading related factors (i.e., achievement, anxiety, perceived value, self-efficacy, and persistence) provided 
evidence of construct validity. In addition, it was demonstrated that metacognitive knowledge, metacognitive 

strategy use, and cognitive strategy use represent distinct constructs. The RSU scale shows high potential for 
use in classroom and research settings. 

Metacognitive strategy use and metacogrutlve knowledge which are components of 
metacognition, as well as cognitive strategy use have been shown to be important predictors 
of academic performance and learning (Cross & Paris, 1 988; Garner & Alexander, 1 989; 
Pokay & Blumenfeld, 1 990; Pressley, Borkowski, & Schneider, 1987; Paris, Wasik, & Turner, 
1 991 ). Despite the growing body of research supporting the position of metacognition and 
cognitive strategy use in reading comprehension, there continues to be disagreement 
surrounding their definition and operationalization (Kurtz, 1991 ;  Reynolds & Wade, 1 986). 
This could probably be due to the limited attention that has been devoted to the discriminant 
validity of these constructs. In addition, relatively little attention has been given to the 
construction and validation of strategy use questionnaires in the domain of reading, further 
impeding systematic theory development in the area of reading. The present study examines 
these two issues. 

Several early definitions of metacognition have been proposed (Brown, 1 980; Flavell, 1 979). 
Two salient features emerge from these definitions and these have received wide acceptance. 
The first salient feature is that metacognition involves metacognitive knowledge or knowledge 
about thinking. Metacognitive knowledge consists of statable information about one's 
cognitive processes; for example, knowledge about strategies, and knowledge about when and 
where to use strategies. The second salient feature is that metacognition involves 
metacognitive strategy use, that is, it involves self-regulation or control of thinking. 
Metacognitive strategy use, also known as executive processes, involves planning, monitoring, 
and correcting one's on-line performance. 

There has been considerable debate in the last decade or two about the distinction between 
knowledge about cognition and regulation of cognition. For instance, Brown and Palincsar 
( 1 982) commented that these two forms of metacognition are "closely related" and that "each 
supports the other recursively" (p. I ). They suggest that any attempt to separate the two 
constructs results in "oversimplification". On the other hand, Lawson (1 984) argued that the 
term metacognition should only apply to metacognitive knowledge rather than to control 
processes. He sees the two dimensions as logically distinct, with metacognitive knowledge 
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resulting from the operation of executive control processes, but acknowledges that 
metacognitive knowledge is one source of influence on executive processes. Nevertheless, 
it �s argued here that metacognitive knowledge involves executive control and as such both 
are interwoven components of metacognition. To argue theoretically that the components of 
metacognition are interwoven does not imply that research into metacognition will not 
distinguish between knowledge of cognition and control of cognition (van K.raayenoord, 
1 986). In fact, there are a number of researchers who have empirically confirmed the 
occurrence of both facets (Comoldi, 1 990; Cross & Paris, 1 988; Schraw & Dennison, 1 994). 

The difficulties concerning metacognition also centre on conceptual and methodological issues 
relating to metacognition and establishing a clear causal relationship between the components 
of metacognition and cognitive performance. Kurtz ( 1 991)  suggested that a critical area in 
the concept of metacognition is its distinction from cognitive processes which are not 
metacognitive. A related issue in the literature concerns the differentiation of cognitive and 
metacognitive strategy use (St. George, van Kraayenoord, & Chapman, 1985). Even though 
these two types of strategy use have been distinguished empirically in a large number of 
research studies (e.g., Anthony, 1 994; Pokay & Blumenfeld, 1 990; Zimmerman & Martinez
Pons, 1 990), some researchers still contend that they are indistinguishable (e.g., S.G. Paris, 
personal communication, 1995). Despite empirical evidence for the distinction of these two 
types of strategies in a variety of domains, research has yet to empirically distinguish these 
strategies in the domain of reading using confirmatory factor analytic procedures. This 
represented one goal of the present study. 

The centrality of "strategies" for understanding text is widely acknowledged (Alexander & 
Judy, 1 988;  Brown, Bransford, Ferrara, & Campione, 1 983; Garner, 1 990). However, a 
defmition of strategy is required since there is no consensus regarding its definition (Paris et 
al.,  1 99 1 ). Related discussion in the literature concerning differentiation of cognitive and 
metacognitive activity does little to clarify the central notion of a strategy. Gerber ( 1 983) 
warned that the concept of strategy would become progressively obscured and lose its 
apparent explanatory power unless its meaning was clarified. The reader is referred to 
Pereira-Laird and Deane ( 1996) for more detailed discussion of this issue. For the purposes 
of the present study, Rowe and Rayford's ( 1 984) definition of a strategy is adopted, where 
a strategy is defmed as a deliberate action that readers take voluntarily to develop an 
understanding of what they read. 

A variety of labels have been used by researchers across studies to describe the strategies that 
are used with textual material. Among other labels, these include "study strategies" (Brown 
et al., 1 983), "learning strategies" (Alvermann & Moore, 1991 ; Pintrich & De Groot, 1 990; 
Weinstein & Mayer, 1 986), and "text-processing strategies" (Paris et al., 1 99 1 ). Irrespective 
of the label, the reader uses a mixture of metacognitiv� strategies to monitor understanding 
(e.g., Baker & Brown, 1 984; Brown et al., 1 983; Garner, 1 987; Paris et al., 1 991)  and 
cognitive strategies to learn, remember and understand text. 

Although the essence of metacognition and cognitive strategy use is still being debated, there 
seems to be more consensus about the mental activities it constitutes (Hailer, Child, & 
Walberg, 1 988). The metacognitive strategies involve planning, monitoring, and regulation 
activities that take place before, during, and after any thinking act such as reading (Brown, 
Armbruster, & Baker, 1 986; Paris & Lindauer, 1982; Pintrich & Schrauben, 1992). In 
contrast, cognitive strategies, refer to integrating new material with prior knowledge. 
Cognitive strategies that students use to acquire, learn, remember, retrieve and understand the 
material while reading include rehearsal, elaboration, and organizational strategies (Pintrich 
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& Schrauben, 1992; Weinstein & Mayer, 1986; Zimmerman & Martinez-Pons, 1986, 1 988). 

The purpose of the study was to examine a methodological issue which has been given scant 
attention in the literature: the measurement of children's reading strategies. A review of a 
subset of both commercially published as well as developmental or research instruments 
indicated that many of them concentrate on learning strategies or study skills (e.g., Di Vesta 
& Moreno, 1993). Hence, there is a need for psychometrically sound instruments that 
measure reading strategies. 

Many previous investigations of strategy use have used extensive verbal interviews. Such 
procedures are restrictive in most research and classroom settings due to the amount of time 
and effort necessary to administer them (Schraw & Dennison, 1994). The purpose of the 
present research was to develop and validate an easily administered self-report questionnaire 
which measures cognitive and metacognitive strategy use independently. 

Two issues were of particular importance in this study. First, the study investigated whether 
current conceptualizations of strategy use that discriminate between metacognitive and 
cognitive strategy use are valid. In line with this the present study developed a reading 
specific strategy use instrument. A related issue in the development of the strategy use 
instrument is the establishment of reliability and validity for the instrument. To this end, 
correlations between the strategy use constructs and construct-related criterion measures were 
examined. Strategy use can be partially validated by correlating strategy use with motivation, 
metacognitive knowledge, and achievement. Research has shown that students who are 
strategically oriented display less anxiety but greater persistence and intrinsic interest in their 
academic learning (Pintrich & De Groot, 1990). A number of studies have also shown that 
strategy use is significantly related to efficacy, metacognitive knowledge and achievement 
(Baker & Brown, 1 984; Pressley et al., 1987; Pokay & Blumenfeld, 1 990). In addition, 
research has demonstrated that good and poor (or reading disabled) readers differ in their use 
of cognitive and metacognitive strategies (Baker & Brown, 1984; Resnick & K.lopfer, 1 989; 
Wong, 1980). 

A second issue addressed whether metacognitive/cognitive strategy use and metacognitive 
knowledge are discriminable constructs. Confirmatory factor analyses were performed to 
investigate the factorial and discriminant validity of the aforementioned constructs. 

This article describes the development of the Reading Strategy Use scale (RSU). Two 
investigations are reported. The development of the scale is reported in detail in the first 
study, in addition to establishing preliminary validation of the scale. The second investigation 
provides further validation of the RSU scale in addition to discriminant validity of 
metacognitive knowledge, metacognitive strategy use, and cognitive strategy use usmg 
confirmatory factor analytic procedures. 

STUDY 1:  PILOT STUDY - DEVELOPMENT OF THE RSU SCALE 

A preliminary pilot test was conducted to evaluate administration procedures and to begin 
collecting psychometric data about the items. 
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METHOD 

Sample 

The sample of 53 students comprised of 1 9  males and 35 females. Participants were obtained 
from 2 schools in Palmerston North, New Zealand. Parental and school consent were obtained 
for those who participated in the study. The subjects were aged between 1 0- 1 3  years (M = 
1 2.4 years, SD = 1 .6 years) and consisted of 64. 1 %  Caucasians, 27.8% Maoris and 8. 1 %  of 
other racial groups. Subjects were classified as good (n = 33) or poor readers (n = 21)  
according to their age percentile scores on a standardised reading comprehension achievement 
test, described below. Good readers had cut off scores above the 35th percentile on a 
standardized reading comprehension test. 

Instruments 

Academic achievement 

Students' achievement was assessed using three tests of the Progressive Achievement Test 
Series (PAT), namely Reading Comprehension (Reid & Elley, 1991), Reading Vocabulary 
(Reid & Elley, 1 99 1  ), and Mathematics (Reid 993). These tests are group administered, New 
Zealand normed, paper and pencil scales, administered by the majority of New Zealand 
primary and intermediate schools at the beginning of each school year (Beck & St. George, 
1 983). Their split-half reliability coefficients are above .85 and the tests are described as 
having medium to high validity in NZ (Reid, 1993; Reid & Elley, 199 1 ). 

Reading Metacognitive Knowledge 

The Index of Reading Awareness (IRA), developed by Jacobs and Paris ( 1 987), was used to 
assess children' s  metacognitive knowledge in reading. This measure comprises four separate 
subscales: evaluation, planning, regulation and conditional knowledge of reading. It consists 
of 20 items, each with three alternatives representing an inappropriate response (0 points), a 
partially adequate answer (1 point) and a strategic response (2 points). Scores for the 20 
questions on the IRA were combined to produce a total score ranging from 0 to 40 points. 
This measure was based on empirical research of children' s responses to metacognitive 
questions, so that it accurately reflected children's knowledge about reading strategies, rather 
than the authors' beliefs about what they know. Test-retest reliability (8 month interval) 
yielded a Pearson product-moment correlation of r = .55 (p < .001). 

In the present study, the wording of some items was slightly changed so that the item 
reflected a measurement of metacognitive knowledge rather than strategy use. For instance, 
the IRA item of 'If you could only read some of the sentences in the story because you were 
in a hurry, which ones would you read?' was modified to 'If you could only read some of 
the sentences in the story because you were in a hurry, which ones should you read?' Analysis 
of internal consistency of the 20 items yielded a Cronbach's alpha of .62. 

Mathematics Metacognitive Knowledge 

A multiple-choice measure was devised to assess student's metacognitive knowledge about 
mathematics. It consists of 16  items, each with three alternatives representing an 
inappropriate response (0 points), a partially adequate answer (1  point) and a strategic 
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response (2 points). Scores for the 20 questions were combined to produce a total score 
ranging from 0 to 32 points. Reliability as measured by Cronbach alpha yielded an alpha of 
.75. Construct validity of the scale was established by a moderately strong correlation (r = 
.58) with a standardized mathematics achievement test. Test-retest reliability of the measure 
over a three week period was . 72. 

Attributions 

Attributions were assessed using a modified version of the Krause Attributional Questionnaire 
(Krause, 1 983). For the purpose of the present study, the items were made more reading 
specific. The attributional questionnaire assessed student's thoughts about the importance of 
ability, effort, luck, task interest, and task difficulty. A total of 26 questions were used, half 
dealing with success and half dealing with failure. The questions referred to experiences 
children are likely to encounter in school during reading (e.g., The teacher asked you to read 
a paragraph aloud to the class. You read it loudly and clearly without missing a word. Why 
did this happen? Each question was read aloud. The students were asked to choose the best 
of the six attributional explanations: competence and cleverness (which could be subsumed 
under ability), paying attention and trying hard (which could be subsumed under effort), task 
interest and difficulty of the material. The student placed a one ( 1 )  in front of the best choice 
and a two (2) in front of the second best choice. 

The success and failure questions were scored separately. Two points were awarded for the 
first choice response and one point for the second choice response. A success score was 
obtained by using the formula effort + ability + task interest - task difficulty. Effort, ability 
and task interest were positively weighted because these choices suggest an internal 
attributional orientation. A failure score was obtained by using the formula effort + task 
interest - (task difficulty + ability). Attributional explanations of effort and task interest were 
considered to be adaptive attributional explanations for failure because of their focus on 
intemality and controlhtbility. Ability, on the other hand, was scored negatively because it 
considered to be a maladaptive attribution for failure. Students with a strong ability 
attribution for failure are less likely to put forth the effort necessary to learn to read. 
Consistent with the original scale, test-retest reliability over a three week period for the 
adapted scale was high (r = .68). The original measure has been widely used by a number 
of researchers (e.g., Carr, Borkowski, & Maxwell, 1 991). 

Effort management 
An adaptation of Pintrich and De Groat's  ( 1990) effort management scale was used to 
measure persistence. Whereas Pintrich and De Groot ( 1 990) assessed students' persistence 
to general academic work, students in this study were questioned specifically about reading. 

Students were instructed to respond to the nine items on a Likert scale in terms of their 
behaviour. The scale ranged from 1 to 7 with the following verbal descriptors: 1 - never, 2 -
almost never, 3 - seldom, 4 - sometimes, 5 - often, 6 - almost always, 7 - always. A mean 
composite score was obtained by averaging the scores of the 9 items. Scoring was reversed 
on the four items that were negatively worded, so that for all items a high score indicated 
high persistence. Similar to Pintrich and De Groot's ( 1990) measure, the adapted measure 
used in this study had high internal consistency (alpha = .86) as measured by Cronbach's  
alpha. 
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Procedure 

Initially an item pool of strategy use items were developed based on a literature review and 
items from studies using published and experimental instrwnents (e.g., Briggs, 1987; Wade, 
Trathen, & Schraw, 1990; Weinstein & Palmer, 1990). The list of cognitive strategies was 
based on the framework developed by Weinstein and Mayer ( 1986) and included rehearsal, 
organization, and elaboration strategies. Metacognitive strategies were based on the 
framework of Brown et al. ( 1986) and Pintrich and Schrauben (1992) and included planning, 
monitoring, and regulation strategies. Items were modified so they were reading specific and 
only included those that directly dealt with academic/study practices. A nwnber of items were 
reworded to better reflect their respective conceptual defmition. Care was taken to use 
language suitable for young adolescent children. This resulted in a pool of 30 metacognitive 
strategy items and 26 cognitive strategy items. The number of items was subsequently 
reduced to 26 metacognitive and 1 8  cognitive strategy items after the elimination of confusing 
or compound items (those containing more than one question or statement in the same item), 
items which were highly similar, and those that appeared to fit more than one category. Item 
wording and structure was modified following consultation with three principals and four 
heads of reading departments who checked the appropriateness of the items for use with their 
Form 2 (9th grade) students. The cognitive and metacognitive strategy items were randomly 
ordered in the questionnaire and 12 items were worded negatively to control for response set. 
Responses to each item were made on a 7-point Likert-type scale which ranged from "Never" 
( 1 )  to "Always" (7). 

Two questionnaires were administered to students in groups of approximately 1 7, irrespective 
of their reading ability. Testing took place during two 50 minute sessions with both 
questionnaires administered within a week. A short training session preceded each measure 
to familiarize students with the response format. The RSU questionnaire was administered 
first. Respondents were asked for feedback about clarity of instructions, item difficulty, and 
any confusing aspects of the questionnaire and its administration. 

The second questionnaire examined children's attributions, metacognitive knowledge for 
reading and mathematics, and effort management strategies. Both questionnaires were read 
out to each group by the researcher for each session to ensure standardized presentation and 
to minimize reading difficulties. Students were instructed to raise their hands if they had 
difficulty in understanding the item or wanted a particular item repeated. The students were 
continuously observed in order to ensure that they were comprehending what was being read 
out and that they were attentive during testing. At the end of each questionnaire session, 
students were instructed to check that all items had been answered. 

RESULTS AND DISCUSSION 

Frequency means and standard deviations were calculated for each of the 44 strategy use 
items. Means ranged from 3 . 1  to 4.8 and standard deviations ranged from 1 . 1  to 1 .8. On the 
basis of the univariate statistics and feedback following administration, items were eliminated 
if they, ,  were considered ambiguous or difficult by students, had similar content, or had a 
restricted response range. This process resulted in the elimination of I 0 items. The 
remaining 34 items were subjected to validity ratings by seven judges who were considered 
to be experts in the field of reading metacognition and cognition. They had either done 
considerable research in the area of metacognition or were involved in teaching metacognition. 
The seven judges were asked to categorise the strategies using the following descriptors: "C" 
for cognitive; "M" for metacognitive;" C?" for cognitive, but not a very good item; "M?" for 
metacognitive, but not a very good item; "?" for not sure what category item falls under. 
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Table I shows the mean percentage agreement data for the cognitive and metacognitive 
strategy use categories for those items which were retained. 

Table 1. Reading Metacognitive and Cognitive Strategy Use Items - Ratings by Experts \ 

% agreement 
ITEM amongst raters 

Item c M 
No 

I read quickly through the whole passage to get the general idea before I read it thoroughly. m !  1 00 

I learn new words by relatingllinking them with words which I already know. c l  1 00 

When I find that a chapter in my book is hard to understand, I slow down my reading. m2 1 00 

I make an outline of what I am reading. c2 1 00 

When I cannot read a word in the story, I skip it c3 7 1  1 4  

I am able t o  decide between more important and less important information while reading. m3 1 4  86 

When I'm reading I stop once in a while and go over what I have read. m4 1 00 

To help me understand what I have read, I say it in my own words. c4 86 1 4  

I decide how difficult my reading passage is and then adjust the speed of my reading m5 1 00 

accordingly. 

I learn new words by picturing in my mind a situation which they occur. c5 l OO 

I stop once in a while and ask myself questions to see how well I understand what I am m6 1 00 

reading. 

After reading something, I sit and think about it for a while to check my understanding. m7 14 86 

When I get lost while reading, I go back to the point where I first had trouble. m8 28 72 

When I read, I form pictures in my mind of the things I am trying to understand. c6 1 00 

After I have been reading for a short time, the words stop making sense. m9 1 4  86 

When reading about something I try to link it to what I already know. c7 86 1 4  

I read critically or thoughtfully, that is while reading something, I judge what I am reading. m l O  1 4  86 

When I read, I underline the main ideas. c8 l OO 

When I find I do not understand something while reading I read it again and try to figure it m l l 28 72 
out 

When reading I learn by heart difficult words and ideas without understanding them. c9 1 00 

When reading, I check how well I understand the meaning of the story by asking myself m l 2  1 00  
whether the ideas fit with the other information in the story._ 

When some of the sentences that I am reading are hard I either give up or read only the c l O  86 14 

easy words. 

I make simple charts, diagrams or tables to summarize information I am reading for a test. c l  r 100 

I find it h ard  to pay attention while reading. rn 1 3· 
1 4  86 

I make use of diagrams or charts to help me understand what I am reading. c 1 2
· 100 

• Items were deleted to optimize Cronbach alpha 
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The judges were told to base their categorisation of strategies on the theoretical definitions 
of cognitive and metacognitive strategy, supplied by the researcher. Only items where there 
was at least 70% interrater agreement regarding its category were retained. This resulted in 
the retention of 1 3  metacognitive and 12 cognitive items. 

Exploratory analyses were conducted on each group of strategy use items in an effort to 
maximize internal reliability. As three items had poor item-total correlations (range = . 1 0  to 
. 1 5), they were deleted from further analyses resulting in 12 metacognitive and 1 0  cognitive 
items. Both subscales demonstrated reasonably high reliability; alpha coefficients were . 70 
and . 72 for the metacognitive and cognitive subscales, respectively. 

Validation of the RSU scale requires demonstrating theoretically consistent patterns of 
relationships between cognitive/metacognitive strategy use and external criteria. Construct 
validity was assessed by correlating the scales with a variety of achievement measures, 
mathematics and reading metacognitive knowledge measures, and effort management 
(persistence). Discriminant validity was assessed by performing t tests for strategy use 
between good and poor readers. Consistent with a construct validation approach, this requires 
that a strategy use measure be highly correlated with criteria to which it is closely related 
logically (convergence) and less highly correlated with other criteria (divergence). This 
pattern is clearly seen in the correlations between the cognitive/metacognitive strategy use 
measures and the three academic achievement areas (see Table 2). Reading achievement and 
reading vocabulary were more strongly correlated with cognitive/metacognitive strategy use 
than Mathematics achievement. A similar pattern was observed with the metacognitive 
knowledge measures. 

Table 2. Correlations between RSU subscales and criterion measures 

Criterion measures 

PAT Reading Comprehension 
PAT Vocabulary 
PAT Mathematics 
Reading metacognitive knowledge 
Mathematics metacognitive knowledge 
Success attributions 
Failure attributions 
Persistence 

RSU subscales (n = 54) 

RSU-meta 

.30 

.38 

201 

291 

. 1 6  

.27 

23 

.39 

RSU-cog 

.3 1 

.34 

. I s· 

.44" 

. 1 7  

.36 

.38 

.50 

All correlations were significant (p � .05) at the two-tailed level except for • 

The correlations of the strategy use scales with attributions and persistence also define a 
pattern of correlations that supports the construct validity of interpretations based upon 
responses to the strategy use scales. Students who reported high cognitive and metacognitive 
strategy use adopted adaptive attributional patterns and persisted longer. Discriminant validity 
was demonstrated by the significant differences found between good and poor readers for 
cognitive (t = 1 .96, p= .05) and metacognitive (t = 2.27, p= .03) strategy use. 

This study offers some preliminary evidence for adequate reliability and validity of the newly 
' 
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developed Reading strategy use (RSU) scale. Internal consistency estimates of reliability was 
high for both the cognitive and metacognitive subscales and this study provides initial support 
for psychometric properties of the RSU scale. Although this study is an initial attempt at 
developing the RSU scale, the study is limited by, its small sample size. Consequently, a 
second study was conducted to replicate the fmdings and provide additional psychometric data 
for the RSU. 

STUDY 2 - CONSTRUCT VALIDATION OF THE RSU SCALE 

Study 2 reports confirmatory factor analysis for the fmal RSU scale using a random sample 
of 139 students. The purposes of the second study were to (a) replicate the item analysis 
results and the internal consistency estimates, (b) examine the factor structure of the RSU, (c) 
investigate its convergent and concurrent validity (i.e., convergence between children's ratings 
on the RSU and appropriate criterion measures) and (d) establish the construct and 
discriminant validity of metacognitive knowledge, metacognitive strategy use, and cognitive 
strategy use in the domain of reading. 

METHOD 

Sample 

The sample consisted of 139 randomly selected Form 2 (9th grade) students from four junior 
high schools in the Manawatu district of New Zealand. Subjects (45 .3% males and 54.7% 
females) were aged approximately 12 years (M = 12.48 years, SD = 0.32). The majority of 
students were of European descent (87. 1%) while 12.9% constituted non-Europeans (Maoris, 
Asians and others). 

Instruments 

Achievement 

Academic achievement 

Students' academic achievement was assessed using four of the seven tests of the Progressive 
Achievement Test Series (PAT). The PATs that were used in the present study included 
Reading Comprehension (Reid & Elley, 199 1 ), Reading Vocabulary (Reid & Elley, 1 991), 
Reading Study Skills (Reid, Croft, & Jackson, 1978), and Mathematics (Reid, 1 993). These 
tests are group administered, NZ normed, paper and pencil scales, administered by the 
majority of NZ primary and intermediate schools at the beginning of each school year (Beck 
& St. George, 1983). Their _split-half reliability coefficients are above . 85 and the tests are 
described as having medium to high validity in NZ (Reid, 1993 ; Reid & Elley, 1 99 1). 

Classroom reading performance 

Teachers provided gradings, expressed as a percentage, for students' performance on different 
reading tasks in the classroom. These tasks fell into three general categories: in-class 
seatwork, quizzes and tests, and assignments and projects. An average score for the three 
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categories was calculated with high scores representing good reading performance. The 
gradings were collected from the teachers during the later part of the year. 

Anxiety 

The reading anxiety scale (RAS) was adapted from Pintrich and De Groot's ( 1990) test 
anxiety scale to create an instrument which is reading-specific and appropriate to intermediate 
aged children. The RAS consists of 1 1  items. Scoring of the negative items was reversed 
so that a high score indicated low anxiety. The scale yielded a high internal consistency of 
.93 . A mean score was calculated for this scale 

Perceived value 

Eleven items, similar to those used by Pintrich and De Groot (1990) in their intrinsic value 
scale, were used to assess students' perceived value of reading. Whereas Pintrich and De 
Groot asked reactions to general academic work, students in this study were questioned 
specifically about reading. Items concerning the value of reading assessed perceived 
usefulness, importance, and inherent interest. Similar to the original scale, the adapted scale 
yielded a high internal consistency (r = .89) . A perceived value score was obtained by 
calculating the mean. 

Task-specific reading self-efficacy scale 

The six-item Task-specific Reading Self-efficacy Scale (TRSE; Pereira-Laird & Deane, 1995), 
measured self-efficacy for reading. Children's self-efficacy for reading different materials 
(e.g., an encyclopedia, a 150 page novel, a letter from a friend, etc.) was measured on a scale 
that ranged from 0 to 100 in 1 0-unit intervals from high uncertainty to complete certainty. 
The scale has high internal consistency with a Cronbach's alpha of .91 .  The scale shows high 
validity as is demonstrated by its moderately high correlations with measures of reading 
comprehension (r = .75), perceived value (r = .63), and anxiety (r = -.74). More detailed 
psychometric properties of this scale is provided in Pereira-Laird and Deane ( 1 995). A task
specific self-efficacy score was obtained by calculating the mean. 

Metacognitive knowledge 

Two measures were used to assess metacognitive knowledge for reading. The first measure, 
the Metacomprehension Strategy Index (MSI), developed by Schmitt (1988, cited in Schmitt, 
1 990) is a 25-item, four-option multiple-choice questionnaire with one option representing 
metacomprehension awareness ( 1  point) and the other three options representing inappropriate 
responses (0 points). Scores for the 25 items on the MSI were combined to produce a total 
score ranging from 0 to 25 points. It was developed by Schmitt to evaluate young adolescent 
students' awareness of metacomprehension strategies before, during, and after reading a 
narrative prose. The MSI assesses students' metacognitive awareness within six broad 
categories: purpose setting; predicting and verifying; previewing; using background 
knowledge; summarizing and applying fix-up strategies; and self-questioning. The MSI has 
been widely used by a number of researchers (Baumann, Seifert-Kessell, & Jones, 1987; 
Horrex, 1 992; Lonberger, 1 988). 
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The MSI has been reported to have an internal consistency value of .87 using the Kuder
Richardson Formula 20 (Lonberger, 1988). Statistically significant correlations were found 
between the MSI and the IRA (r = .48, p :S .001). Furthermore, statistically significant 
correlations were found between the MSI and two comprehension measures commonly used 
to measure students' metacomprehension ability, an error detection task (r = .50, p :S .001)  
and a cloze task (r = .49, p :S .001). 

Minor modifications were made to the wording of the MSI to improve the face validity of this 
questionnaire for Form 2 New Zealand children. The alterations acknowledged not only 
narrative prose reading, but also textbook/book reading. For example in item 2 (A), instead 
of 'Look at the pictures to see what the story is about', the item was changed to ' Look at the 
pictures or diagrams to see what the chapter is about' . Items 2 and 20 were deleted for the 
present study to improve the reliability of the scale. Internal consistency of the measure for 
the current study yielded a Cronbach alpha of .68. 

The Index of Reading Awareness (IRA), developed by Jacobs and Paris (1987), was used as 
a second measure to assess children's metacognitive knowledge in reading. It is described 
in the pilot study. 

Effort management (persistence) 
As described in the pilot study. 

Procedure 

In the early part of the academic year, students in each school were administered a 
questionnaire containing self-report strategy use, metacognitive knowledge, perceived value, 
anxiety, self-efficacy, and effort management measures in groups of 1 5  - 20, during one 50 
minute session. In the first section, self-report cognitive and metacognitive strategy use items 
were presented in a random order to avoid response set. The self-report strategy use measure 
was presented before the metacognitive knowledge items (section 2) so as not to cue students 
about potentially useful strategies. The third section contained the perceived value, anxiety, 
and effort management items which were presented in random order to control for potential 
response bias. Finally, the fourth section contained items measuring self-efficacy. 

The measures were read out to each group by the researcher to ensure standardized 
presentation and to minimize reading difficulties. A short training sequence preceded the 
administration of each measure, in order to familiarize students with the use of the response 
format. The students were continuously observed in order to ensure that they were 
comprehending what was being read out and that they were attentive during testing. 

A number of procedures were followed to improve the validity of the self-report data obtained 
from students (see Assor & Connell, 1 992). Before the administration of the questionnaire, 
students were briefed on the reasons for conducting the study. In age appropriate terms 
students were informed about confidentiality of their results, use of grouped fmdings when 
results were reported, and that any answers they gave to the questions were acceptable as long 
as they were reporting what they really believed. 
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Data analyses 

Latent-variable structural modelling using the LISREL 8 program (Joreskog & Sorbom, 1 993) 
constituted the principal method of data analysis. This technique enables a series of 
hypothesized regression equations to be solved simultaneously to generate an estimated 
correlation or covariance matrix. 

In contrast to exploratory factor analysis where there are no preconceived notions regarding 
the structure of the data, confirmatory factor analysis (CF A) allows a priori designation of 
the plausible factor pattern from theoretical or previous empirical research and then explicitly 

tests it statistically in the observed data. CFA provides (a) the goodness-of-fit indices for 
testing the congruence of the factor model with the data, (b) the inferential statistics for 
testing the significance of factor intercorrelations and factor loadings, and (c) estimates of 
the uniqueness of each measure. 

In the present study, all confirmatory factor analyses (CFA) were based on covariance 
matrices. Parameter estimates for the model specified were generated using maximum 
likelihood techniques. There are a variety of indices of fit which can be obtained for a given 
model. These indices may be used to determine the adequacy of fit of a single model or to 
compare the relative fit of a number of alternative competing models of the data. In general, 
no single index has been endorsed the "best index" by the majority of researchers (Gerbing 
& Anderson, 1 993), so adequacy of fit is usually assessed on the basis of observation of 
several indices together. In the present study assessment of fit was based on multiple criteria 
including chi-square (Joreskog & Sorbom, 1 993), goodness of fit and adjusted goodness of 
fit indices (GFI, AGFI; Joreskog & Sorbom, 1 993), non-normed fit index (NNFI; Bentler, 
1 989), comparative fit index (CFI; Bentler, 1990), and standardized root mean square residual 
(RMR.; Joreskog & Sorbom, 1 993). In general, a chi-square probability value greater than 
.05, GFI, AGFI, NNFI, and CFI indices exceeding .90, and standardized RMR of less than 
.05, are indicative of well fitting models (Bentler, 1 990; Marsh, Balla, & McDonald, 1 988). 

In the present study, CF A analyses of the 22 strategy use items were conducted initially to 
determine the factorial validity of the scales. A number of alternative models were tested 
ranging from the addition of correlated errors and a test of a one factor solution. Following 
this, correlations between cognitive/metacognitive strategy use and the criterion measures of 
achievement, perceived value, anxiety, self-efficacy, and persistence were calculated. To 
address, the second goal of the present study, CF A analysis was conducted again to provide 
discriminant validity for the measures of cognitive/metacognitive strategy use and 
metacognitive knowledge. 

RESULTS 

Internal consistency 

Since reliability estimates may be spuriously inflated when based on the same samples as the 
item analyses, coefficient alpha was also calculated for the second sample. The resulting 
alpha coefficients for RSU-cog (r = . 73) and for RSU-meta (r = .85) were high. All corrected 
item-scale correlations were greater than .40. 

One possible explanation for the variability in the reliability estimates for cognitive and 
metacognitive strategy use is that students may be more selective in their choice of cognitive 
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strategies than in their choice of metacognitive strategies. In other words, reliabilities for 
metacognitive strategies may be higher because their use would be less situation- or task
dependent than cognitive strategies. 

Factor structure of RSU 

A confirmatory measurement model of cognitive and metacognitive strategy use was 
examined. One of the assumptions underlying the use of maximum likelihood estimation of 
latent variables is multivariate normal data distribution. All items met the assumptions for 
both univariate and multivariate normality. (The correlations of the 22 items are available 
from the author by request). 

To identify the model, the variances of the latent cognitive and metacognitive strategy use 
factors were fixed at unity, and the 22 strategy use items were freely estimated within their 
respective factors. Two CF A models were tested first. In the first model, it was hypothesized 
that the items that compose the RSU-meta scale would load on one factor, the metacognitive 
strategy use factor, and the items that compose the RSU-cog scale would load on a second 
factor, the cognitive strategy use factor. This model did not include correlated errors. 
However, it was assumed that correlated errors would be present. This assumption was based 
on Parkes' ( 1 987) suggestion that data obtained from questionnaires are usually prone to being 
systematically distorted by generalized response biases. A second, and probably, more 
pertinent justification for the presence of correlated errors is based on metacognitive/cognitive 
theory and research. More specifically, it has been theorized and empirically demonstrated 
that cognitive strategy use may not be effective for performance without the concomitant use 
of metacognitive strategies (Borkowski et al., 1992; Pintrich & De Groot, 1990). Also, 
correlated errors would be expected within each category, as some items measured similar 
aspects. Thus, a second model was tested which allowed only significant correlated errors 
amongst the cognitive and metacognitive items. 

As expected, the first model provided a poor fit to the data, �(208, N = 1 39) = 367.86, p = 
.00, GFI=.8 1 ,  AGFI = .77, NNFI =.76, CFI = .79 and RMR = .08. Modification indices 
suggested that the fit of the model could be improved by allowing 19  correlated errors. The 
fit of the model was substantially improved by freeing these error covariances, �(1 89, N = 
1 3 9) =205.34, p = .20, GFI = .89, AGFI = .85, NNFI = .97, CFI = .98, and RMR = .06. The 
strong correlation between the strategy factors (r = .71 ) may suggest concept equivalence, so 
the next model tested this proposition. The measurement model was reestimated by 
specifying a perfect correlation between the metacognitive and cognitive strategy use factors. 
This one factor model, which yielded �(1 89, N = 139) =243 .93 , p = .01 ,  GFI = .86, AGFI 
= .82, NNFI = .9 1 ,  CFI = .93, and RMR. = .07, provided a poor fit to the data, suggesting that 
a single underlying dimension could not explain the variance in the data. 

The above findings suggest that the two factor· solution with correlated errors provided the 
best fit to the data. Although the AGFI and RMR indices were slightly lower than the 
expected levels, other goodness-of-fit indices suggested a good fit. The non-normed fit index 
for this second model was .97, indicating that the vast majority of the variation was accounted 
for by the model. In addition, the coefficient of determination for the observed measures 
was .94. This coefficient provides a generalized measure of the amount of variance in the 
observed measures accounted for by the measurement model. In this case the measurement 
model performs well, since it accounts for a high proportion of the variation in the observed 
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scores, suggesting that the reliability of the measurement model as a whole is very high. 

Figure 1.  Completely standardized solution of a confirmatory factor model of cognitive 
and metacognitive strategy use items. 
Note: m l - m l 2  and c l - clO represent the metacognitive and cognitive items, respectively. 

The moderate-to-high factor loadings of the indicators suggest that they are effective items 
in defining the latent variables. All construct loadings were statistically significant (t > 2.24, 
p � .05), and there was evidence for convergent validity. As the items did not load onto 
factors they were not designed to measure, they showed strong evidence of discriminant 
validity as well (Boil en, 1989). The completely standardized estimates of the factor loadings 
are presented in Figure 1 .  In keeping with the conventional notation of covariance structure 
modelling, in Figure 1 ,  measured variables are enclosed in rectangles and latent variables in 
circles. Arrows relating circles to rectangles represent the latent variable's effects on 
indicators. Measurement errors were deleted from the figure to reduce clutter, but were 
estimated in the analysis. The completely standardized solution of these error variances and 
covariances are presented in Table AI  (see Appendix A). The t values for the variances and 
covariances of the measurement errors were generally considerably greater than 1 .96 and so 
are statistically significant at p � .05 level. Thus, the observed scores in �ese samples were 
subject to measurement error, and they were also affected by generalized response tendencies, 
which resulted in nonrandom distribution of errors. 

Although correlated errors of measurement were permitted for the second model based on 
justifiable grounds, there remains the uncertainty that one may simply be capitalising on 
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chance variation in the data. There is always the concern of overfitting the model; that is, 
fitting the model to trivial sample-specific artifacts in the data. Researchers have stressed the 
importance of investigating the sensitivity of parameter estimates to the specification of 
correlated errors of measurement (e.g., Hughes, Price, & Marrs, 1986; Tanaka & Huba, 1 984). 
Sensitivity, analyses (Byrne, 1 989) were thus conducted to determine the practical significance 
of including additional parameters like correlated errors (i.e., their importance to the overall 
meaningfulness of the model). One way of determining this information is to test the 
sensitivity of the major parameters in the model to the addition of different patterns of error 
covariances. Results of the sensitivity analyses indicated that the imposition of correlated 
errors has minimal impact on the estimated parameters of the model, but does significantly 
improve model fit. This provides some reassurance that assumptions concerning the error 
structure of the data have no impact on the essential conclusions drawn from the fitted model. 

Construct and Discriminant Validity 

Correlations with external criteria 

For the analyses in this section, the 1 0  cognitive and 1 2  metacognitive strategy use items were 
combined within each of the two factors. This was accomplished by forming means of all 
items within each factor. 

The scores on the RSU-cog (M = 1 1 .57, SD = 1 .98 ) and the RSU-meta (M = 1 7.8 1 ,  SD = 
3 . 84) subscales were distributed normally. Examination of the data at the item level indicated 
that the mean frequency for each cognitive strategy item ranged from 3.54 to 5 .41  (SD = 
1 .3 8  to 1 .75) whilst the mean for each metacognitive strategy item ranged from 3.70 to 5.45 
(SD = 1 .46 to 1 .83). The least frequently reported items were those of making an outline 
(item c2) and checking whether the ideas fitted with the other information in the story (item 
m 1 2). Frequently reported items were giving up on difficult sentences and monitoring 
understanding (items c 1 0 and m9). 

Correlations between the RSU subscale scores and achievement, perceived value, anxiety, 
efficacy, and persistence were computed and are presented in Table 3 .  Due to listwise 
deletion, correlations between the RSU subscales and the criterion variables were based on 
a sample of 1 36. However, for PAT mathematics and PAT reading study skills, correlations 
were based on a sample of 1 1 8 due to some missing data. All correlations were significant, 
p :S .001 (two-tailed). 

Table 3. Correlations between RSU strategy scores and criterion constructs 

Criterion measures RSU-meta RSU-cog 

PAT Reading Comprehension .68 

PAT Vocabulary .59 

PAT Study Skills• .57 

PAT Mathematics• .36 
Classroom marks .55 

perceived value .50 

anxiety -.59 

self -efficacy .63 

persistence .48 

All correlations were highly significant (p ::; .001) at the two-tailed level. 
Correlations between the RSU strategy use subscales was .5976. 
• Correlations were based on a sample of 1 18, all other correlations were based 
on a sample of 1 36. 

.53 

.48 

.42 

.33 

.4 1 

.46 
-.59 
.49 

.57 



378 

Validation of cognitive and metacognitive strategy use requires demonstrating theoretically 
consistent patterns of relationships between strategy Use and external criteria. Consistent with 
a construct validation approach, this requires that strategy use measures be highly correlated 
with criteria to which it is closely related logically (convergence) and less highly correlated 
with other criteria (divergence). This pattern is clearly seen in the correlations between the 
strategy use factors and the four standardized academic achievement areas (see Table 3). 
Reading comprehension, reading vocabulary, and reading study skills were more strongly 
correlated with cognitive/metacognitive strategy use than Mathematics achievement. 

The correlations of the cognitive/metacognitive strategy use scales with motivational 
constructs, such as perceived value for reading, anxiety, self-efficacy, and persistence also 
defme a pattern of correlations that supports the construct validity of interpretations based 
upon responses to the strategy use scales. Students who are more strategically engaged 
experience low anxiety, view reading positively, feel more efficacious, and employ more 
effort. 

Predictive validity of the scales was obtained by correlating the RSU measures with classroom 
marks obtained from teachers towards the end of the school year. The significant moderate 
correlations attest to the predictive validity of the cognitive and metacognitive strategy 
subscales. Also worthy of note is that the criterion measures correlated more strongly with 
RSU-meta than with RSU-cog. This fmding suggests that cognitive and metacognitive 
strategy use may be differentially related to achievement and motivation 

Discriminant and construct validity of cognitive strategy use, metacognitive strategy use, and 
metacognitive knowledge 

Conceptual distinctness of metacognitive strategy use, cognitive strategy use, and 
metacognitive knowledge was examined by using confirmatory factor analysis (CF A). The 
latent factor of metacognitive knowledge was represented by the two measures of 
metacognitive knowledge in reading, the MSI and the IRA. 

Following procedures adopted by Marsh and O'Neill ( 1984), items in each subscale of the 
RSU were combined to form item composites. Although some researchers group items 
randomly (e.g., Marsh & O'Neill, 1984), item composites are usually formed on the basis of 
conceptual, dimensional, categorical, or task similarity. However, in the present case, due to 
the small number of items within each scale falling in any particular category, the items were 
grouped randomly. In the RSU-meta scale, the 1 2  items were combined to form 3 composite 
groupings of 4 items. However, since there were 10 items in the RSU-cog scale, items were 
combined to form 2 composite groupings of 3 items and 1 composite grouping of 4 items. 
The formation of composite grouping of items have been widely used by researchers to 
establish factorial and construct validity of instruments (Byrne, 1989; L.J. Horwood, personal 
communication, October, 1994; Marsh & O'Neill, 1984). 

As suggested by Marsh and O'Neill (1984), this procedure was preferable to confirmatory 
factor analysing 22 items for the following reasons: 1 )  each variable should be more reliable 
and possess a smaller unique component, 2) the ratio of the number of subjects to the number 
of variables is increased, and 3) idiosyncratic wording of the individual items should have 
less affect on the factor loadings. All variables met conditions for multivariate normality. 
The variance-covariance matrix for the six composite strategy use variables and two 
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metacognitive knowledge variables was used to analyze the data The correlations of these 
eight variables are presented in Table A2 (see Appendix A) . 

.(\. model with three factors, viz., metacognitive strategy use, cognitive strategy use, and 
metacognitive knowledge, was assumed to explain the underlying structure of the eight 
variables. The eight variables were allowed to load freely within their respective factors. 
Factor variances were fixed at unity to identify the model, and the three factors were allowed 
to correlate freely. Again as before, the model assumed the presence of correlated errors; and 
only one significant error covariance arose. However, this error covariance was not included 
because the model fitted equally well without it. This confirmatory factor model, constituted 
a good fit to the data, �(1 7, N = 1 39) = 16.36, p = .50, GFI = .97, AGFI = .94, NNFI = 
1 .00, CFI = 1 .00, and R.MR = .03 .  These results support a three-factor structure; that is, three 
distinct dimensions of metacognitive strategy use, cognitive strategy use, and metacognitive 
knowledge for reading were identified. 

A second model was tested to investigate whether a two factor solution could explain the data 
better. It was demonstrated earlier that metacognitive and cognitive strategy use were distinct 
constructs. Thus the next model reestimated the measurement model by constraining the 
factor correlations between each of the strategy use factors and metacognitive knowledge to 
1 .0. This resulted in a significant deterioration in fit, �(19, N = 139) = 29.54, p = .06, GFI 
= .95, AGFI = .9 1 ,  NNFI = .96, CFI = .97, and RMR = .07. Hence, this model was rejected 
in favour of the three-factor model. 

.76 

Figure 2. Completely standardized solution of a confirmatory factor model of cognitive 
strategy use, metacognitive strategy use, and metacognitive knowledge. 

The completely standardized estimates of the three-factor model are presented in Figure 2. 
The coefficient of determination for the observed measures in the three-factor model was .97, 
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suggesting that the reliability of the measurement model as a whole is very high. The factor 
correlations between cognitive and metacognitive strategy use, cognitive strategy use and 
metacognitive knowledge, and metacognitive strategy use and metacognitive knowledge are 
.78, .65, and .76, respectively. The results of the alternative models suggest that while the 
latent factors of cognitive strategy use, metacognitive strategy use, and metacognitive 
knowledge are strongly and significantly correlated, they demonstrate discriminant validity 
in the sense that they are clearly different constructs. 

DISCUSSION 

This article describes the development and psychometric characteristics of the RSU scale 
which was designed to assess both metacognitive and cognitive strategies in the domain of 
reading. Despite great interest in reading strategy use, relatively few validated tools have 
been developed for the assessment of this construct. This study offers some preliminary 
evidence for adequate reliability and construct validity of the newly developed RSU measure. 

Although a reasonably large number of items were generated to measure the strategy use of 
young adolescent children, it is probable that other types of reading strategies may be relevant 
for children in upper grades as compared to those in lower grades. For instance, strategies 
involving the use of simple charts, diagrams, or tables to summarize information may be more 
pertinent to older secondary school children who have more difficult textual material. It was 
demonstrated in the first study that although the "summarization by employing tables" strategy 
received complete interrater agreement as a cognitive strategy, it had to be deleted from the 
scale to increase reliability (because the strategy was rarely used). Intermediate Gunior high) 
students may not fmd the aforementioned strategy useful as their reading material may not 
warrant the use of such strategies or it may be that these students may not have developed the 
skill to employ it. Research has demonstrated that the utilization of particular strategies 
comes with age (Kobasigawa, Ransom, & Holland, 1 980). 

One of the advantages of the RSU over most other strategy use measures is that it is a domain 
specific rather than a global indicator of strategy use. This is particularly important as there 
is evidence in educational research for the separation of strategy use between different 
academic areas (Alexander & Judy, 1 988; Lester, 1 988). In addition, many researchers and 
theoreticians emphasize that both generic and domain- or content-dependent strategies must 
be identified and taught (e.g., Gagne, 1985; Glaser, 1 984). Another advantage is that the 
RSU is one of the few easily administered measures of reading strategy use which has been 
normed with young adolescent children. 

CF A results suggest that strategy use is not a single trait, but is composed of two dimensions: 
cognitive and metacognitive strategy use. These dimensions are theoretical consistent with 
Borkowski et al. ' s  ( 1 992) theory. These results are consistent with previous research which 
has used other academic measures of strategy use (Anthony, 1 994; Pokay & Blumenfeld, 
1 990; Pressley et al., 1 987, 1 991 ; Zimmerman & Martinez-Pons, 1990). 

Concurrent validation of the RSU was supported by significant correlations with criterion 
measures. The relationships between the RSU and motivational-related constructs such as 
anxiety, perceived value, self-efficacy, and persistence were consistent with previous research 
(Ames & Archer, 1 988; Pintrich & De Groot, 1 990; Pokay & Blumenfeld, 1 990; Tobias, 
1 985). That is, metacognitive and cognitive strategy use are moderately and positively related 



381  

to perceived value, efficacy, and persistence but negatively related to anxiety. 

The expected pattern of higher correlations of the RSU scores with the reading achievement 
measures (comprehension, vocabulary, reading study skills) as compared to its correlation with 
the mathematics achievement measure provides support for the discriminant validity of the 
RSU. It can be argued that strategy use measures should be more highly correlated with 
achievement in related areas than those in other areas. The statistically significant relationship 
between metacognitive/cognitive strategy use and achievement is consistent with previous 
research (Brown et al., 1983 ; Pressley et al., 1990; Pressley, Symons, Snyder, & Cariglia-Bull, 
1 989). 

Finally, the subscales seem to show promising predictive validity. The scales were related 
to classroom reading performance in the expected directions, as they were with the 
standardized reading achievement tests. These magnitude of the correlations with reading 
achievement appeared acceptable, given the multiplicity of factors that are related to reading 
achievement. 

Discriminant validity for the components of metacognition was also demonstrated. The 
fmdings ofthis study reveal that although these components of metacognition are related, they 
form distinct constructs. In addition, the confirmatory factor analytic findings provide support 
for the distinction between components of metacognition and cognitive strategy use. These 
fmdings are consistent with previous research that have empirically distinguished these 
constructs (Anthony, 1994; Comoldi, 1990; Cross & Paris, 1988; Pokay & Blumenfeld, 1990; 
Schraw & Dennison, 1994; Zimmerman & Martinez-Pons, 1 990). 

The results of the present study have important implications for education. First, the strong 
relationship between reading strategy use and motivation indicate that teachers may need to 
pay attention to motivation when assessing strategy use. Both theory and research predict 
that negative self-perceptions and expectations may hinder the deployment of strategies 
(Borkowski et al., 1992). Students' motivational factors are important because strategic 
reading depends on a positive view of one's competence and expectations for future 
achievements. 

Second, as a valid self-report instrument for measuring reading strategy use in adolescents, 
the RSU scale may have high utility in intervention research. Research has shown that 
teaching reading disabled or poor readers to use strategies often produces positive results 
(Borkowski, Johnston, & Reid, 1987; Oka & Paris, 1987; Pressley, El-Dinary, & Brown, 
1992). The information gleaned from the RSU could be used to identify students' level of 
strategic engagement and to evaluate the kinds of cognitive and metacognitive strategies 
students employ in reading particular texts. In addition, changes in scores on the RSU may 
assist in determining the effectiveness of interventions for less strategically oriented children 
in research or classroom settings. Responses to specific questions in the RSU may be useful 
for the design of individualized treatment programmes for adolescents. 

There were a number of limitations to the present study. First, although the RSU can be used 
effectively to measure student perceptions of strategy use, it has a number of limitations. As 
suggested by Pokay and Blumenfeld (1990) they tap students' perceptions of what they are 
doing rather than the accuracy of these perceptions, and do not account for the efficiency or 
appropriateness of strategy use. Appropriateness of strategy use was not accounted for 
because students report strategies they use generally, rather than strategies they use to solve 
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specific tasks. Thus, responses of students in questionnaires refer only to student perceptions 
and not necessarily to accuracy, effectiveness, or appropriateness of strategy use. 

Second, the current study may also be limited by the sample size particularly in relation to 
the number of items that were used. An ideal ratio would be 1 0  subjects to each item. Third, 
while the inclusion of correlated errors had minimal impact on the estimated parameters of 
the measurement model, it is important and necessary to cross validate the findings of the 
present study using a much larger sample. Fourth, while this study focuses on the quantity 
of cognitive and metacognitive strategies used by readers, analysing the type and quality of 
strategies reported by different groups of students should produce more information 
concerning interactions of strategy use variability with reading achievement. Finally, 
multitrait, multimethod studies using non-self-report strategy use measures (e.g., parent and 
teacher ratings or observations) are essential to complement the findings herein. Nonetheless, 
the results of this initial investigation provide preliminary support for the reliability and 
validity of the RSU scale in assessing cognitive and metacognitive strategy use for reading 
in adolescents. 
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APPENDIX A 

Table Al. Estimated correlation matrix for the cognitive and metacognitive strategy items 

ITEMS 
c l  c2 c3 c4 c5 c6 c7 c8 c9 clO ml m2 m3 m4 m5 m6 m7 m8 m9 mlO m l l m12 

cl  .75 
c2 .80 

c3 .92 
c4 .72 
c5 .64 
c6 .8 1 
c7 .78 
c8 .80 
c9 .89 
c l O  -.07 .30 .08 .20 .86 
m l  .67 
m2 .67 
m3 . 1 4  .67 
m4 .71 
m5 .60 
m6 . 1 8  23 .81 
m7 .60 
m 8  .1 1 .60 
m9 .20 . 1 5  .8 1 
m l O  . 1 5  . 1 7  -. 1 8  .65 
m l l  - . 14  . 1 8  .59 
m l2 .2 1 -. 1 4  .34 -.07 .70 

note: see Table I for the items. 

Table A2. Estimated correlation matrix for the cognitive/metacognitive strategy and metacognitive 

knowledge indicators 

COMPOSITE ITEMS 
cog . I  cog.2 cog.3 meta. l meta.2 meta.3 MSI IRA 

cog. I 
cog.2 .566 

cog.3 .496 .510  
meta. l .441 .476 .425 
meta.2 .553 .425 .449 .634 

meta.3 .393 .333 .337 .577 .564 
MSI .346 .386 .41 1  .492 .477 .383 

IRA .279 . 1 9 1 .299 .341 .323 .347 .440 

Note: cog. I to cog.3 and meta l to meta3 represent cognitive and metacognitive composite items, respectively. 
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APPENDIX E 

Pereira-Laird, J. A., & Deane, F. P (1996). Development of a behavioural measure of 
strategy use for adolescents: Think-Aloud Reading Strategy Use Measure (TARSUM). 
Manuscript submitted for publication. 

ABSTRACT 

The lack of systematic research into the strategic processes for effective reading and learning may have been 
hindered by a lack of psychometrically sound instruments to measure cognitive and metacognitive strategy use. 

In an attempt to remedy this deficiency a reading strategy use measure, called the Think Aloud Reading Strategy 

Use Measure (TARSUM) was developed. A pilot study of an initial application of this measure was used for 

measure revision. A second study was conducted to trial the procedures so that the T ARSUM could be 

administered to children of varying reading competence. The findings of these two studies suggested a number 
of revisions, and provided the final development of the measure. These revisions were implemented in the third 

study. Results from a third study provide evidence of the revised measures' validity and reliability. The final 

measure showed high reliability. Convergent validity was supported by its moderate correlation with a paper

and-pencil measure of reading strategy use. Confirmation of several predicted conceptual relationships between 
the TARSUM and other reading related factors (i.e., achievement, anxiety, perceived value, self-efficacy, and 

metacognitive knowledge) provided evidence of construct validity. The TARSUM appears useful for classroom 
and research settings. Recommendations for further development of the measure are indicated. Limitations and 

suggestions for further research are discussed. 

Researchers have been particularly interested in understanding processes involved in higher 
order academic skills such as reading comprehension (Garner, 1987; Paris, Wasik, & Van der 
Westhurzen, 1 988). Information processing theory provides the theoretical framework for 
most recent research in reading, because it addresses the complex interplay of numerous 
cognitive and metacognitive processes and strategies individuals employ as they read. 
Successful readers have been shown by research to utilize a variety of cognitive and 
metacognitive strategies to improve their reading and learning (Garner & Alexander, 1 989; 
Pressley, Borkowski, & Schneider, 1 987). 

However, systematic theory development in this area has been impeded by the lack of reliable , 
and valid instruments to measure reading strategy use. A major problem with many existing 
reading strategy use measures is the lack of systematic empirical norming in addition to being 
too global in nature. This article describes the development of a behavioural measure of 
metacognitive and cognitive strategy use in the domain of reading. The primary rationale for 
developing such a measure was to provide a research tool to assist in studying the relationship 
between reading cognitive/metacognitive strategy use and reading achievement in children. 

Although there is consensus that strategy use is important for understanding text (e.g., 
Alexander & Judy, 1 988; Brown, Bransford, F errara, & Campi one, 1 983;  Gamer, 1 990), there 
is little agreement on the definition of strategy (Paris, Wasik, & Turner, 1 99 1 ). Related 
discussion in the literature concerning differentiation of cognitive and metacognitive activity 
does little to clarify the central notion of a strategy. Rather, the concept appears to drift in 
response to the conceptual needs of the writer, sometimes describing: (a) a self-verbalisation 
(Schunk, 1 986), (b) a particular learning skill such as rehearsing and outlining (e.g., Levin, 
1 986), (c) more general types of self management activities such as planning and 
comprehension monitoring (Pressley et al., 1 987), (d) complex plans that combine several 
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techniques (e.g., Derry & Murphy, 1986), or (e) mental activity presumed to relate to 
information handling and transformation (Swanson, 1 989). Gerber ( 1983) warned that the 
concept of strategy would become progressively obscured and lose its apparent explanatory 
power unless its meaning was clarified. 

In recent articles about strategies some researchers do not include a specific definition for 
"strategy" (Borkowski, Carr, & Pressley, 1 987; Paris & Oka, 1 986); while others use different 
definitions between studies (e.g., Brown et al., 1 983; Paris et al., 199 1 ;  Wade, Trathen, & 
Schraw, 1 990; Weinstein & Mayer, 1 986). One common element in most of the definitions 
of "strategy" that were surveyed, is the idea that a "strategy" is a student-directed action the 
learner chooses consciously and deliberately as a means to an end. There are, however, others 
in the strategy research literature who argue for the automaticity of strategy use (Press1ey, 
Forrest-Pressley, & Elliot-Faust, 1 988). For the purposes of this article, Rowe and Rayford's 
( 1 984) definition of a strategy is adopted where it is defmed as a deliberate action that readers 
take voluntarily to develop an understanding of what they read. 

It appears that at times the distinction between cognitive and metacognitive strategies is 
unclear with researchers often being quick to label any strategic action as metacognitive 
(Brown et al., 1 983). Perhaps a resolution of the conflict is that proposed by Flavell ( 1 979) 
who states "Cognitive strategies are invoked to make cognitive progress, metacognitive 
strategies to monitor it" (p. 909). In other words, one way of viewing the relationship 
between them is that cognition is involved in doing, whereas metacognition is involved in 
choosing and planning what to do and monitoring what is being done. However, Brown 
( 1 987) notes that in some cases a strategy may be invoked for either purpose or may achieve 
both a cognitive and a metacognitive goal. She describes an example as follows: "Asking 
yourself questions about the chapter might fimction either to improve your knowledge (a 
cognitive fimction) or to monitor it (a metacognitive fimction)" (p. 67). Thus, a specific 
activity can represent the strategy itself (looking for main points), its monitoring role (a 
metacognitive activity), and a reflection of metacognitive knowledge that the strategy is 
appropriate for the given situation. 

Metacognitive and cognitive strategies have been distinguished empirically in a large number 
of studies (Anthony, 1 994; Pokay & Blumenfeld, 1 990; Pressley et al, 1987, 199 1 ;  
Zimmerman & Martinez-Pons, 1 990). Pintrich and De Groat (1990) who successfully used 
factor analysis to differentiate these strategies. Even though there was a substantial 
correlation (.83) between these strategies, the metacognitive strategy use measure predicted 
the students' academic performance much better. The authors concluded the two types of 
strategies were conceptually distinct based on their finding that cognitive strategy use without 
the concomitant use of self-regulation was not conducive for academic performance. 

Little agreement has been reached about the most effective ways of measuring metacognition 
and strategy use (McLain, Gridley, Mcintosh, 1 991 ). Because of the difficulty associated with 
measuring metacognitive aspects of reading (Jacobs & Paris, 1 987), there has been wide use 
of techniques which describe the strategies and processes used by good and poor readers 
(Garner, 1 987). These include verbal reports (interview, think-aloud measures), 
questionnaires, computer and video studies, and reaction time. In this article, the two most 
commonly used measures will be discussed, self-report questionnaires and verbal report. 

Self-report questionnaires have been used extensively to assess metacognitive and cognitive 
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strategies (Chan, 1 995; Pintrich & De Groot, 1 990; Pokay & Blumenfeld, 1 990). Although 
these measures can be used effectively to measure student perceptions of strategy use (Ames 
& Archer, 1 988), researchers have suggested the need to replicate results with other measures, 
particularly in the light of certain inherent limitations of self-report measures (Zimmerman 
& Martinez-Pons, 1 990). These limitations were outlined by Pokay and Blumenfeld ( 1 990) 

· as tapping students' perceptions of what they are doing rather than the accuracy of these 
perceptions, and not accounting for the efficiency or appropriateness of strategy use. 
Appropriateness of strategy use was not accounted for because students report strategies they 
use generally, rather than strategies they use to solve specific tasks. Thus, responses of 
students in questionnaires refer only to student perceptions and not necessarily to accuracy, 
effectiveness, or appropriateness of strategy use. 

The verbal report method includes interviews and "think-aloud" (or concurrent) procedures. 
The interview involves asking children open-ended questions about how they think, read, 
learn, and remember, what they might think and do in a hypothetical situation or while 
completing a task at hand. Interviews produce retrospective verbalizations, for they elicit 
reports of metacognitive/cognitive activity already completed. On the other hand, think-aloud 
protocols generate concurrent verbalizations about a reading activity that is temporarily 
interrupted at frequent predetermined and cued points for provision of the verbal report. 
Research seems to support the use of concurrent reporting (think-aloud protocols) in 
preference to retrospective reporting as being a more reliable measure of students' strategy 
usage (Ericsson & Simon, 1 980; Meichenbaum, Burland, Gruson, & Cameron, 1 985; Meyers 
& Lytle, 1 986). 

A number of criticisms have been levied at verbal-reports (Garner, 1 987). One major 
concern is that children may lack the language and verbal facility to discuss the mental events. 
A second criticism is that verbal-report data may include subjects' rationalizations, 
fabrications, and elicited mimicry because of the demand characteristics of the situation. 
Moreover, verbal responses may be ambiguous and may be edited by the subjects to conform 
to their expectations about what the investigator wants to hear. There is also some evidence 
that asking questions during reading alters the way in which subjects process the text, and in 
addition, interacts with other variables to influence recall (Wade & Trathen, 1 989). A third 
concern about verbal-report data is that their reliability and validity are rarely assessed. For 
instance, the cueing offered by instructions and probes may invalidate the data. Another 
difficulty with verbal reports is that they may not reflect what students are really doing; that 
is, they may be engaged in metacognitive strategy use but not report it, or they may report 
it inaccurately (Reynolds & Wade, 1986; Schneider, 1 985). More extensive reviews of the 
problems surrounding verbal report data are available elsewhere (see Afflerbach & Johnston, 
1 984; Garner, 1 987; Nisbett & Wilson, 1 977). 

Despite the aforementioned criticisms, Ericsson and Simon ( 1980) have asserted that verbal 
report data can provide a great deal of knowledge about students' metacognitive activity. 
They suggest that the following factors can increase the accuracy of verbal report data: (a) 
not requiring subjects to verbalize at the same time as they are performing the task, (b) 
minimizing the time interval between processing and reporting, (c) emphasizing to subjects 
that they should focus primarily on the task, rather than on the verbal-reporting of their 
processes, and (d) collecting data from other sources to check for convergence of data. They 
also argue that people are aware of thinking process, and that verbal reports offer information 
that otherwise would be unavailable to the researcher. 



392 

For the present study the behaviomal or interview research instruments were reviewed and 
indicated that many concentrated on learning strategies or study skills. Hence there appeared 
a need for instruments that measured reading strategies specifically. While there is greater 
support for the 'think-aloud' concurrent procedure, a structured approach of the think-aloud 
procedure was thought to yield more information about strategy usage considering the verbal 
reticence of reading disabled students. One such procedure had been devised by Paris ( 1 991)  
to measure reading strategies and was called the think-along-passage (TAP) procedure. 

Although Paris ( 1 991)  illustrated how the TAP could be used for research purposes, he 
developed it mainly for teachers to enable them to find out how well students read or how 
they thought as they read. He suggested that any passage from regular curriculum materials 
can be modified to be a TAP, so long as questions similar to those used in his measure are 
asked. Essentially the TAP involved students reading aloud to teachers who asked 
interspersed questions that probe comprehension, cognitive strategy use, and explicit 
knowledge of strategies 

One limitation of Paris' ( 1 991 )  measure was that it did not measure metacognitive strategy 
use. Although the TAP procedure was devised mainly for assessing cognitive strategy use 
it can be modified to yield measures of metacognitive strategy use. Research has 
demonstrated that both metacognitive and cognitive strategies are necessary for reading 
success. For instance, Pintrich and De Groot' s ( 1 990) research suggests that cognitive 
strategy use without the concomitant use of metacognitive strategies is not conducive for 
academic performance. The cognitive strategies are essential tools to learn text, but the 
metacognitive strategies provide the monitoring and direction for their use. Consequently, it 
seems important to develop effective measures of strategy use that assess cognitive and 
metacognitive strategies independently. 

This article describes the results and the conclusions of three investigations that were 
conducted to trial a modified version of Paris' ( 1 991)  TAP measure called the Think Aloud 
Reading Strategy Use Measure (TARSUM). Three studies using different samples provide 
data on the development and psychometric properties of the T ARSUM. The first study is 
a pilot study and provides development of the measure. The second study investigates 
variations in passage difficulty so that the measure can be applied to children with a variety 
of reading skills. The third study provides further construct validation data for T ARSUM. 

STUDY 1 :  PILOT STUDY - PROCEDURAL DEVELOPMENT 

This pilot study provides an initial effort in developing the TARSUM by modifying Paris' 
( 1 99 1 )  TAP procedure to include measures of metacognitive strategy use. Part of the 
motivation for developing the T ARSUM was the need for a valid and reliable assessment 
method of cognitive and metacognitive strategies for use in both research and instruction. In 
particular, there was a need for an instrument that could be used to diagnose the strengths and 
weaknesses of achieving and underachieving readers. Items and procedures were developed 
for the T ARSUM which would measure metacognitive and cognitive strategy use. 

Essentially, the TAP involves asking students questions at predetermined points in the 
passage. The passage that was used to illustrate Paris' ( 1991)  TAP measure had five 
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comprehension and five metacognition questions. While Paris' "metacognition" questions 
were designed to measure cognitive strategy use and explicit knowledge of strategies, they did 
not measure metacognitive strategy use as the name would suggest. For instance, the question 
"If you don't know, how could you tell?" was designed to reveal strategies that students could 
use, if they reported not knowing the answer to a comprehension question. This question was 
omitted from the T ARSUM as it reflected a measure of metacognitive knowledge rather than 
strategy use. In its place the question "How did you go about looking for the answer?" was 
asked to reveal the cognitive strategies students used in their attempt to locate an answer. 

The T ARSUM included procedures as well as probes (questions indicated by asterisks at 
predetermined points in the passage), which not only assessed comprehension and cognitive 
strategy use, as in Paris' TAP measure, but also metacognitive strategy use. A number of 
researchers measure metacognitive processes (regulation) by examining students' oral reading 
behaviours such as self-correcting and altering reading rate. These behaviours were measured 
in the T ARSUM to provide an index of metacognitive strategy use. 

The scoring method for strategy use was modified for the T ARSUM. For each cognition 
question, students were awarded 1 point for each appropriate cognitive strategy they used in 
arriving at the answer instead of just 1 point irrespective of the number of strategies used. 
In addition, subjects were not awarded any points for strategies that were observed by the 
interviewer but not verbalised by the subject (e.g., scanning text, looking at title, rereading 
silently). This avoided subjective inferences being made on the part of the interviewer. 

Two passages that were appropriate for Form 2 (9th grade) New Zealand children were 
chosen to trial the TARSUM. In this pilot study, eight comprehension and eight cognition 
questions similar to those found in the TAP were generated by the researcher for each 
passage. Unlike the TAP, questions which assessed cognitive strategy use in the TARSUM 
are referred to as "cognition" questions. 

In . summary, as an initial effort in the development of a behavioural measure, the present 
study pilot tested a modified version of Paris' ( 1 991)  measure, called T ARSUM. The changes 
involved the incorporation of measures of metacognitive strategy use, and revising the scoring 
procedures. It was hoped that the results would provide some directions in which the measure 
could be improved further. This investigation was also used to establish the amount of time 
taken to administer the measures, to trial instructions given to the students, to determine the 
appropriateness and clarity of the language of the measures, and to determine the suitability 
of the passages. In addition, construct validity was explored through correlations with reading 
achievement measures and self-report reading measures. 

METHOD 

Sample 

Parent and child permission were obtained for children to participate in this investigation. 
Twenty two Form 2 children were randomly selected from an intermediate Gunior high) 
school. Subjects constituted 1 3  female and 9 male students with a mean age of 1 2 . 1 0  years 
(SD = 0.8 1 ). The students were predominantly of European descent and from middle-class 
families. Teachers were asked to classify the 22 students as either good (n = 1 3) or poor 
readers (n = 9) based on their reading performance in the classroom. 
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Instruments 

Passages 

An easy and a moderately difficult passage were used. The passage, entitled "The Moa 
Hunters" (the easy passage) was obtained from the Analytical Reading Inventory (Woods & 
Moe, 1 98 1 ). The second passage, entitled "The Volcano", was obtained from the Neale 
Analysis of Reading Ability Manual (Neale, 1989). Both passages were considered by 
teachers to be appropriate for Form 2 (9th grade) children. These passages have been used 
by other New Zealand researchers (van Kraayenoord, 1 986; L. Wilkinson, personal 
communication, April, 1 993 ). In addition, the passages were not used by participating schools 
and hence the children had not been exposed to the passages before. 

TARSUM - Interview Coding Form 

The interview coding form was used by trained interviewers to record behavioural data on 
cognitive and metacognitive strategies. Similar to Paris' ( 199 1 )  TAP procedure, the 
T ARSUM involved students reading aloud to interviewers who asked predetermined 
questions interspersed along the passage. The eight comprehension and eight cognition 
questions were asked at designated points in the passage (indicated by an asterisk). 

The questions were contained on the left hand side of the "interview coding form" with 
several strategies listed opposite each cognition question so that the spontaneous cognitive 
strategies used by students could be recorded. In addition, opposite each cognition question 
were frequency boxes in which interviewers could record the number of times students altered 
their reading rate, made errors, and self-corrected their reading. (Data on these oral reading 
behaviours was collected for each segment read between asterisks). 

Similar to the TAP, the comprehension questions assessed children' s  ability to identify the 
topic of the passage, to make a prediction within the passage, to monitor the meaning of a 
unique word, to make an inference, and to provide a summary of key ideas found in the 
passage. Students were awarded points for each comprehension question that was correctly 
answered. The maximum score for each comprehension question is provided in the interview 
coding form beside the question. The comprehension score for each question were summed 
to provide an additional measure of students' comprehension performance. Note that students' 
comprehension performance was also assessed using the PAT, which is a standardized 
achievement test. 

The cognition questions that followed children's  answers to each comprehension question 
were designed to reveal the cognitive strategies that students used. Examples of cognitive 
strategies that were examined included: rereading, predicting based on context clues, and using 
prior knowledge. The cognition questions were usually in the form "How did you know 
this?", "How could you tell?", or "How did you get your answer?" Students were awarded one 
point for each appropriate cognitive strategy that was verbalized. 

· 

Progressive Achievement Test 

Students' standardized reading achievement was assessed using one of the reading tests from 
the Progressive Achievement Test Series (PAT), namely the PAT Reading Comprehension 
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(Reid & Elley, 1 991). This test is a group administered, New Zealand (NZ) normed, paper 
and pencil scale, administered by the majority ofNZ primary and intermediate schools at the 
beginning of each school year (Beck & St. George, 1 983). Its split-half reliability coefficient 
is above .85 and the test is described as having medium to high validity in NZ (Reid, 1 993; 
Reid & Elley, 1 991).  

Reading Strategy Use Questionnaire 

The Reading Strategy Use questionnaire (RSU, Pereira-Laird, 1 996) is a 22 item scale 
containing 10  cognitive strategy items and 1 2  metacognitive strategy items. The 
metacognitive strategies subscale (RSU-meta) contained items on planning, monitoring, and 
evaluation of the student' s  own cognition; for example "I read quickly through the whole 
passage to get the general idea before I read it thoroughly". The cognitive strategies subscale 
(RSU-cog) refer to those strategies students use to integrate new material with prior 
knowledge, that is, strategies that students use to learn, remember, and understand the material 
(Zimmerman & Martinez-Pons, 1988). They include rehearsal, elaboration, and organizational 
strategies; for example, "I learn new words by picturing in my mind a situation in which they 
occur". Respondents indicate the frequency they use each strategy on a Likert-type scale 
ranging from "never" (1)  to "always" (7). 

The RSU has high internal reliability with total scale Cronbach alpha of r = .87. Internal 
reliability was moderately high for each of the subscales; r = . 73 for the cognitive subscale 

and r = .85 for metacognitive subscale. The RSU correlates significantly with measures of 
reading metacognitive knowledge (r =.46 to .53 ), reading comprehension (r =.53 to .70), and 

perceived value for reading (r = .45 to .53). 

A mean score for cognitive strategy use was calculated by summing the scores of the 1 0  
cognitive strategy items on cognitive strategy use subscale (RSU-cog) and dividing it by 10. 
Similarly a mean score for metacognitive strategy use was obtained by summing the scores 
of the 12  metacognitive items (RSU-meta) and dividing it by 12. 

Procedure 

Individual interviews were conducted with all students and each session was tape recorded. 
All interviews were conducted by the primary researcher (JP) and a research assistant. The 
research assistant received training in the interview procedure from the primary researcher. 
This involved training in the notation used to record students' oral reading behaviours, 
training in identifying the various strategy types, reviewing interview sessions conducted by 
the primary researcher and conducting practice trials under the supervision of the primary 
researcher. Any differences in coding were discussed and clarified. 

The data collection method was similar to that outlined by Paris ( 1 991).  Students completed 
the easy passage first before going on to the difficult passage. They were instructed to stop 
at predetermined points (indicated by an asterisk on the passage) where they were asked 
questions designed to reflect their comprehension and use of cognitive strategies. 

The interviewer had a similar passage to refer to while the student was reading. While the 
student read each segment of the passage or an equivalent passage, the interviewer noted on 
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his/her copy of the passage the points where errors, successful and unsuccessful self
corrections, and alterations in reading rate occurred. Each time the student stopped at the 
designated points, the interviewer also asked the student the prescribed questions for the 
segment. 

As the student answered the questions, the interviewer recorded the answer to the 
comprehension question and the presence of each strategy on the interview coding form. If 
a student used a strategy not listed on the coding form this was checked as "other" and the 
strategy was specified. After answering the questions at each designated point, students 
continued reading the next segment of text. If they failed to stop at the designated points, 
they were reminded to do so. 

Metacognitive strategy use was assessed by measuring the following variables: (a) students' 
accuracy in self-correcting self-generated errors (e.g. correcting mispronounced words or 
errors they made while reading) and (b) frequency in alterations of reading rate. Data on 
frequencies of errors, self-corrections, and alteration in reading rate was collected for each 
segment read between asterisks. The total frequency for each of the oral reading behaviours 
was calculated at the end of the interview session. 

RESULTS 

The data from the interviews generated 3 types of dependent measures: a behavioural measure 
of cognitive strategy use (T ARSUM-cog), a behavioural measure of metacognitive strategy 
use (TARSUM-meta), and a comprehension measure (TARSUM-comp). TARSUM-cog was 
calculated by summing the scores for all the cognition questions. T ARSUM-meta was 
calculated by expressing the ratio of successful attempts at self-correction to total errors 
(uncorrected errors plus unsuccessful self-corrections) as a percentage. (A frequency count 
of alterations in reading rate provided a second measure of T ARSUM-meta). T ARSUM-comp 
was calculated by summing the scores of all the comprehension questions. 

Data was collected for the easy and difficult passages. Observations indicated a number of 
the poor readers found the "Volcano" passage difficult to read and were unable to read it with 
more than 40% accuracy. Therefore, these children (3 males, 2 females) were excluded from 
further study. It was also noted that more strategic responses were generated for the 
moderately difficult passage, the "Volcano". Furthermore, it took about an hour to conduct 
interviews using the two passages. Given that excessive interview length might affect both 
student motivation and the utility of the behavioural measure for research purposes, only the 
moderately difficult passage (the Volcano) was used in future measure development. In 
addition, this passage elicited more strategic responses and had greater potential for use by 
students from other countries given the generic content. Consequently, only the results for 
the "Volcano" passage are elaborated. 

Reliability for the T ARSUM subscales were calculated for all 1 7  students by using point-by
' point percentage agreement (Cooper, Heron, & Heward, 1987). Interrater agreement was 

calculated on a question-by-question basis by dividing the number of agreements by the 
number of agreements plus disagreements, multiplied by 100. 

Interrater agreement for cognitive strategy use (T ARSUM-cog) and metacognitive strategy use 
(T ARSUM-meta) was 94.02% and 8 1 . 1 5% respectively. Overall interrater agreement for the 
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two subscales (i.e., both types of strategy use) was 94.02%. Interrater agreement for 
metacognitive strategy only utilized the self-correction measure because interrater reliability 
for determining alterations in reading rate was low (48%). Consequently, alteration in reading 
rate was dropped as a measure of metacognitive strategy use. 

Despite the small sample size, it was anticipated that if like constructs had high positive 
correlations than dissimilar constructs (i.e., cognitive-metacognitive) this would provide 
preliminary data suggesting construct validity. Table I provides correlations between the 
behavioural (T ARSUM-cog, T ARSUM-meta) and self-report strategy use (RSU-cog, RSU
meta) measures of strategy use. In general, the anticipated patterns were confirmed with 
T ARSUM-meta correlating more strongly with RSU-meta than with T ARSUM-cog. 
Similarly, TARSUM-cog correlated more strongly with RSU-cog than with TARSUM-meta. 
The strongest correlation was found between self-report measures which may suggest a degree 
of method variance. 

Table 1. Correlations among the behavioural and self-report measures of cognitive and metacognitive 

strategy use (n = 1 7)  

RSU-cog TARSUM-cog RSU-meta TARSUM-meta T ARSUM-comp PAT 

RSU-cog .33 . 67. . 1 7  .n· .63 • 

TARSUM-cog . 1 3  .24 . so· .58 • 

RSU-meta .35 .so· .67. 
T ARSUM-meta .39 .34 

Note: • indicates that the correlations are significant at p � .05 (one-tailed) . 

Correlations between each of the comprehension measures (T ARSUM-comp and PAT) and 
the behavioural and self-report measures of strategy use were also calculated. These 
correlations were statistically significant, ranging between .50 and .7 1 ,  with the exception of 
T ARSUM-meta. Of the behavioural and self-report measures, the self-report measures had 
the highest correlation with the comprehension measures. High correlations were also found 
between the comprehension measures and the behavioural measures. As expected, the 
correlation between both comprehension measures was high (r = .78.). 

DISCUSSION 

The results provided preliminary support for the reliability and validity of T ARSUM, with 
the exception of the use of alterations in rate of reading as an aspect of metacognitive strategy 
use. In addition to dropping this part of the measure, the results indicated a number of 
directions for continued development. A more comprehensive selection of metacognitive 
strategy use questions appeared necessary. Second, a monitoring device which could assess 
comprehension unobtrusively would acknowledge student's  own awareness of monitoring, 
rather than an inference of monitoring made by the researcher. The latter was considered 
important because pilot study data suggested that interviewers found it difficult to make 
accurate estimations of students' monitoring or regulation processes. Third, some very minor 
changes to the comprehension questions and general instructions were indicated because some 
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students found them ambiguous. 

Finally, "The Volcano" passage was too difficult for a number of poor readers, thus 
necessitating the creation of multiple versions of this passage to control for task difficulty. 
It was considered important that the passage should be of sufficient difficulty and length so 
as to generate more strategic responses. Research has indicated that oral reading behaviour 
can be altered significantly by text difficulty (Blaxall & Willows, 1984). Students who are 
faced with an extremely difficult passage will not be able to use context and cues to monitor 
meaning and make predictions. When the text is too difficult, poor readers are likely to treat 
the words as isolated units and fail to bring their strategies to bear on the text, making 
examination of their use of strategies difficult. This was observed in the pilot study where 
the number of strategic responses were severely hindered because some readers found the 
passage extremely difficult to read. Hence, generating multiple versions of the passage would 
enable the T ARSUM measure to be applied to children of varying reading competence. 

Before implementing these modifications, it was considered necessary to generate multiple 
versions of a passage and trial them to determine their suitability across a wide range of 
readers. 

STUDY 2 - VARIATIONS IN PASSAGE DIFFICULTY 

The results of the first investigation indicated that multiple versions of a passage were 
required to control for task difficulty and to enable T ARSUM to be applied to children of 
varying reading competence. Three criteria were thought to be important in the selection of 
the passage. As noted, the passage needed to be of reasonable difficulty and length so as to 
provide students with the opportunity to generate more strategic responses. A related issue 
was the confounding effect of task difficulty on the generation of strategic responses. Several 
researchers have noted that oral reading behaviour alters significantly when children read at 
different levels of text difficulty (Blaxall & Willows, 1984; Ng, 1 979; Williamson & Young, 
1 974). In particular, research has indicated that flexibility of strategy usage decreases for 
reading disabled or poor readers as reading material increases in difficulty (Blaxall & 
Willows, 1 984). Thus, it was considered important to equate difficulty level by having 
children read at their own "moderately difficult" level. Second, the passage selected was 
required to be typical of the type of comprehension exercises frequently used in most reading 
classrooms at the second form level. Third, the passage was required to be on an unfamiliar 
topic. This was an important consideration as prior knowledge could negate the need for 
students to employ a range of strategies when attempting to comprehend the passage and 
answer the accompanying questions. 

The passage, entitled "The Volcano", used in the pilot study was considered likely to meet 
the aforementioned considerations. This investigation developed three versions of "The 
Volcano" passage. As it was considered impractical and time consuming to determine the 
reading age and the appropriate version to be used for large numbers of students, it was 
decided to administer the versions according to preset criteria, using achievement test scores. 

METHOD 

Sample 

The sample consisted of 33 randomly selected Form 2 (9th grade) students from two junior 
high schools in the Manawatu district. Fourteen were males and nineteen were females. The 
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majority of students were of European descent (87%) whilst 1 3% constituted non-Europeans 
(Maoris, Asians and others).  This was generally consistent with the population parameters 
in New Zealand. 

Instruments 

Standardized measure of reading achievement 

As in the pilot study, the PAT reading comprehension scores of each child was obtained from 
school records. 

Passages 

Three versions of the passage entitled "The Volcano" were generated and rewritten at three 
different readability levels, in order to exercise some control over task difficulty. Prior to 
generating the versions, six textual irregularities were inserted to measure metacognitive 
strategy use and a third paragraph was appended so as to lengthen the passage. The textual 
irregularities consisted of 2 textual inconsistencies, 2 nonsense words, and 2 scrambled words. 
In creating the versions, some of the words and sentences from the original passage were 
rephrased and modified to reduce difficulty of the passage. Essentially the story line was the 
same for all the versions. Every attempt was made to include all information in the three 
versions and to maintain a comparable length. As a result, length ranged from 21 1 to 243 
words with small differences in the number of idea units expressed. The 3 versions of the 
passage differed only in difficulty of the vocabulary words with version 1 being the hardest 
and version 3 being. the easiest (see Appendix A). 

The versions were created so that students reading their version found it moderately difficult 
rather than too difficult or too easy. Previous researchers have used 95% or above in 
accuracy and 75% or above in comprehension for the easy passage (Ng, 1 979; van 
Kraayenoord, 1 986), and 90% or below in accuracy and 50% or below in comprehension for 
the difficult passage (Johns, 1 98 1 ;  van Kraayenoord, 1 986). For this investigation, a set of 
criteria had to determined for a moderately difficult passage. It seemed reasonable to set the 
criteria somewhere in between those set for the easy and difficult passage. Hence for this 
investigation the passage criteria was set at above 90% in accuracy and above 50% in 
comprehension to be considered moderately difficult. The accuracy score consisted of the 
proportion of correctly read words in a passage expressed as a percentage of the total number 
of words. Errors which had been successfully corrected were not included in the error count. 

Procedure 

One-to-one interviews were conducted by the researcher with each child and the sessions were 
tape recorded. For each student, the appropriate version of the passage was determined using 
the following criteria. The first version was used for the group of students who scored at or 
above the 70th percentile for .PAT Reading comprehension. The second version was used for 
the group of students who scored at or above the 45th percentile but below the 70th percentile 
for PAT Reading comprehension. The third version was used for the group of students who 
scored below the 45th percentile for PAT Reading Comprehension. 

After students had read the passage, they were asked eleven questions on the passage to assess 
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their understanding. The comprehension questions assessed similar aspects to those in the 
pilot study. In addition, students were asked to rate the difficulty of the passage, using the 
"Passage Difficulty Ratings". Four questions were asked of students to examine the perceived 
difficulty of the passage. Two questions were worded in the affirmative and two in the 
negative to control for potential response bias. The questions were: (a) How hard did you 
find this passage to read? (b) How comfortable did you feel in reading this passage? (c) How 
hard is it to understand this passage? and (d) How easy were the words in this passage to 
pronounce? Subjects responded on a 7-point Likert scale ranging from "not at all 
hard/uncomfortable", 1 ,  to "very hard/uncomfortable", 7. The scales were presented in the 
reverse direction for negatively worded items. 

RESULTS AND DISCUSSION 

Following the interviews, the tapes were transcribed. The number of successful/unsuccessful 
self-corrections and uncorrected errors were calculated. Using this information, students' 
accuracy in reading was calculated by expressing the proportion of correctly read words as 
percentage of the total number of words in the passage. Errors which had been successfully 
corrected were not included in the error count. In addition, a score for comprehension 
accuracy was calculated by summing the scores of all the comprehension questions (maximum 
score = 1 5).  

All items were scored such that higher scores represented greater difficulty or discomfort. 
Table 2 provides means and standard deviations for each difficulty rating item, overall ratings 
of difficulty, comprehension accuracy and accuracy of reading for each of the reading 
achievement groups. 

Table 2. Difficulty ratings, reading and comprehension accuracy obtained for each passage version 

D ifficult/comfort 
items, reading Passage versions 
accuracy, 

comprehension I (n = 1 0) 2 (n = 1 0) 3 (n =13) 
M (SD) M (SD) M (SD) 

How hard to read? 3.4 ( 1 . 1 )  4 . 1  (0.9) 4.0 ( 1 .3) 

How uncomfortable 3.5 (0.8) 3 .9 ( 1 . 1 )  4 . 1  ( 1 .4) 
to read? 

How hard to 3.2 ( 1 .0) 3 .5 (1 .5) 3.5 ( 1 .0) 
understand? 

How difficult to 3.8 (0.8) 4.3 ( 1 . 1 )  4 2  ( 1 .3) 
pronounce? 

Overall rating of 3.47 (0. 7 1 )  3 .95 ( 1 .0) 4.00 (0.98) 
difficulty 

·\ 

Comprehension 1 0.59 (2.0) 9.89 ( 1 .5) 9.75 ( 1 .6) 
accuracy 

Accuracy of reading 96.3% ( 1 .4) 95.0% (2. 1 )  96.3% ( 1 .8) 

Note: A rating of I indicates "not at all hard/um;omfortable" and a rating of 7 indicates "very hard/uncomfortable". 
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The results indicated that most students who fell within each of the three reading achievement 
groups met both the accuracy and comprehension criteria for their version of the passage. In 
general, students in each of the groups rated their version of the passage as being moderately 
difficult to read, understand, and pronounce as in_dicated by mean scores ranging from 3.2 to 
4.3 on the 7-point Likert-type items. A series of one-way ANOVA's indicated no significant 
differences between the three groups on all items suggesting a degree of passage equivalence 
for students at different reading comprehension achievement levels. 

STUDY 3 - VALIDATION OF THE TARSUM 

The pilot study suggested: (a) questions tapping cognitive strategy use had acceptable 
reliability and validity; (b) the metacognitive measure "altering reading rate" had low 
reliability and should be discarded; (c) a more comprehensive selection of metacognitive 
strategy use questions was required; (d) a monitoring device might help to monitor 
comprehension unobtrusively; and (e) the passage was too difficult for a number of reading 
disabled and poor readers, thus necessitating the creation of multiple versions of the passage 
to control for task difficulty. Study 2 suggested that the three versions that were created 
were of moderate difficulty and demonstrated that the preset criteria that were used in 
administering the versions to students of varying reading ability was acceptable. 
Consequently, Study 3 aimed to incorporate these improvements. 

In formulating further measures of metacognitive strategy use, a review of the literature on 
error detection was undertaken. The error detection paradigm has been used by several 
researchers in investigating metacognitive strategy use. It is presumed that good cognitive 
monitoring reflects the ability to identify and correct errors and is thus a measure of 
metacognitive regulation. One useful approach to gathering data on metacognitive self
regulation processes involves altering texts (e.g. ,  inconsistent text, nonsense words) to include 
impediments to comprehension and then seeing if students notice them (Baker, 1 985;  Baker 
& Brown, 1984; Zabrucky & Ratner, 1 986). The assumption is that if students are engaging 
in · monitoring activities, they will notice the inconsistency or irregularity and take some 
corrective action. Studies of awareness of deliberately inserted ambiguities, inconsistencies 
and errors have shown that both good and poor readers do monitor their comprehension; that 
is, detect inconsistencies (e.g., Bos & Filip, 1 984; Winograd & Johnston, 1982). However, 
poor readers and reading disabled students do not monitor their reading spontaneously (e.g., 
Bos & Filip, 1 984; Zabrucky & Commander, 1993). Thus, the present study incorporated the 
error detection paradigm as one method of collecting data on metacognitive strategy use. 
Questions designed to elicit students' monitoring of an inconsistency or irregularity in the text 
were termed as "metacognition" questions. 

Study 3 was conducted to determine the psychometric properties of T ARSUM. Construct 
and discriminant validity . were evaluated through correlations with several achievement 
measures, reading strategy use, perceived value, and anxiety, efficacy, and metacognitive 
knowledge. 

METHOD 

Subjects 

The sample consisted of 1 39 randomly selected Form 2 (9th grade) students from four 
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intermediate Gunior high) schools in the Manawatu district. Subjects (45.3% males and 
54.7% females) were aged approximately 12  years (M = 12.48 years, SD = 0.32). The 
majority of students were of European descent (87%) whilst 13% constituted non-Europeans 
(Maori, Asian and others), again consistent with NZ population parameters. 

Measures 

Achievement 

Academic achievement 

Students' academic achievement was assessed using four of the seven tests of the Progressive 
Achievement Test Series (PAT). The PATs that were used in the present study included 
Reading Comprehension (Reid & Elley, 199 1 ), Reading Vocabulary (Reid & Elley, 1 99 1 ), 
Reading Study Skills (Reid, Croft, & Jackson, 1 978), and Mathematics (Reid, 1 993). These 
tests are group administered, NZ normed, paper and pencil scales, administered by the 
majority of NZ primary and intermediate schools at the beginning of each school year (Beck 
& St. George, 1 983). Their split-half reliability coefficients are above .85 and the tests are 
described as having medium to high validity in NZ (Reid & Elley, 1 99 1 ;  Reid, 1 993). 

Classroom reading performance 

Teachers provided gradings, expressed as a percentage, for students' performance on different 
reading tasks in the classroom. These tasks fell into three general categories: in-class 
seatwork, quizzes and tests, and assignments and projects. An average score for the three 
categories was calculated with high scores representing good reading performance. 

Reading Strategy Use Questionnaire 

Described in the pilot study. 

Perceived value 

Eleven items, similar to those used by Pintrich and De Groot (1990) in their intrinsic value 
scale, were used to assess students' perceived value of reading. Whereas Pintrich and De 
Groot asked reactions to general academic work, students in this study were questioned 
specifically about reading. Items concerning the value of reading assessed perceived 
usefulness, importance, and inherent interest. In the present study, the scale had high internal 
consistency with a Cronbach's alpha of .89. 

Anxiety 

The reading anxiety scale (RAS) was adapted from Pintrich and De Groot's ( 1990) test 
anxiety scale to create an instrument which was reading-specific and appropriate to 
intermediate aged children. The RAS consists of 1 1  items of which four were negatively 
worded to control for response bias. Scoring of the negative items was reversed so that a 
high score indicated low anxiety. In the present study, Cronbach's alpha was .93 . 
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Task-specific reading self-efficacy scale 

The six-item Task-specific Reading Self-efficacy Scale (TRSE; Pereira-Laird & Deane, 1 995), 
measured self-efficacy for reading. Children' s  self-efficacy for reading different materials 
(e.g., an encyclopedia, a 1 50 page novel, a letter from a friend, etc.) was measured on a scale 
that ranged from 0 to 1 00 in 1 0-unit intervals from high uncertainty to complete certainty. 
The scale has high internal consistency with Cronbach alpha of . 9 1 .  The scale shows high 
validity as is demonstrated by. its moderately high correlations with measures of reading 
comprehension (r = .75), perceived value (r = .63), and anxiety (r = -.74). The psychometric 
properties of this scale are provided in Pereira-Laird and Deane (1 995). A task-specific self
efficacy score was obtained by calculating the mean. 

Metacognitive knowledge 

The Metacomprehension Strategy Index (MSI), developed by Schmitt ( 1 988, cited in Schmitt, 
1 990) is a 25-item, four-option multiple-choice questionnaire with one option representing 
metacomprehension awareness ( 1  point) and the other three options representing inappropriate 
responses (0 points). Scores for the 25 items on the MSI were combined to produce a total 
score ranging from 0 to 25 points. It was developed by Schmitt to evaluate young adolescent 
students' awareness of metacomprehension strategies before, during, and after reading a 
narrative prose. The MSI assesses students' metacognitive awareness within six broad 
categories: purpose setting; predicting and verifying; previewing; using background 
knowledge; summarizing and applying fix-up strategies; and self-questioning. The MSI has 
been widely used by a number of researchers (Baumann, Seifert-Kessell, & Jones, 1 987; 
Horrex, 1 992; Lonberger, 1 988). 

The MSI has been reported to have an internal consistency value of .87 using the Kuder
Richardson Formula 20 (Lonberger, 1 988). Statistically significant correlations were found 
between the MSI and the IRA (r = .48, p � .00 1 ). Furthermore, statistically significant 
correlations were found between the MSI and two comprehension measures commonly used 
to measure students' metacomprehension ability, an error detection task (r = .50, p � .001 )  
and a cloze task (r = .49, p � .001) .  

Minor modifications were made to the wording of the MSI to improve the face validity of this 
questionnaire for Form 2 New Zealand children. The alterations acknowledged not only 
narrative prose reading, but also textbook/book reading. For example in item 2 (A), instead 
of 'Look at the pictures to see what the story is about' , the item was changed to 'Look at the 
pictures or diagrams to see what the chapter is about' . Items 2 and 20 were deleted for the 
present study to improve the reliability of the scale. Internal consistency of the measure for 
the current study yielded a Cronbach's alpha of .72 for the whole sample. 

TARSUM 

Three instruments, namely a reading passage, a monitoring device called a "bleep", and an 
interview coding form, were required to conduct the taped concurrent interview which was 
designed to measure students' strategy usage. The three passages developed in Study 2 were 
used. Students were instructed to read aloud a passage (appropriate for their reading age) 
which was tape recorded by the interviewer. While reading, students were stopped at 
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designated points by the interviewer who asked questions that probed their comprehension, 
metacognitive strategy use, and cognitive strategy use. Interviewers recorded students' 
answers to the comprehension and cognitive/metacognitive strategy use questions on the 
interview coding form. Children used a device called a "bleep" to indicate awareness of 
monitoring their comprehension (by pressing a button). 

Passage 

Three versions of the passage "The Volcano" as used in Study 2. 

Monitoring Device (bleep) 

An unobtrusive measure of monitoring was sought to determine students' awareness of errors 
in the passage while reading with minimal disruption in the flow of reading. It was 
considered important that such a measure should only minimally interfere with the cognitive 
processing undertaken during reading. Furthermore, it should have validity in that it was an 
acknowledgement of the student's own awareness of monitoring rather than an inference of 
monitoring that the researcher made on the basis of puzzled looks or the like. 

The bleep was considered a suitable instrument which might fulfill these requirements had 
been used previously by researchers to investigate on-line monitoring (e.g., van Kraayenoord, 
1 986). It consists of a red button placed on top of a small rectangular container. When the 
button is pressed an audible sound is heard. The students were asked to press the button or 
"bleep" when they came to any errors (textual inconsistencies, scrambled words, or nonsense 
words) in the text. This allowed for subsequent coding of monitoring behaviour with minimal 
disruption of students' flow of reading or cognitive processing. 

Interview coding form 

The interview coding form was utilised in the same manner as described in the pilot study but 
with the addition of several questions to better assess strategy use. Eleven comprehension, 
twelve cognition, and nine metacognition questions were used in this study (see Appendix B 
for sample questions). The comprehension questions, which usually formed 'part a' of the 
questions in the interview coding form, were identical to those used in Study 2. The 
cognition questions, which usually formed 'part b' of the questions in the interview coding 
form, were similar to those in the pilot study. Also found were questions that were designed 
to elicit metacognitive strategy use; these were termed "metacognition" questions and followed 
after segments of text which contained textual inconsistencies, scrambled words, or nonsense 
words. Thus, the interview coding form was equivalent to that used in the pilot study except 
that it now contained metacognition questions, with a list of strategies listed opposite it; 
frequency boxes for recording oral reading behaviour were omitted. Scoring procedures for 
comprehension questions are identical to those used in Study 2, whilst scoring procedures for 
cognition questions are identical to those used in the pilot stutly. 

The metacognition questions assessed two types of activities involved in metacognitive 
strategy use: monitoring and planning. Evaluation strategies, which are also a form of 
monitoring, were also measured. Monitoring questions were asked at designated points where 
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the previous segment just read contained textual inconsistencies, nonsense or scrambled words. 
Planning and evaluation questions were asked after the passage was read. 

To assess monitoring 'strategies, the passage was modified to include two sets each of textual 
inconsistencies, scrambled words, and nonsense words. Such a method has been used quite 
extensively by researchers to monitor comprehension (Bos & Filip, 1984; Zabrucky & Ratner, 
1 986). Students used a monitoring device (a bleep) to indicate any errors and disruption of 
understanding as they read the passage. 

For the monitoring questions, students were asked "Why did you bleep?" or "What are you 
thinking here?'' depending on whether they bleeped. (The second question was asked to take 
into account students who forgot to bleep but who may have been aware of the error in the 
text). Two of the six monitoring questions were followed by prompts. The monitoring 
questions assessing the first textual inconsistency and nonsense word were followed by 
prompts ("Do you agree with the sentence?" or "Is there such a word as urgsy?") for students 
who did not show awareness. Irrespective of whether students bleeped or not, two points 
were awarded for every verbalisation of awareness and correction by the student of scrambled 
words or textual inconsistency without prompting. Students were awarded only one point 
if they indicated awareness that something was wrong but was not able to correct the error 
or showed awareness and correction only after being prompted. One or two points were 
awarded for a verbalisation of awareness of the nonsense words depending on whether 
students were prompted. 

The planning activity of metacognitive strategy use was assessed by an evaluation of the 
students' recall and summary of the story. A student who has planned the answer well is 
likely to deliver the main points and organize the ideas in recall. It is unlikely that the 
student is metacognitively aware if he/she knows that relating main points is a useful strategy 
but uses it indiscriminately by mentioning the irrelevant points and/or the details or presents 
the points in a disorganized manner. Hence, students were awarded 1 point if they had listed 
most of the main points in an organized manner. An answer was considered organized if the 
main points related by the student followed in a similar and logical order as that presented 
in the story. 

To assess evaluation activities of metacognitive strategy use, two questions were generated. 
The first assessed students' subjective evaluation of difficulty of the passage they had read, 
and the second assessed students' evaluation of the accuracy of their answers to the 
comprehension questions. The first evaluation question asked students which of the three 
paragraphs they found hardest to read. An objective measure of student's  difficulty of each 
paragraph was determined by calculating students' accuracy in reading each paragraph. One 
point was awarded if the paragraph mentioned by the student was read less accurately than 
the other paragraphs. If students had similar accuracy across paragraphs, mean comprehension 
scores for each paragraph were used as an alternative criterion. The second evaluation 
question asked students to indicate which of the 1 1  comprehension questions they had 
answered correctly. Students were awarded 1 point for each correct evaluation and 0 points 
for an incorrect evaluation. For the present study, this was done by the primary researcher 
at the end of the interview with interrater reliability subsequently assessed by an independent 
rater (see Results section). 

In summary, the questions found on the interview coding form were designed to probe 
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comprehension as well as cognitive and metacognitive strategy use. The cognition questions 
which usually followed the comprehension questions, were designed to examine a number of 
cognitive strategies (e.g., predicting, using context clues). A number of indicators of 
metacognitive strategy use were also examined: (a) monitoring understanding when faced with 
textual inconsistencies, (b) monitoring errors and meaning when faced with scrambled words, 
(c) monitoring meaning when faced with nonsense words, (d) planning the summary of the 
story, (e) evaluating the difficulty of the paragraphs, and (f) evaluating how successful 
students were at answering the comprehension questions of the passage. 

Two strategy use scores were computed for the interview measure. A cognitive strategy use 
score (T ARSUM-cog) was computed by adding the scores of the twelve cognition questions. 
A metacognitive strategy use score (T ARSUM-meta) was computed by adding the scores of 
the nine metacognition questions. 

Procedure 

Administration of the questionnaire and T ARSUM took place in the beginning of the school 
year. Students in each school were first administered a questionnaire containing self-report 
strategy use, metacognitive knowledge, perceived value, anxiety, and self-efficacy measures 
in groups of 1 5  - 20, during one 50 minute session. In the first section, self-report cognitive 
and metacognitive strategy use items were presented in a random order to avoid response set. 
The self-report strategy use measure was presented before the metacognitive knowledge items 
(section 2) so as not to cue students about potentially useful strategies. The third section 
contained the perceived value and anxiety items which were presented in random order to 
control for potential response bias. Finally, the fourth section contained items measuring self
efficacy. 

The measures were read out to each group by the researcher to ensure standardized 
presentation and to minimize reading difficulties. A short training sequence preceded the 
administration of each measure, in order to familiarize students with the use of the response 
format. Students were instructed to raise their hands if they had difficulty in understanding 
the item or wanted a particular item repeated. The students were continuously observed in 
order to ensure that they were comprehending what was being read out and that they were 
attentive during testing. At the end of the session, students were instructed to check that all 
items had been answered. After the questionnaires were returned the researcher also ensured 
that all items were answered by each student. 

A number of procedures were followed to improve the validity of the self-report data obtained 
from students (see Assor & Connell, 1 992). Before the administration of the questionnaire, 
students were briefed on the reasons for conducting the study. In age appropriate terms 
students were informed about confidentiality of their results, use of grouped fmdings when 
results were reported, and that any answers they gave to the questions were acceptable as long 
as they were reporting what they really believed. 

Within a week of completing the questionnaires, the T ARSUM was administered to provide 
a behavioural measure of students' use of strategies. The interviews with each student were 
conducted by the primary researcher (JP) and four trained interviewers who were all 
postgraduate psychology students. Interviews typically took 25 minutes to complete. The 
interviewers were familiarized with the procedure, notation (in recordi�g oral reading 
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behaviours), and the strategy types. Detailed verbal explanations were provided to the raters 
and any points of confusion were clarified. The interviewers then listened to a recording of 
one of the interview sessions (which was pilot tested with a student not included in the study) 
and were asked to transcribe the session onto the interview coding forms. Points of confusion 
and disagreement were discussed and clarified. 

Students came to the interview room individually and were given a short training session to 
familiarize them with the use of the monitoring device before the T ARSUM was 
administered. The interviewer demonstrated how the bleep should be used. Students were 
then provided with three short sample texts and asked to bleep (press the button), while they 
were reading, when they came to a part of the text that had an error. In addition, they were 
asked what was wrong with the text at the points they bleeped. If the student did not bleep 
at the appropriate points, the student was told where he/she should have bleeped and why. 
During each trial, the interviewer observed whether or not the button was pressed at the 
appropriate points. If the button had not been pressed, the student was asked to consider the 
trial again and indicate where a bleep should have been made. The interviewer ensured that 
students knew when to press the bleep before proceeding to the T ARSUM. 

During the T ARSUM procedure, while the student read each segment of the passage, the 
interviewer indicated on his/her copy of the passage the points where bleeps, errors, successful 
and unsuccessful self-corrections were made by the student. The reasons the students gave 
for bleeping were recorded on the coding form. 

While the student answered the prescribed questions, the interviewer scored the student's 
answer to the comprehension question and recorded the presence of each strategy articulated 
by the student. If the strategy mentioned was not listed this was described in the "other" 
category. Students were instructed to continue reading the next segment after answering the 
questions at each designated point. If they failed to stop at the designated points, they were 
reminded to do so. 

Encouragement was given for effort made and if a student was fully aware that he/she had 
done poorly on a question, the interviewer would say, "Many students fmd this one hard, 
don't worry" .  However, no indication was given as to whether their answers to the 
comprehension questions were right or wrong so as not to invalidate subsequent attempts to 
evaluate their responses to the comprehension questions. If the student's  answers were 
unclear, the interviewer would request for more detail with prompts such as "How do you 
mean?'' or "Tell me more about it" . 

All interview data were coded and scored by the researcher to obtain a total score each for 
comprehension, cognitive strategy use, and metacognitive strategy use. 

RESULTS 

Reliability 

Twenty percent (n = 28) of each interviewer's coding forms were randomly subjected to 
reliability checks by the researcher. Reliabilities for occurrence and categorisation of 
strategies were calculated using the point-by-point percentage agreement method (Cooper et 
al., 1 987). lnterrater agreement was calculated on a question-by-question basis by dividing 
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the number of agreements by the number of agreements plus disagreements, multiplied by 
1 00. 

Mean interrater agreement for the occurrence and categorisation of cognitive strategies was 
94.5% (range 90.3% - 1 00%) and 87.6% (range 85.0% - 9 1 .4%) respectively. Mean interrater 
agreement for the occurrence (mean = 100%) and categorisation (mean = 97.6%, range = 
95.7% - 1 00%) of the monitoring and planning strategies was higher than for cognitive 
strategies. Interrater agreement was also sought for comprehension scores, bleeps, and for 
oral reading behaviours. Similar to procedures used in van Kraayenoord (1 986), interrater 
agreement on oral reading behaviours consisted of the number of uncorrected errors and the 
number of successful and unsuccessful self-corrections where there was agreement as to the 
site of the error or self-correction. Mean interrater agreement was 9 1 .6% (range = 89.9% -
95.0%) for comprehension scores, 1 00% for bleeps, 91 .5% (range = 87.4% - 96.3%) for 
successful self-corrections, 90.6% (range = 87.5% - 93.4%) for unsuccessful self-corrections, 
and 93 .7% (range = 91 .9% - 97.0%) for uncorrected errors. The percentage agreements for 
the oral reading behaviours compare favourably with reliability in other New Zealand studies 
(van Kraayenoord, 1 986). In addition, the fmding that more bleeps occurred at predetermined 
points (93.6%) provided a validity check that students were using the bleep correctly. 

Reliability checks for the aforementioned categories were again made using an independent 
rater, a postgraduate psychology student who was not one of the original interviewers. 
Interrater agreement on the evaluation activities of metacognitive strategy use was also 
collected. The independent rater received the same training as other interviewers. 

Ten percent of the 1 39 student's recordings (n = 14) were randomly selected for the reliability 
check. Comparisons of agreement were made on several variables using the reliability 
formula as used previously. Mean reliability coefficients for all variables ranged between 
93.2% and 1 00%. The percentage agreement between raters is as follows: 95.8% and 94.2% 
for the occurrence and categorisation of cognitive strategies respectively, 1 00% and 97.3% 
for the occurrence and categorisation of metacognitive strategies respectively. Interrater 
agreement for oral reading behaviours included: 95.6% for comprehension scores, 93 .2% for 
successful self-corrections, 94.6% for unsuccessful self-corrections, and 96.2% for uncorrected 
errors. 

Procedural validity was also assessed by the researcher in terms of the appropriateness of the 
interviewer's verbalizations during the taped section of the interview. Interviewer 
verbalizations were categorized into correct prompts, incorrect prompts and other 
verbalizations. Incorrect prompts occurred when (a) student's comprehension answers were 
prompted or corrected, (b) the interviewer gave some indication that the student had answered 
the question correctly, (c) where the interviewer prompted the student as to type of strategy 
that had been used, or (d) the interviewer had prompted the student to bleep at the appropriate 
points. Other verbalizations referred to verbalizations not related to the T ARSUM. 

Each verbalisation was categorised and recorded using 1 5-s intervals in a partial-interval · \ 
recording procedure (Cooper et al., 1 987) for five minutes of 1 0% of the audiotaped sessions 
(n = 1 4). The five minute segments were randomly selected from each 25 minute interview 
session. Rater agreement was calculated on an interval-by-interval basis using point-by-point 
agreement ratio method (Cooper et al., 1 987). High validity was indicated as 94.7% of the 
interviewer verbalizations were correct, 3 .3% were incorrect, and 2% were other 
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verbalizations. There was 1 00% interobserver agreement (as determined by the primary 
researcher and the independent rater) on the categorisation of interviewer verbalizations. 

Construct and Discriminant Validity 

The scores on the TARSUM-cog (M = 1 1 .57, SD = 1 .98 ) and the TARSUM-meta (M = 
1 7. 8 1 ,  SD = 3.84) scales were distributed normally. Qualitative examination of the data 
revealed that students used a variety of cognitive and metacognitive strategies in reading. In 
addition, the findings revealed that even though some readers reported using main ideas in 
retelling the story, they were less successful in distinguishing main ideas from important 
details. Thus, for effective performance, students may require more than reading-oriented 
cognitive strategies; they may need metacognitive strategies that oversee the use of cognitive 
strategies. 

Correlations between the T ARSUM scores and self-report strategy use, achievement, perceived 
value, anxiety, efficacy, and metacognitive knowledge were computed and are presented in 
Table 3 .  Due to listwise deletion, correlations between the TARSUM measures and the 
criterion variables were based on a sample of 1 36. However, for PAT mathematics and PAT 
reading study skills, correlations were based on a sample of 1 1 8 due to some missing data. 
All correlations were significant, p ::; .001 using two-tailed tests. 

Validation of T ARSUM requires demonstrating theoretically consistent patterns of 
relationships between the behavioural strategy use measures and external criteria. Consistent 
with a construct validation approach, this requires that a strategy use measure be highly 
correlated with criteria to which it is closely related theoretically (convergence) and less 
highly correlated with other criteria (divergence). This pattern is clearly seen in the 
correlations between the strategy use variables and the three reading achievement areas (see 
Table 3). The PAT measures of reading comprehension, vocabulary, and reading study skills 
were more strongly correlated with the behavioural measures of cognitive/metacognitive 
strategy use than Mathematics achievement. 

Table 3. Correlations between T ARSUM strategy scores and criterion constructs 

Criterion measures TARSUM-meta TARSUM-cog 

RSU-meta .56 .53 
RSU-cog .44 .69 

metacognitive knowledge .47 .37 
PAT Reading Comprehension .53 .61 
PAT Vocabulary .49 .55 
PAT Study Skills. .5 1 .50 
PAT Mathematics 

. 
.36 .40 

perceived value .40 .54 
anxiety -.4 1 -.52 
self-efficacy .49 .50 

All correlations were highly significant (p !:: .001) at the two-tailed level. 
Correlations between the strategy use subscales for the behavioural(TARSUM-cog, TARSUM-meta) 
and self-report (RSU-cog, RSU-meta) measures were .46 and .60, respectively. 
• Correlations were based on a sample of 1 18, all other c::orrclations were based 
on a sample of 136. 
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Besides the correlations with achievement, the correlations between the T ARSUM and RSU 
strategy use subscales suggest that the T ARSUM is a valid measure of cognitive and 
metacognitive strategy use. The correlational patterns between the self-report and the 
behavioural strategy use measures were similar to those found in the pilot study. For example 
T ARSUM-meta correlated more strongly with RSU-meta than RSU -cog or T ARSUM-cog. 
Similarly, TARSUM-cog correlated more strongly with RSU-cog than with RSU-meta or 
T ARSUM-meta. In general, the correlations between the T ARSUM cognitive/metacognitive 
strategy measures and their self-report counterpart were higher than the correlation of each 
of the strategy scores with the other criterion measures. Again as in the pilot study, one of 
the strongest correlations was found between the self-report strategy use subscales, suggesting 
a degree of method variance. 

The correlations of the cognitive/metacognitive strategy use scales with motivational-related 
constructs, such as anxiety, perceived value for reading, and self-efficacy, also defme a pattern 
of correlations that supports the construct validity of interpretations based upon responses to 
the strategy use scales. Students who are more strategically engaged experience low anxiety, 
view reading positively, and feel more efficacious. 

Support for construct validity of the T ARSUM is also demonstrated by the statistically 
significant correlations between metacognitive knowledge and the strategy use measures of 
T ARSUM. These findings suggest that students who engage in strategy use are often more 
knowledgeable about reading. Also worthy of note is that the criterion measures correlated 
more strongly with TARSUM-cog than with TARSUM-meta. This fmding suggests that 
cognitive and metacognitive strategy use may be differentially related to achievement and 
motivation 

Predictive validity of the scales was obtained by correlating the T ARSUM measures with 
classroom marks obtained from teachers towards the end of the school year. Classroom marks 
correlated .47 with TARSUM-meta and .48 with TARSUM-cog. These significant moderate 
correlations attest to the predictive validity of the subscales. 

DISCUSSION 

This article describes the development and psychometric characteristics of the T ARSUM 
which was designed to assess both metacognitive and cognitive strategies in the domain of 
reading. Despite great interest in reading strategy use, relatively few validated tools have 
been developed for the assessment of this construct. The T ARSUM has several unique 
features. First, it is a reading specific measure of strategy use. Second, it is one of the few 
behavioural measures that assesses cognitive and metacognitive strategy use independently. 
Third, it is probably one of the few reading strategy use measures normed with young 
adolescent children. 

Interrater agreement data suggests that the T ARSUM can be reliably coded. Procedural 
validity was also demonstrated. Attempts to enhance the construct validity of the T ARSUM 
were made by deriving the measure from cognitive and metacognitive theory. One of the 
advantages of the T ARSUM over most other strategy use measures is that it is a domain 
specific rather than a global indicator of strategy use. This is particularly important as there 
is evidence in educational research for the separation of strategy use between different 
academic areas (Alexander & Judy, 1 988; Lester, 1 988). In addition, many researchers and 
theoreticians emphasize that both generic and domain- or content-dependent strategies must 
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be identified and taught (e.g., Gagne, 1 985; Glaser, 1 984). 

There has been much debate over differentiating cognitive strategy use from metacognitive 
strategy use (St. George, van Kraayenoord, & Chapman, 1 985). Even though these two types 
of strategy use have been distinguished empirically in a large number of research studies (e.g., 
Anthony, 1994; Pokay & Blumenfeld, 1 990; Zimmerman & Martinez-Pons, 1 990), some 
researchers still contend that they are indistinguishable (e.g., S. G. Paris, personal 
communication, 1 995). The moderately high correlation between the cognitive and 
metacognitive strategy subscales (r = .46 for T ARSUM and r = .60 for RSU) found in this 
study suggest that they are related but still form distinct constructs. Further indirect support 
is provided by the fmding that cognitive strategy use is more strongly related to most of the 
criterion measures than metacognitive strategy use, suggesting that each strategy use 
component may be differentially related to reading performance and motivation. This finding 
is consistent with previous research (Pokay & Blumenfeld, 1990). 

There has also been considerable debate in the last two decades about the distinction between 
the twin components of metacognition: metacognitive knowledge and metacognitive strategy 
use (Brown, 1 987; Brown & Palincsar, 1 982; Lawson, 1 984). The fmdings of this study 
reveal that these components of metacognition are related but were differentially related to 
cognitive strategy use. As expected, metacognitive knowledge was more strongly related to 
metacognitive cognitive strategy use than cognitive strategy use. The pattern of fmdings 
were consistent with theory and empirical fmdings (Comoldi, 1 990; Cross & Paris, 1 988; 
Schraw & Dennison, 1994). 

Convergent validity for cognitive and metacognitive strategy use was supported by expected 
correlational patterns between the self-report and behavioural strategy use measures. This was 
demonstrated by the behavioural strategy use subscales having higher correlations with their 
self-report counterpart. Several researchers have documented that self-reported strategy use 
is significantly correlated with observable strategy use (e.g., Justice & Weaver-McDougall, 
1 989). Concurrent validation of the TARSUM was supported by substantial correlations with 
criterion measures. The fmd�gs relating to the relationships between the T ARSUM and 
motivational-related constructs such as anxiety, perceived value, and self-efficacy were 
consistent with previous research (Ames & Archer, 1 988; Pintrich & De Groot, 1 990; Pokay 
& Blumenfeld, 1 990; Tobias, 1 985). That is, metacognitive and cognitive strategy use are 
moderately and positively related to perceived value and efficacy but negatively related to 
anxiety. 

As expected the T ARSUM scores correlated higher with the reading achievement measures 
(comprehension, vocabulary, reading study skills) than with the mathematics achievement 
measure, suggesting discriminant validity. The statistically significant relationship between 
metacognitive/cognitive strategy use and achievement is consistent with previous research 
(Brown, Bransford, Ferrara, & Campione, 1 983;  Pressley, Symons, Snyder, & Cariglia-Bull, 
1 989; Pressley et al. ,  1990). 

Finally, the subscales seem to show promising predictive validity. The scales were related 
to classroom reading performance in the expected directions. These significant, albeit 
moderate correlations with reading achievement are satisfactory, given the multiplicity of 
factors that are related to reading achievement. 

The present study extends previous research in two primary ways. First, it examines the 
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relationship between student's reported strategy use on paper-and-pencil instruments with their 
reported strategy use in individual interviews. Most researchers have theorized that students' 
actual strategy use is related to their reports in concurrent versus retrospective interviews 
(Garner, 1 987; Pressley et al., 1 990). This hypothesis was supported in the present study. 
Second, unlike previous research which has relied on standardized tests (e.g., Paris & Oka, 
1 986), this study included both standardized reading achievement test scores and classroom 
marks as indicators of reading performance. The use of a standardized reading test as the sole 
measure of comprehension in previous research has raised some concerns (DeFina, Anstendig, 
& DeLawler, 1 991). It is argued that children are generally well aware of their classroom 
marks while they are often not informed of their standardized test scores. Therefore, if 
strategy use is presumed to influence performance, it is more likely that this relationship 
would be more accurately modeled when classroom marks are included as one measure of 
achievement. 

There were a number of limitations to the present study. First, the first study was limited by 
the sample size of the poor reader group and other special population diagnostic groups and 
thus precludes conclusive discriminant validity studies at this time. The results of this study 
are additionally limited by the nature of the strategy use items included on the paper-and
pencil instrument (RSU) and in the T ARSUM. It has been argued that the most demanding 
criterion of construct validity can be applied only when different methods or procedures are 
used to measure the same construct. To this end the questions about students' strategy use 
could have been better matched across the questionnaire and interview formats. Questions 
on the paper-and-pencil instrument related to students' general use of strategies with text, 
while questions in the interview related to students' use of strategies with a specific text task. 

Third, in retrospect, a frequency measure of strategy use, as was employed in the T ARSUM, 
may not provide a comprehensive measure of strategy use because strategies can be used with 
differing degrees of effectiveness (Reynolds, Wade, Trathen, & Lapan, 1989). In the present 
study, it was observed on some occasions that although students reported a cognitive strategy 
that was appropriate for the task, they were unable to answer the question correctly. In other 
words, although students may self-report appropriate strategy use, they may not use the 
strategy effectively. This discrepancy between reporting cognitive strategy use and using it 
effectively was highlighted by Reynolds et al. (1 989) who stated that "There seems to be an 
implicit assumption that if students say they are using a strategy or exhibit behaviours that 
are seen as reflecting a strategy, then they must be using the strategy effectively" {p. 175). 

The T ARSUM provided a way to ask readers what strategies they used to obtain the answer; 
however, it may be that some subjects did not consciously use strategies, but merely "came 
up with something" to answer the strategy use questions. This is a problem inherent in using 
self-report data gathered through questioning or probing. In addition, it is possible that 
different strategies may be used when reading different types of texts or topics, an important 
qualification when making generalizations from this study. Finally, multitrait, multimethod 
studies using non-self-report strategy use measures (e.g., parent and teacher ratings or 
observations) are essential to complement the fmdings herein. Nonetheless, the results of this 
initial investigation provide preliminary support for the reliability and validity of the 
T ARSUM in assessing cognitive and metacognitive strategy use for reading in adolescent 
children. 

The T ARSUM may have utility in theory based research on strategy use. Theory based 
research concerning the relationships between cognitive/metacognitive strategy use, 
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metacognitive knowledge, motivation, and performance have been impeded by the lack of 
reliable and valid reading strategy use instruments. The T ARSUM may also have utility in 
intervention research which assesses whether teaching reading disabled or poor readers to use 
strategies produces positive results (Borkowski, Johnston, & Reid, 1987; Oka & Paris, 1 987; 
Pressley, El-Dinary, & Brown, 1 992). Assessment of strategies using the TARSUM could 
be used to identify students' level of strategic engagement and to evaluate the kinds of 
cognitive and metacognitive strategies students employ in reading particular texts. In addition, 
changes in scores on the T ARSUM may assist in determining the effectiveness of 
interventions for less strategically oriented children in research or classroom settings. 
Responses to specific questions in the T ARSUM may be useful for the design of 
individualized treatment programmes for adolescents. In conclusion, the T ARSUM shows 
great promise as a measure for assessing metacognitive and cognitive strategy use in the 
domain of reading. 
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APPENDICES 

Appendix A: Sample Passage 

"THE VOLCANO - VERSION 1 

The scientists approached the crater's edge fascinated at the prospect of recording the spectacle of an inactive 
volcano smouldering again. Intent on their photography, they ignored an ominous rumbling." Within seconds, 
the subterranean cauldron exploded violently ejecting a great quantity of rocks." 

Fortunately these fell the in 
direction of the opposite slope. 

Greatly alarmed by this premature explosion, the group hastily began the descent. Immediately, fiery boulders 
from a gigantic avalanche hurtled around." Aware that their apparatus hindered progress, they abandoned all 
equipment except their precious cameras. Then came an urgsy moment.' As they were evading flying fragments, 
one of them was struck off-balance by a rebounding boulder. A lengthy halt would have been disastrous." 

Everyone was, therefore, very relieved when they found the injuries were superficiaL They resumed their 
dangerous scramble to regain safety just before the surroundings were destroyed. The scientists were pleased 
that they did not leave any of their equipment behind.' 

When they finally reached the bottom of the volcano, the scientists hurried towards their cabin which nearby 

was.
" 

One of the young scientists was very seriously injured and was screaming because of the pain. Luckily, 
there was an ikran waiting near their cabin and the young scientist was whisked away quickly to hospital.' 

Note: 

Notations that were used by the interviewer to record oral reading behaviours: 

s< - self-corrected successfully 
s" - self-corrected unsuccessfully 
x - made an error without correcting 
b - bleeped 
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Appendix B: Sample of Interview Coding Form in Investigation 3 

Sample cognition question 

3a. What do you think "subterranean 
cauldron" (underground boiling pot) 
refers to in the sentence you' ve read? 
( I  mark) 

b. How could you tell? 
(How did you go about trying to get 
your answer?) 

Ans: refers to the volcano ( I )  
refers to larva/boiling liquid (1/2) 

Sample monitoring question 

8 .  What are you thinking here? 
(Why did you bleep?) 

corrected it? yes/no 

----------

---------

-----------

Sample evaluation question 

1 I a. Which paragraph did you think was hardest to 
read for you? 

Paragraph __ _ 

b. How did you decide which was the hardest? 

Strategies 
Monitors understanding 

Uses context cues 

Substitution looks 
or sounds similar 

Mentions others as 
resources 

Mentions dictionary 
as resource 

Other 

Strategies 

Monitors/ Indicates 
scrambled words 

Evaluates i.e. makes 
a judgmental statement 
about text 

Rereads 

Other 

Strategies 

Rereads 

Infers based on 
difficulty of 
understanding 

Infers based on 
difficulty of 
pronouncing 
words 

Other 

Observed Notes 

Observed Notes 

Observed Notes 

(CORRESPONDENCE OF PARAGRAPH DIFFICULTY 
WITH STUDENT'S ACCURACY SCORE OF 
PARAGRAPH: Y�O) 

Evaluation strategy 



APPENDIX F 

CORRELATION MATRICES FOR THE FOUR HYPOTHESIZED MODELS 

Table Fl. Correlation matrix of NA readers (n = 203) and RD readers (n = 202) for Model 1 
inters contros stabs controf stabf effica eflicb m si ira pat class iq ethnicity" gender' 

NA readers 
inters 
contros .733 
stabs .73 1 .?SS 
controf .S44 .S10 .S96 
stabf .S 1 8  .S22 .S31 .S99 
effica .469 .469 .538 .424 .470 
eflicb .S06 .469 .503 .348 .323 .602 
m si .452 .4 1 2  .461 .299 .460 .436 .4 1 9  
ira .soo .473 .4 1 2  .347 .408 .369 .4 1 9  .498 
pat .349 .400 .420 .332 .338 .408 .605 .422 .363 
class .262 .3 1 6  .337 .28 1 .248 .320 .482 .356 .364 .683 
lq .239 .2S9 .306 .2S8 .24 1 .298 .290 .250 .2S 1 .400 .320 
ethnicity• . 1 39 . 1 32b . 1 59 . 1 34b . 1 1 3b . 1 23b .243 . 1 59 -.038b . 1 82 . 1 1 5b . 1 0 1 b 
gender' . 1 46 .200 . 1 1 sb .04Sb .043b . 1 1 0b . 1 89 .086b . 1 1 9b .0 1 7b .094b -.279 -.029b 

SD 2.789 3 .207 3 .23 1 2.570 2.592 .933 16.056 3.665 3 .629 I 8 .493 1 5 .097 9.081  .374 .498 

RD reatlers 
inters 
contros .406 
stabs .4 1 9  .599 
controf .358 .550 .528 
stabf .478 .586 .548 .728 
eflica .246 .308 .347 .352 .403 
efficb .223 .373 .349 .3S9 .482 .456 
m si .298 .296 .292 .396 .482 .305 .3 1 1  
ira .240 . 1 97 .286 .326 .407 .222 .285 .445 
pat .377 .433 .42 1 .504 .55S .48 1 .470 .448 .333 
class .26 1 . 1 78 . 1 52 .294 .3 16  .255 . 149 .255 .283 .592 
iq .053b . 1 40 . 1 22b .02 1b . 1 07b .222 . 1 97 . 1 44 .078b .209 .oo5b 

ethnicity• .034b .001b -.073b -.022b -.058b .003b .039b -.033b -. 168  -. l 1 8b -.064b . l 24b 

gender" .073b .07Sb .069b .089b . 1 55 .043b . 1 00b .224 . 1 09b .049b . 1 07b -.223 .059b 

SD 3 .035 2.683 2.550 2.949 3 . 1 6 1  .63 1 1 1 . 8 1 7  3.438 4.28S 1 2.730 1 S .24 1 8 . 162 .SO l .494 

Key of variables names: inten • intemality (locus) dimension of success attributions; contros • controllability dimension of success attributions; stabs • stability dimension of success attributions; controfa controllability dimension 
of failure attributions; stabf• stability dimension of failure attributions; effica • general measure of self-efficacy; efficb • task-specific measure of self-efficacy; msi • MSI measure ofmetacognltlve knowledge; lra• IRA measure 
of metacognitlve knowledge; pat • standardized measure of reading comprehension; class • classroom measure of reading performance; lq • Intellectual ability as measured by WISC-R. All correlations statistically significant 
at p < .OS except those Indicated by �. 
• variables included only In LISREL analyses of models which Includes demographic variables. 



Table Fl. Correlation matrix of NA readers (11 .. 1 99) and RD readers (n = 1 96) for Model 2 

I I class 
. 

ethnicity' gendei"' inters contros staos controf staor effica effic6 m sa ara stratI strat2 pat aq 

rea ers 
inters 
contros .738 
stabs .73 1 .767 
controf .540 .585 .595 
stabf .523 .537 .545 .60 1 
effica .462 .478 .534 .4 1 2  .469 
efficb .504 .473 .500 .343 .323 .600 
m si .454 .4 17  .466 .298 .460 .438 .4 1 9  
ira .495 .48 1 .4 10 .336 .403 .358 .4 1 8  .503 
strat i .407 .377 .445 .372 .356 .407 .477 .472 .379 
strat2 .329 .384 .346 .299 .323 .469 .524 .485 .327 .662 
pat .350 .404 .4 1 7  .337 .337 .409 .607 .427 .359 .6 1 0  .590 
class .257 .329 .326 .27 1 .235 .309 .482 .361 .349 .387 .436 .680 
iq . .  .243 .262 .3 1 1  .262 .240 .301 .29 1 .250 .256 .295 .297 .403 .326 
ethnacaty• . 1 53 . 137b . 1 85 . 147 . 1 1 3b . 1 3 8b .256 . 1 59 -.027b .202 . 1 83 .20 1 . 142 .099b 

�0
der" . 145 .208 . 1 22b .032b .032b . 105b . 1 90 .08 1b . 1 1 5b -.007b .05 1 b .026b .098b -.284 -.043b 

2.802 3.230 3 .230 2.560 2.590 .933 1 6. 1 76 3 .697 3.6 1 2  1 .447 4.848 1 8.526 14 .925 9. 1 66 .373 .498 

RD readers 
inters 
contros .42 1 
stabs .423 .599 
controf .36 1  .550 .528 
stabf .493 .58 1 .545 .730 
effica .258 .304 .340 .354 .400 
efficb .242 .385 .357 .367 .484 .465 
m si .3 1 0  .288 .286 .394 .477 .294 .3 1 1  
ira .23 1 .208 .287 .33 1  .4 1 8  .237 .299 .458 
strat i .323 .366 .402 .32 1 .438 .457 .400 .455 .408 
strat2 .3 17  .272 .3 1 6  .3 1 5  .4 1 8  .348 .307 .455 .370 .654 
pat .402 .428 .422 .506 .555 .483 .48 1  .444 .35 1  .588 .5 1 5  
class .289 .200 . 1 63 .308 .339 .259 . 1 6 1  .266 .298 .385 .403 .604 
iq .032 . 13 8  . 1 17  .0 1 3  . 1 05 .229 . 1 99 . 143 .08 1  . 132 . 142 .206 .009 
ethnicity• .oo8b -.0 1 3b ·.084b -.032b -.068b .002b .046b -.039b -. 1 76 -.09 1 b -.00 1 b -. 1 23b -.044b . 1 0 1 b 
gender" .074b .069b .07 1b .086b . 1 6 1  .035b . 1 2 1 b .224 . 1 22b . 164 . 169 .040b . 1 0 1 b -.24 1 .052b 
SD 3.02 1 2.692 2.570 2.988 3 . 1 85 .630 1 1 .765 3.469 4.320 1 .2 8 1  5 .249 1 2.794 1 5. 168 8. 1 1 7 .500 .495 

Keh ofvanables names: mters • mtemahty (locus) d1mens1on of success attnbullons; contros • controlla61hty d1mens1on ofsuccess attr16uuons; stabs • stab1hty d1mens1on of success attn&uuons; controf• controllab1hty d1mens1on 
of oilure attributions; stabf • stability dimension of failure attributions; effica • general measure of self-efficacy; efficb • task-specific measure of self-efficacy; m si • MSI measure ofmetacognitlve knowledge; lra • IRA measure 
of metacognitive knowledge; strati • self-report measure of combined strategy use; strat2 • behavioral measure of combined strategy use; pat • standardized measure of reading comprehension; class • classroom measure of 
reading �rformance; I� • intellectual ability as measured by WISC-R. All correlations statistically significant at p S .OS except those indicated by �. 
• Voriab es included on y in LISREL analyses of models which includes demographic variables. 

N N 'V 
- - - --



Table F3. Correlation matrix of NA (11 .. 199) and RD (n .,. 196) readers for Model 3 and Model 4 

inters contros sta6s contror sta6r emca emc6 �nowa �now6 m eta cog a met6 cog6 pat class 
0 

ethnicity" gendei"' tq 
rea ers 

inters 
contros .73 8 
stabs .73 1 .767 
controf .540 .585 .595 
stabf .523 .537 .545 .60 1 
eflica .462 .478 .534 .4 1 2  .469 
efllcb .504 .473 .500 .343 .323 .600 
knowa .454 .4 1 7  .466 .298 .460 .438 .4 1 9  
knowb .495 .48 1  .4 1 0  .336 .403 .358 .4 1 8  .503 
m eta .350 .3 83 .425 .360 .320 .324 .428 .395 .309 
cog a .355 .263 .340 .279 .295 .386 .396 .425 .35 1 .499 
metb. .324 .377 .348 .296 .303 .420 .470 .437 .254 .5 8 1  .405 
cogb .200 .235 . 1 93 . 1 78 .233 .384 .425 .389 .357 .407 .6 1 6  .429 
pat .350 .404 .4 1 7  .337 .337 .409 .607 .427 .359 .571  .480 .496 .558 
class .257 .329 .326 . .  27 1 .235 .309 .482 .361 .349 .348 .32 1  .377 .388 .680 
i\ . .  l 

.243 .262 .3 1 1  .262 .240 .30 1 .29 1 .250 .256 .26 1 .250 .250 .279 .403 .326 
et OICity . 1 53 . 1 37b . 1 85 . 1 47 . 1 1 3b . 1 3 8b .256 . 1 59 -.027b . 1 3 8b .2 1 7  . 1 57 . 1 67 .20 1 . 1 42 .099b 

�g'
der" . 1 45b .208 . 1 22b .032b .032b . 1 05b . 1 90 .08 1b . 1 1 5b .0 1 9b -.034b .067b -.006b .026b .098b -.284 -.043b 

2.802 3.230 3.230 2.560 2.590 .933 1 6. 1 76 3 .697 3.6 1 2  .889 .78 1  3.894 1 .665 1 8 .526 14.925 9. 1 66 .373 .498 

RD readers 
inters 
contros .42 1 
stabs .423 .599 
controf .36 1 .550 .528 
stabf .493 .58 1 .545 .730 
effica .258 .304 .340 .354 .400 
eflicb .242 .385 .357 .367 .484 .465 
knowa .3 1 0  .288 .286 .394 .477 .294 .3 1 1  
knowb .23 1 .208 .287 .33 1 .4 1 8  .237 .299 .458 
m eta .39 1 .4 1 4  .44 1 .396 .497 .426 .398 .396 .395 
cog a . 1 83 .233 .268 . 1 76 .278 .368 .301 .390 .3 1 6  .483 
metb .289 .225 .260 .279 .382 .325 .269 .4 1 7  .308 .550 .438 
cogb .250 .257 .302 .264 .327 .26 1 .262 .354 .345 .387 .574 .460 
pat .402 .428 .422 .506 .555 .483 .48 1  .444 .35 1 .550 .472 .459 .424 
class .289 .200 . 1 63 .308 .339 .259 . 1 6 1  .266 .298 .347 .3 1 9  .390 .275 .604 
1\ . .  l 

.032b . 1 38b . 1 1 7b .0 1 3b . 1 05b .229 . 1 99 . 1 43 .08 lb . 1 06b . t 20b . 1 02b . 1 63 .206 .009b 

et OICIIY .oo8b 
-.0 1 3b ·.084b ·.032b -.068b .002b .046b -.039b -. 1 76 -.035b -. 1 1 5b .02 1 b -.04 1 b -. 1 23b 

·.044b . 1 0 J b  

gender" .074b .069b .07 1b .086b . 1 6 1  .035b . 1 2 1b .224 . 1 22b .200 .093b .204 .040b .040b . 1 0 1b -.24 1 .052b 

SD 3.021 2.692 2.570 2.988 3 . 185  .630 1 1 .765 3 .469 4.320 .679 .807 3 .920 2. 1 26 1 2.794 1 5. 1 68 8 . 1 1 7  .500 .495 

Key ofvanables names: an ten • antemah� (locus) d1mens1on of success attnbullons; contros • controllablhty d1mens1on of success attributiOns; stabs '" stabihty d1mens1on of success attnbut1ons; controf • controllab1hty d1menslon of failure 
attributions; stabf. stability dimension o failure attributions; effica • general measure or self-efficacy; efficb • task·specinc measure or self-efficacy; m si • MSI meas,ure or metacognltlve knowled�e; fra • IRA measure or metacognltive 
knowledge· m eta . self-report measure or metacognltlve strategy use; cog a • self·rer;rt measure or cognitive stratew; use; metb • behavloral measure or metacognluve strategy use; cogb • behav oral measure of cognitive strategy. use· 
pat . stand'ardized measure of reading comprehension; class • classroom measure o readin.g perfonnance; lq .. lnte lectual abil ity as measured by WISC·R. All correlations statistically significant at p :S .OS except those Indicated by •: 

Variables included only in LISREL analyses of models which includes demographic vanables. � 

.I t-l 
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. APPENDIX G 

LISREL SPECIFICATION OF HYPOTHESIZED MODELS 1 THROUGH 4 

G.l Optimum Model 1 

G.l.l Notation 

G.l.l.l Observed variables 

Let 
x1 = score on WISC-R measure of intellectual ability 
y1 = score on measure of controllability dimension of success attributional style 
y2 = score on measure of stability dimension of success attributional style 
y3 = score on measure of stability d imension of failure attributional style 
y 4 = score on measure of controllability dimension of failure attributional style 
Ys = score on measure of intemality (locus) dimension of success attributional style 
y 6 = score on general measure of self-efficacy 
y7 = score on task specific measure of self-efficacy 
y8 = score on MSI measure of metacognitive knowledge 
y9 = score on IRA measure of metacognitive knowledge 
y 10 = score on standardized PAT measure of reading performance 
y 1 1 = score on classroom performance measure of reading performance 

G.1.1.2 Latent variables 

Let 
� 1 denote the ability factor 
11 1  denote the attributional style factor 
112 denote the self-efficacy factor 
113 deno� the metacognitive knowledge factor 
114 denote the reading comprehension/performance factor 

G.1 .2 Model specification 

G.1.2.1 Measurement model 

In LISREL notation the measurement model may be expressed in matrix notation as follows: 
y 11:1 = Ay 11:1 11 Jgl + E Jgl 

Y1 (gJ 1 0 0 0 [g) 

��] 
[g) E1 I 

Y2 A.21 0 0 0 E2 
Y3 A.3 1  0 0 0 E3 

. Y4 A.41 0 0 0 E4 
Ys As I 0 0 0 Es 
Y6 = 0 �2 0 0 + E6 
Y1 0 1 0 0 E7 
Ys 0 0 1 0 Eg 
Y9 0 0 �3 0 E9 
Y1o 0 0 0 1 EJO 
Yu 0 0 0 >..1 1 4 Eu 



x lcl = 

�t] [g) = 
where A1 1 = 1 

� 11:1 � lcl 
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+ 0 lcl 

+ 

The equations for the equality constraints on the measurement parameters are specified as follows: 
Al l  [gt J = An lc21 
A2t lct l = f..21 lc21 
As t [g!J = Ast ls21 
�2 [gl ) = �2 (g2) 
An [gt J = An lc2J 
As3 [gtJ = As3 [g2J 
�3 [gl ) = �3 (g2] 
Al0,4 [gt J = Ato,4 lc2l 
Al l  4 !gt J = All 4 £g2J . . 
where g 1  represents the NA group and g2 represents the RD group 

G.1.2.2 Structural equation model 

7Jt (g] = 'Yt t (g] � l(g] + �� (g) 
7J2(g) = 'Y2t (g] � � (g) + /321 (g] 7Jt [g] + �2(g) 
7J3(g] = 'Y3t l!:l � l [g] + 133t (g] 7Jt (g] + /Jnlcl 1J2(gl + �3(g] 
7J4(g) = 'Y4t (g] � l (g] + /343[g) 7J3(g] + 13 42(g] 7J2[g] + �4(g] 

In LISREL notation these equations may be written in matrix form as follows: 
7] [g) = r !cl � [g) + B JgJ 7] [g) + r 'g) 

[�J liT 
l5t] (g) 0 0 

�]
''' [��] 

(g) 
'Y21 �2 1 0 0 

1l3 - 0 + 31 1332 0 + 
1l4 'Y4! 0 /342 1343 �] 

(g] 

The equations for the equality constraints on the structural parameters are specified as follows: 
'Y2! (gl ] = 'Y2! (g2) 
/32l (gl ] = /32l (g2) 
/33 l(gl ] = 133t1g2) 
/332(gl ] = /332(g2] 
/343[gl ] = /343(g2] 
/342(gl ] = /342(g2] 
where g 1 represents the NA group and g2 represents the RD group 

Since there is only a single exogenous variable, 
cp!gJ = [<1>1 1] (g) 
where c/>1 1  represents the variance of the exogenous variable � 1 
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G.1.2.3 Disturbance assumptions 

9fls1l, the variance-covariance matrix of the errors of the observed endogenous variables, E, for 
NA readers is given by: 

1 1 
0 ()22 
0 0 033 
0 0 ()43 ()44 
0 0 0 0 Oss 

9 £gl ] = 0 0 ()63 0 0 ()66 f 
0 0 0 0 0 0 ()17 
0 0 ()83 0 0 0 0 088 
0 ()92 0 0 0 0 0 0 ()99 
0 0 0 0 0 0 ()10,7 0 0 ()10,1 0 
0 0 0 0 0 0 eu 1 0 0 0 el l.l l 

9f!l:2l, the variance-covariance matrix of the errors of the observed endogenous variables, E, for 
RD readers is given by: 

1 1  
021 022 
0 0 033 
0 0 0 ()44 
0 0 0 ()54 Oss 

e (g2] = 0 0 0 0 0 ()66 f 
0 0 0 0 0 0 On 
0 0 0 0 0 0 0 ()88 
0 0 0 0 0 0 0 0 099 
0 0 0 0 0 0 0 0 0 e!O,!o 
0 0 0 0 0 0 e, , 7 0 0 0 eu.u 

where 010 10, the variance of the measurement error for the PAT performance indicator = 8. 1 8  

e c5!sl, the matrix representing the variances and covariances of the measurement errors, oi, is given 
by: 

ec5 !sJ = @� �J !sJ 
where el l [gl ] = 32.9836 and el l  (g2) = 33.3 

The variance-covariance matrix of the disturbances is given by: 

y[!l) = �· tf22 
0 
0 
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G.1.2.4 Identification of model 

In employing the above constraints between NA and RD readers, the proposed model can be 
shown to be overidentified. This can be seen from the fact that over the two groups there are 1 56 
observed variances-covariances and 60 model parameters to be estimated, leaving a model with 
96 degrees of freedom. The 60 model parameters to be estimated include: (a) 9 coefficients 'AiY, 
(b) 5 coefficients 'Yi• (c) 6 coefficients {3i, (d) 2 coefficients of </>, (e) 2 1  variances and 9 

covariances of the error terms ei, and (f) 8 variances of the disturbances ti· Evidence also comes 
from the literature that this type of model is identified. The measurement component of this 
model is of the form of a simple confirmatory factor model; in the presence of correlated errors, 
such models have been shown to be identified by Long (1 983a) and Horwood ( 1 987). The 
structural model component is in the form of a recursive path model and such models have been 
shown to be identified by Duncan (1 975). 

G.2 Optimum Model 2 

G.2.1 Notation 

G.2.1.1 Observed variables 

Let 
x1 = score on WISC-R measure of intellectual ability 
y1 = score on measure of controllability dimension of success attributional style 
y2 = score on measure of stability dimension of success attributional style 
y3 = score on measure of stability dimension of failure attributional style 
y 4 = score on measure of controllability dimension of fai lure attributional style 
y5 = score on measure of intemality (locus) dimension of success attributional style 
y 6 = score on general measure of self-efficacy 
y7 = score on task specific measure of self-efficacy 
y8 = score on MSI measure of metacognitive knowledge 
y9 = score on IRA measure of metacognitive knowledge 
y10 = score on self-report measure of combined strategy use 
y 1 1  = score on behavioural measure of combined strategy use 
y 12 = score on standardized PAT measure of reading performance 
y 13 = score on classroom performance measure of reading performance 

G.2.1.2 Latent variables 

Let 
� 1 denote the ability factor 
77 1 denote the attributional style factor 
772 denote the efficacy factor 
773 denote the metacognitive knowledge factor 
774 denote the combined strategy use factor 
715 denote the reading comprehension/performance factor 
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G.2.2 �odel specification 

G.2.2.1 Measurement model 
\ 

In LISREL notation the measurement model may be expressed in matrix notation as follows: 
ylcl = 

YI [g] I 
Y2 A21 
Y3 AJI 
Y4 A41 
Ys As! 
Y6 0 
Y1 = 0 
Ys 0 
Y9 0 
Y1o 0 
Yl l 0 
Y12 0 
Yn 0 

xh:J = _A,.£g) 

[}cl] [g) ==(!.] ]] 
where A1 1  lsl = I 

A,.lcl 

0 0 
0 0 
0 0 
0 0 
0 0 

�2 0 
I 0 
0 I 
0 �3 
0 0 
0 0 
0 0 
0 0 

[g) 

.,,, + El cl 

0 0 [g] '11 ! [g] E l [g] 
0 0 '112 E2 
0 0 713 E3 
0 0 '114 E4 
0 0 'Tls Es 
0 0 E6 
0 0 + E7 
0 0 Eg 
0 0 E9 
I 0 E 1o 

A1 1 4  0 E l l  
0 I E12 
0 An.s E 13 

�[g) + o''' 

[J I] [g] + [21] [g] 

The equations for the equality constraints on the measurement parameters are specified as follows: 
Al l  lci J  = Al l ls2J 
A21 lsi J = A2 1 ls21 
As t [gi J  = As t [g2J 
�2 [gl ) = �2 (g2J 
An (gi J  = An [g2J 
As3 [giJ = As3 [g2J 
�3 [gl] = �3 (g2) 
A10 4 [gl ) = AI0 4 (g2) . . 
Ai t.4 lst l = A1 1.4 ls21 
A12.s lsl J = A12.s ls2l 
An.s (giJ = An.s (g2J 
where g I represents the NA group and g2 represents the RD group 

G.2.2.2 Structural equation model 

'Tl1 1g1 = 'Y1 1 11l1 � � [g) + r�rsl 
'Tl21g1 = 'Y21 1g1 � � (g] + 1321 11l1 '11211:1 + r211l1 
71311l1 = /33 1 [g1 'Tlt [g1 + /33211l1 '11211:1 + r31g1 
7141g1 = 1342[g1 'Tl2[g1 + /343rsl 7131g1 + r4181 
'Tls(g) = f3s2181 712(g) + f3s4(g] '114[g) + rs(g) 



In LISREL notation these equations may be written in matrix form as follows: rl'' =f''' �lr.J + B''' 

711 (g) 'YI I ' (g) [$.J ig] 0 0 0 0 0 

712 'Y21 {32 1  0 0 0 0 

713 0 {331 {332 0 0 0 

714 = 0 + 0 {342 {343 0 0 

71s 'Ys1 0 f3s2 0 f3s4 0 

The equations for the equality constraints are specified as follows: 
'Y21 (gl ] = 'Y21 (g2] 
/321 (gl ) = {321 (g2] 
/331 (gl ] = {331 [g2] 
/33}ci J = {332[g2J 
/342[gl ] = {342[g2] 
/343[gl ] = {343[g2) 
where g 1 represents the NA group and g2 represents the RD group 

Since there is only a single exogenous variable, 
q,lcl = EJ>1 1Jicl 
where c/>1 1 1cl represents the variance of the exogenous variable � .  

G.2.2.3 Disturbance assumptions 

v'' 

(g) 71 1  
712 
713 
714 
71s 
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+ r'' 

(g] I (g] 
r2 
r3 

+ r4 
rs 

9,1c1 J, the variance-covariance matrix of the errors of the observed endogenous variables, E, for 
NA readers is given by: 

1 1  
0 022 
0 0 (]33 
0 0 (]43 (]44 
0 0 0 0 (]55 
0 0 ()63 0 0 ()66 
0 0 0 0 0 0 871 

9 £ci J = 0 0 ()83 0 0 0 0 ()88 • 
0 ()92 0 0 0 0 0 0 899 
0 0 0 0 0 0 0 0 0 010,10 
0 01 1,2 0 0 0 0 0 0 el l 9 0 81 1 .• •  
0 0 0 0 0 0 ()12,7 0 0 812,10 0 ()12,12 
0 0 0 0 0 0 ()13,7 0 0 0 0 0 813,13 
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e �[g2J, the variance-covariance matrix of the errors of the observed endogenous variables, E, for 
RD readers is given by: 

1 1  
821 9n 
0 0 833 
0 0 0 944 
0 0 0 9s4 8ss 
0 0 0 0 0 966 
0 0 0 0 0 0 871 

e (g2J = 0 0 0 0 0 0 0 9ss • 
0 0 0 0 0 0 0 0 999 
0 0 0 0 0 0 0 0 0 810,10 
0 0 0 0 0 0 0 0 0 0 81 1 ,1 1  
0 0 0 0 0 0 0 0 0 0 0 812,12 
0 0 0 0 0 0 813,1 0 0 0 0 0 813,13 

where 812,12, the variance of the measurement error for the PAT performance indicator = 8. 1 8  

96lsl, the matrix representing the variances and covariances of the measurement errors oi is given 
by: 
e6 rsJ = (!JI IJ rsJ 
where 81 1 ls1 1 = 33.605 and 81 1 ls21 = 32.9 

The variance covariance matrix of the disturbances is given by: 

if; I I  
0 t/;22 

ylsl = 0 0 t/;33 
. o 0 0 t/;44 

0 0 0 0 t/lss 

G.2.2.4 Identification of model 

[g) 

In employing the above constraints between NA and RD readers, the proposed model can be 
shown to be overidentified. This can be seen from the fact that over the two groups there are 210  
observed variances-covariances and 73 model parameters to be estimated, leaving a model with 
1 37 degrees of freedom. The 73 model parameters to be estimated include: (a) 1 0  coefficients 
A...Y, (b) 5 coefficients 'Yi• (c) 9 coefficients {3i, (d) 2 coefficients of c/>, (e) 25 variances and 12 
covariances of the error terms Ei, and (f) 1 0  variances of the disturbances ti· 

G.3 Optimum Model 3 

G.3.1 Notation 

G.3.1.1 Observed variables 

Let 
x1 = score on WISC-R measure of intellectual ability 
y 1 = score on measure of controllability dimension of success attributional style 



y2 = score on measure of stability dimension of success attributional style 
y3 = score on measure of controllability dimension of failure attributional style 

y4 = score on measure of stability dimension of failure attributional style 

Ys = score on measure of intemality (locus) dimension of success attributional style 
y 6 = score on general measure of self-efficacy 
y7 = score on task specific measure of self-efficacy 
y8 = score on MSI measure of metacognitive knowledge 

y9 = score on IRA measure of metacognitive knowledge 
y 10 = score on self-report measure of metacognitive strategy use 
y 1 1  = score on self-report measure of cognitive strategy use 

y12 = score on behavioural measure of metacognitive strategy use 
y 13 = score on behavioural measure of cognitive strategy use 
y 14 = score on standardized PAT measure of reading performance 
y 15 = score on classroom performance measure of reading performance 

G.3.1.2 Latent variables 

Let 

� 1 denote the ability factor 
771 denote the attributional style factor 

772 denote the efficacy factor 
773 denote the metacognitive knowledge factor 
774 denote the metacognitive strategy use factor 

71s denote the cognitive strategy use factor 

776 denote the reading comprehension/performance factor 

G.3.2 Model specification 

G.3.2.1 Measurement model 

43 1 

In LISREL notation the measurement model may be expressed in matrix notation as follows: 
yh:l = Aylcl ,;r.l + El cl 

Yl (g) I 0 0 0 0 0 [g) 771 [g) E l [g) 
Y2 ).,21 0 0 0 0 0 772 E2 
Y3 ).,31 0 0 0 0 0 773 El 
Y4 ).,41 0 0 0 0 0 774 E4 
Ys As 1 0 0 0 0 0 71s Es 
Y6 0 �2 0 0 0 0 776 E6 
y, = 0 I 0 0 0 0 + E7 
Ys 0 0 1 0 0 0 Es 
Y9 0 0 �3 0 0 0 €9 
YIO 0 0 0 I 0 0 E1o 
Yn 0 0 0 0 1 0 En 
Y12 0 0 0 A.l2,4 0 0 €12 
Yl3 0 0 0 0 An,s 0 En 
Y14 0 0 0 0 0 1 €14 
Y1s 0 0 0 0 0 ).,15,6 E 1s 

xlcl = �[g) �(g) + olcl 
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0t] [g] �I I] [g] 
where Al l lcl = 1 

The equations for the equality constraints on the measurement parameters are specified as follows: 

A1 1  !GI J = A1 1  ls2l 
A2 1 £gi J = A21 £g2J 
As t (GIJ = Ast lc2l 
�2 (gl] = �2 [g2] 
An [gi J = An [g2J 
As3 [gt ] = As3 [g2J 
�3 [gl] = �3 (g2] 
Ato,4 !giJ = AI0.4 lc2l 
An.4 £g i J = Au.4 lc2l 
At2.S (gl ] = AI2,S (g2] 
An,s [giJ = Al3.s lc21 
A14 6 1'1 1 = A14 6 lc2l . . 
AI S,6 [gl ] = AIS,6 (g2] 

where g 1 represents the NA group and g2 represents the RD group 

G.3.2.2 Structural equation model 

17I[g) = 'Yl l [g] � � [g) + r�[g) 
1J2(g) = 'Y21 (g) � � [g) + j321 [g) 17I [g) + r2(g) 
173[g] = j33I [g) 17 I [g] + j332[g] 172(g] + r3[g] 
174[g] = J342[g] 112[g] + J343[g] 7J31c1 + r41g1 
17s[g] = 13s2[g) 172[g] + 13s3[g) 7J3[g) + rs[g) 
176[g) = 'Y6I [g) � l [g] + j362[g] 1J2(g) + j364[g) 7J4(g) + J36s[g) 7Js(g) + r6[g) 

In LISREL notation these equations may be written in matrix form as follows: TJ'CI = rlcl �lcl + BICI 

7J I  [g) 'Yl l [g] (SI] [g) 0 0 0 0 0 0 

7J2 'Y21 /321 0 0 0 0 0 

7J3 0 /331 /332 0 0 0 0 

7J4 = 0 + 0 /342 /343 0 0 0 

7Js 0 0 13s2 13s3 0 0 0 

7J6 'Y6t 0 /362 0 1364 136s 0 

The equations for the equality constraints are specified as follows: 

'Y21 (gl] = 'Y2I (g2] 
j32 I [gl ] = j32l (g

2] 
j33l [gl ] = j33I (g2] 
/332[gl] = /332(g2] 
/342[gl] = /342(g2) 
j343[gl ] = /343(g2) 
13s2[gi J = 13s2lc2J 
13s3[gtJ = 13s3lc2l 

TJ'CI 

(g) 7JI (g) 
7J2 
7J3 
7J4 
7Js 
7J6 

+ rei 

I [g) 
r2 
r3 

+ r4 
rs 
r6 



{364£gl ) = {364£g2) 
where gl represents the NA group and g2 represents the RD group 

Since there is only a single exogenous variable, 
4>£&l = reP Jlcl _J.j 1 1  
where cb1 1 [gJ represents the variance of the exogenous variable � 1 

G.3.2.3 Disturbance assumptions 

8f£gt J, the variance-covariance matrix of the errors of the observed endogenous variables, E, 
NA readers is given by: 

1 1  
0 822 
0 0 833 
0 0 843 844 
0 0 0 0 Oss 
0 0 0 864 0 ()66 
0 0 0 0 ()15 0 871 

8 [gl ) = 0 0 0 884 0 0 0 Oss f 
0 892 0 0 0 0 0 0 899 
0 0 0 0 0 010,6 0 0 0 810,10 
0 0 0 0 ()1 1 ,5 0 0 0 0 81 1 ,10 81 1 ,1 1  
0 0 0 0 0 0 0 0 812,9 0 0 012,12 
0 813,2 0 0 0 0 0 0 0 0 0 0 813,13 
0 0 0 0 0 0 ()14,7 0 0 ()14,10 0 0 0 814,14 
0 0 0 0 0 0 ()15,7 0 0 0 0 0 0 0 815,15 

8e£g2J, the variance-covariance matrix of the errors of the observed endogenous variables, E, 
RD readers is given by: 

1 1  
()21 822 
0 0 ()33 
0 0 0 ()44 
0 0 ()53 0 Oss 
0 0 0 0 0 866 
0 0 0 ()14 0 0 ()71 

8E£g2) = 0 0 0 0 0 0 0 ()88 
0 0 0 0 0 0 0 0 ()99 
0 0 0 0 0 0 0 010,8 0 ()10,10 
0 0 81 1,3 0 0 0 0 0 0 0 81 1,1 1  
0 0 0 0 0 0 0 0 0 0 0 812,12 
0 0 0 0 0 0 0 0 0 0 0 813,12 813,1 3 
0 0 0 0 0 0 0 0 0 0 0 0 0 814,14 

433 

for 

for 

0 0 0 0 0 0 815,7 0 0 0 0 815,12 0 0 ()15,1 5  

where 814,14, the variance o f  the measurement error for the PAT performance indicator = 8. 1 8  
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86[gl, the matrix representing the variances and covariances of the measurement errors oi is given 
by: 
e6 [g) = @1 1] £g) 
where 91 1 £gl J = 33.605 and 911 lg2J = 32.9 

The variance covariance matrix of the disturbances is given by: 

= 

1/ln 
0 
0 
0 
0 
0 

1/122 
0 
0 
0 
0 

G.3.2.4 Identification of model 

1/lss 
0 

[g) 

The model is overidentified. This can be seen from the fact that there are 272 observed variances
covariances and 94 model parameters to be estimated, leaving a model with 1 78 degrees of 
freedom. The 94 model parameters to be estimated include: (a) 1 1  coefficients "'>\Y, (b) 5 
coefficients 'Yi• (c) 12  coefficients {3i, (d) 2 coefficients of </>, (e) 29 variances and 21 covariances 
of the error terms ei, (f) 12  variances and 2 covariances of the disturbances �i· Evidence comes 
from the literature that this type of model is identified. The measurement component ofthis model 
is of the form of a simple confirmatory factor model; in the presence of correlated errors for the 
observed x and y variables, such models have been shown to be identified by Long (1 983a) and 
Horwood (1 987). S ince the matrix v is not diagonal, the structural component of the model is 
no longer recursive (Long, 1 983a). However, in this instance the estimation of the one off 
diagonal element of the V matrix does not affect the identifiability of the model. See for example, 
Hanushek and Jackson (1 977) for a discussion of the identifiability of similar non-recursive 
models. 

G.4 Optimum Model 4 

G.4.1 Notation 

G.4.1.1 Observed variables 

Let 
x1 = score on WISC-R measure of intellectual ability 
y1 = score on measure of controllability dimension of success attributional style 
y2 = score on measure of stability dimension of success attributional style 
y3 = score on measure of stability dimension of failure attributional style 
y4 = score on measure of controllability dimension of failure attributional style 

Ys = score on measure of intemality dimension of success attributional style 
y 6 = score on general measure of self-efficacy 
y7 = score on task specific measure of self-efficacy 
y8 = score on MSI measure of metacognitive knowledge 
y9 = score on IRA measures of metacognitive knowledge 
y 10 = score on self-report measure of metacognitive strategy use 
y 1 1  = score on self-report measure of cognitive strategy use 
y 12 = score on behavioural measure of metacognitive strategy use 



y13 = score on behavioural measure of cognitive strategy use 
y 14 = score on standardized PAT measure of reading performance 
y15  = score on classroom performance measure of reading performance 

G.4.1.2 Latent variables 

Let 
� 1 denote the ability factor 
171 denote the success attributional style factor 
172 denote the failure attributional style factor 
173 denote the efficacy factor 
174 denote the metacognitive knowledge factor 
11s denote the metacognitive strategy use factor 
176 denote the cognitive strategy use factor 
171 denote the reading comprehension/performance factor 

G.4.2 Model specification 

G.4.2.1 Measurement model 
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In LISREL notation the measurement model may be expressed in matrix notation as follows: 
ylgJ = Aylcl .,;cl + Ell: I 

Yt [g) 0 0 0 0 0 0 [g) 11 1 [g) E t lcl 
Y2 A21 0 0 0 0 0 0 112 E2 
Y3 0 I 0 0 0 0 0 7J3 E3 
Y4 0 A42 0 0 0 0 0 7J4 E4 
Ys Ast 0 0 0 0 0 0 7Js Es 
Y6 0 0 I 0 0 0 0 7J6 E6 
Y7 = 0 0 A73 0 0 0 0 7J7 + E7 
Ys 0 0 0 I 0 0 0 Eg 
Y9 0 0 0 �4 0 0 0 E9 
Yto 0 0 0 0 I 0 0 EJO 
Y1 1  0 0 0 0 0 I 0 El l  
Y12 0 0 0 0 Al2,s 0 0 El2 
Yn 0 0 0 0 0 An,6 0 En 
Yt4 0 0 0 0 0 0 I Et4 
Yts 0 0 0 0 0 0 Ats 1 Et s 

xlcl = �!cl �[&] + olcl 

[x1J !cl �11] I cl (51] !cl + @I] (g) 
where A1 1 fgJ = I 

The equations for the equality constraints on the measurement parameters are specified as follows: 

Al l fgt J  = Al l !c21 
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A2t [gtJ = A2t [g2J 
Ast [gtJ = Ast [g2J 
A32 !gt J = A32 [g2J 
A42 [gtJ = A42 (g2J 
�3 [gl) = �3 [g2] 
A73 (giJ = A73 lg2J 
A34 [gtJ = As4 lg2J 
�4 [gl) = � (g2) 
Ato.s [gt J = Ato,s [g2J 
At t,s [gtJ = At t.s !g2J 
At2,6 [gtJ = Al2,6 !g2J 
AI3,6 [gtJ = Al3,6 !g2J 
At4,6 [gtJ = At4,6 !g21 
Ats,6 !gtJ = Ats,6 !g2J 
where g 1 represents the NA group and g2 represents the RD group 

G.4.2.2 Structural equation model 

71I [g] = 'Y11 (g) � � (g) + r1[g] 
112[g] = 'Y21 [g1 � � [g) + r2(g) 
71J[g] = 'YJt1g1 � � [g) + f33t [g) 71t 1g1 + /332[g) 1121g1 + r3[g) 
7141g1 = 'Y4t 1g1 � � [g) + ,s42[g) 112[g] + ,s43[g] 7131g1 + r4[g) 
71s[gJ = f3s3(gJ 713(gJ + f3s4[gJ 714[gJ + tslgJ 
716[g) = ,s63[g] 71J[g) + /364[g) 714[g] + r6[g) 
717[g] = 'Yt t [g) � � [g) + {373[g) 713(g) + f37s[g) 71s[g) + {376[g) 716[g) + r7[g) 

In LISREL notation these equations may be written in matrix form as follows: 

711r.J = rrr.J � lr.l + Blr.l 

71 t [g) 'Yt t  [g) [5t][g) 0 0 0 0 0 0 
712 'Y21 0 0 0 0 0 0 
713 'YJt {331 {332 0 0 0 0 
714 = 0 + 0 {342 {343 0 0 0 
71s 0 0 0 l3n f3s4 0 0 
716 0 0 0 {363 {364 0 0 
717 'Y7 1 0 0 {313 0 f37s {376 

The equations for the equality constraints are specified as follows: 

'YJt [gl) = 'Y3t(g2] 
{342[gl] = {342(g2) 
{343[gl) = (343(g2) 
f3sJ[gt ] = f3s3[g2J 
/3S4[gt) = f3sig2J 
{363[gl) = (3631(g2] 

r;r.J 

0 [g) 71t 
0 712 
0 713 
0 714 
0 71s 
0 716 
0 717 

+ r rr.r 

[g) I [g) 
r2 
r3 

+ r4 
ts 
r6 
t1 



,864(gl) = ,864(g2) 
,B75(gl) = ,B75(g2J 

where g 1 represents the NA group and g2 represents the RD group 

Since there is  only a single exogenous variable, 
q,lgJ = @u]lgJ 
where ci>1 1  (gJ represents the variance of the exogenous variable � 1 

G.4.2.3. Disturbance assumptions 
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e,lgiJ, the variance-covariance matrix of the errors of the observed endogenous variables, e, for 
NA readers is given by: 

1 1  
0 822 
0 0 833 
0 0 0 844 
0 0 0 0 855 
0 0 0 864 0 866 
0 0 0 0 815 0 811 

e,(giJ = 0 0 883 0 0 0 0 8s8 
0 892 893 0 0 0 0 0 899 
0 0 0 0 0 810 6 0 0 0 810,10 
0 0 0 0 Bu s 0 0 0 0 81 1 ,10 81 1 ,1 1 
0 0 0 0 0 0 0 0 812 9 0 0 812,12 
0 813,2 0 0 0 0 0 0 0 0 0 0 813,13 
0 0 0 0 0 0 814,1 0 0 0 814,10 0 0 814,14 
0 0 0 0 0 0 815,1 0 0 0 0 0 0 0 815,1 5 

e,1g21, the variance-covariance matrix of the errors of the observed endogenous variables, e, for 
RD readers is given by: 

1 1  
0 822 
0 0 833 
0 0 0 844 
0 0 0 0 855 
0 0 0 0 0 866 
0 0 0 0 0 0 871 

e,1g21 = 0 0 0 0 0 0 0 8ss 
0 0 0 0 0 0 0 0 899 
0 0 0 0 0 0 0 810,8 0 810,10 
0 0 0 0 0 0 0 0 0 0 81 1,1 1 
0 0 0 0 0 0 0 0 0 0 0 812,12 
0 0 0 0 0 0 0 0 0 0 0 813,12 813,13 
0 0 0 0 0 0 0 0 0 0 0 0 0 814,14 
0 0 0 0 0 0 81 5 1 0 0 0 0 815,12 0 0 81 5,1 5 
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where 814,14, the variance of the measurement error for the PAT performance indicator = 8. 1 8  

9i'l, the matrix representing the variances and covariances of the measurement errors oi is given 
by: 

a& [g] = l!'1 1J 1'1 
where 81 1 £g1 J = 33.605 and 81 1 [&21 = 32.9 

The variance covariance matrix of the disturbances is given by: 

i/t1 1  
Yt21 1/;22 
0 0 Yt33 

irlg] = 0 0 0 Yt44 
0 0 0 0 Vtss 
0 0 0 0 Yt6s 
0 0 0 0 0 

G.4.2.4 Identification of model 

[g] 

Yt66 
0 Vtn 

The model is overidentified. This can be seen from the fact that there are 272 observed variances
covariances and 96 model parameters to be estimated, leaving a model with 1 76 degrees of 
freedom. The 96 model parameters to be estimated include: (a) 8 coefficients A;Y, (b) 7 coefficients 
'Yi• (c) 1 5  coefficients {3i, (d) 2 coefficients of </>, (e) 29 variances and 1 7  covariances of the error 
terms Ej, (f) 1 2  variances and 2 covariances of the disturbances rj• Evidence comes from the 
literature that this type of model is identified. The measurement component of this model is of 
the form of a simple confirmatory factor model; in the presence of correlated errors for the 
observed x and y variables, such models have been shown to be identified by Long ( 1 983a) and 
Horwood ( 1 987). S ince the matrix '1' is not diagonal, the structural component of the model is 
no longer recursive (Long, 1983a). However, in this instance the estimation of the two off 
diagonal elements of the ir matrix does not affect the identifiability of the model. See for 
example, Hanushek and Jackson (1 977) for a discussion of the identifiability of similar non
recursive models. 
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DESCRIPTION OF FINDINGS FOR NESTED SEQUENCE 
OF MODELS FOR HYPOTHESIZED MODELS 1 THROUGH 4 

H.l Model l 
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This section presents a description of a series of competing or nested models that were tested 
for both the measurement and structural parts of Model 1 .  

H.l.l Test of competing models for the measurement model 

A series of distinct hierarchical measurement models were tested for hypothesized Model 1 .  
The chi-square values, associated degrees of freedom and probability levels for the models 
that were evaluated are presented in Table H I .  Also reported are four measures of overall 
adequacy of each model: goodness-of-fit index (GFI), the normed fit index (NFI), the 
parsimonious normed fit index (PNFI), and the standardized root mean square residual 
(RMR). The chi-square difference and its associated degrees of freedom and probability level 
are also presented. 

Model 1 . 1  allowed six errors to correlate in the measurement model for NA readers and three 
errors to correlate in the measurement model for RD readers. A similar factor loading matrix 
across groups was expected, since the same indicators were used in assessing the latent 
variables in both groups. More specifically, it was predicted that, in general, the construct 
pattern for NA and RD readers is similar. If true, this hypothesis would indicate that unit 
increases in true scores led to the same increments in measured variables for RD readers as 
for NA readers. This hypothesis was tested in Model 1 . 1 ,  by constraining all the construct 
loadings for NA and RD readers to be equal. If these constraints do not significantly erode 
the fit of the model to the data, one may conclude that NA and RD readers have a common 
construct pattern for these variables. However, it was noted in the preliminary analyses that 
the failure attribution loadings differed across the groups; loadings were higher for RD readers 
suggesting that the association between the observed failure attributions and the latent 
construct of general attributional style is stronger for RD readers than for NA readers. 
Consequently, it seems more probable that most of the construct patterns would be similar 
across groups except for failure attributions. This hypothesis was also tested (Model 1 .2). 
It should be noted that the fit statistics and parameter estimates are based on the analysis of 
covariance matrices, except the standardised root mean square residual (RMR), which was 
based on the analysis of correlation matrices (see Marsh, 1990, for more elaboration on this 
point). 

The chi-square of Model 1 . 1  was highly significant and thus this model was rejected. The 
\difference in chi-square coefficients for Models 1 . 1  and 1 .2 is itself distributed as chi-square. 
The decrease in chi-square was significant, .1x2(2, N= 405) = 92.3 1 ,  p < .0 1 ,  indicating that 
freeing the construct loadings of the failure attributions resulted in a substantial improvement 
in the fit of the model. As a result, Model 1 .2 which yielded x2(87, N= 405) = 76.29, GFI, 
NFI = .96, PNFI = .64, RMR = .04, was accepted on statistical grounds (p = . 79) as 
producing a good fit for these data. From this information it can be concluded that, in 
general, NA and RD readers have similar factor patterns but differ in their report of failure 
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attributions. These results show some departure from the original specification of total 
factorial invariance for factor loadings. An examination of the modification indices for Model 
1 .2 indicated that two error covariances may also be nonzero. These covariances were not 
freed to avoid overfitting of the model. 

The next alternative model (Model 1 .3) tested the relationships among the five latent variables 
(the true-score constructs) in the NA and RD reader groups. In LISREL, relationships among 
the latent variables are represented by the factor covariance/correlation matrix. In developing 
the measurement model above, the values of the factor covariance matrices had not been 
equated across groups. Thus, the relationships among the underlying true scores could take 
any value and vary between groups. In Model 1 .3,  in addition to the constraints in Model 
1 .2, the values of the phi matrix were constrained to be equal across groups. This 
specification tested the assumption that the true scores had the same pattern of variances and 
covariances in the NA and RD reader groups. As seen in Table H I ,  this model provided a 
poor fit to the data, with chi-square being highly significant. This fmding implies that the 
groups may vary somewhat in the relationships of cognitive, metacognitive, and motivational 
variables in predicting reading achievement. 

In conclusion, Model 1 .2 provided the best fit to the data. 



Table Hl.  Simultaneous tests for the  measurement part of Model 1 

Competing models x2 df p GFI NFI PNFI RMR Ax2 lldf p Accept? 

1 . 1  Model I with all factor 1 68.6 89 .00 .92 .92 .62 . 1 0  - - - No 
loadings invariant across 
groups, and with 6 and 3 
error covariances freed in 
the NA and RD reader 
groups, respectively 

1 .2 Model 1 . 1  with loadings 76.29 87 .79 .96 .96 .64 .04 92.3 1 2 < .0 1 Yes 
of failure attributions 
free across groups 

1 .3 Model 1 .2 with all factor 144.43 1 02 .00 .94 .93 .72 . 1 6  - - - No 
variances and covariances 
invariant across groups 

Tests were carried out hierarchically; each model was tested against the last accepted model. 

t 
...... 
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H.1.2 Test of competing models for the structural model 

The approach taken here was to fit an initial base model (with structural paths unconstrained 
across groups) and then to compare the model with several alternative models which could 
be considered nested in this base model. Each model was tested against the last accepted 
model. The chi-square values, associated degrees of freedom and probability levels for the 
models that were evaluated in this section are presented in Table H2. The summary of 
goodness-of-fit statistics (GFI, NFI, PNFI, RMR) together with the chi-square difference and 
its associated degrees of freedom and probability level are also presented. In general, the 
nested models presented in this section provided a test of the hypotheses that were presented 
in section 6.2. 1 . 1  of Chapter 6. 

Before testing the hypothesized model presented in Figure 4 (see p. 86), an initial model was 
estimated to test the causal relationships proposed in Figure 4, but with the structural 
parameters allowed to vary across the groups. This model tested the hypothesis that all 
structural relationships among the variables will vary in magnitude across groups. The fit 
statistics listed in Table H2 suggest that the initial model provided a good fit to the data. 
Such fit statistics compare the residual differences between the fitted covariance matrix (the 
matrix implied by the model) and the sample covariance matrix (the matrix used to analyze 
the data). Chi-square was small in relation to the degrees of freedom, x2 (89, N= 405) = 
77.58, p = . 80, suggesting that this model provided a plausible explanation to the data. 
Specifically, the probability above . 80 suggests that the model can be accepted as a reasonable 
explanation of the data. 

The results of this initial model (Model 1 . 1 )  confirmed the preliminary findings that ability 
does not directly predict metacognitive knowledge in both groups and hence, this path was 
fixed to zero in all subsequent analyses. The influence of ability on metacognitive knowledge 
was not direct (as hypothesized), but was significantly mediated by attributional style and self
efficacy. As hypothesized, ability did not significantly predict attributions or performance in 
the RD reader group. Contrary to predictions, the path efficacy to performance differed 
across groups. This path was significant for RD readers but not for NA readers, and suggests 
that the efficacy to performance path should not be constrained equal across groups as 
hypothesized in Figure 4.  Examination of the structural parameters indicated that there were 
no substantial differences between these parameters across groups except for the following 
paths: ability to attributions, ability to performance, and efficacy to performance. 

Next, the hypothesized model, as depicted in Figure 4, was estimated. This model (Model 
1 .2) differed from Model 1 . 1  in that: (a) equality constraints were placed on the structural 
parameters of the following paths: ability to efficacy, attributions to efficacy, 
attributions/efficacy to metacognitive knowledge, metacognitive knowledge to performance, 
and efficacy to performance; and (b) the path ability to metacognitive knowledge was fixed 
to zero for both groups. Model 1 .2 also fitted the data well but the change in chi-square 
statistic suggested Model 1 .2 resulted in a significant deterioration in fit, which led to its 
rejection. Hence, it was necessary to consider an alternative model specification. A variation 
on the previous model hypothesized that the path between efficacy and performance would 
differ across groups for the following reasons: (a) it has been suggested by researchers that 
motivational variables may vary in importance in determining performance across age and 
skill levels (e.g., Oka & Paris, 1 987); (b) the covariances of the latent constructs between 
efficacy and performance are markedly different for the two groups; (c) examination of the 
modification indices in Model 1 .2 indicates that an improved fit would be attained if this path 
were unconstrained; and (d) the parameter estimates are substantially different across groups 
for this path in Model 1 . 1 .  Thus, model 1 .3 tested this hypothesis. 



Table H2. Fit Indices for nested sequence of Theoretical Model 1 

Competing models x2 df p GFI NFI PNFI RMR Ax.2 Ad/ p Accept? 

1 . 1  Hypothesized Model I with no constraints on 77.58 89 .80 .96 .96 .65 .040 - - - Yes 
structural parameters across groups 

1 .2 Hypothesized Model 1 . 1  with ability to 99.47 97 .4 1 .95 .95 .70 .064 2 1 .89 8 <.0 1 No 
metacognitive knowledge path fixed to zero, and 
equality constraints placed on six of the 
structural parameters across groups 

1 .3 Model 1 .2 with efficacy to perfonnance path 86. 1 5  96 .75 .96 .96 .70 .05 1 8.57 7 >.2 Yes 
unconstrained across groups 

1 .4 Model 1 .3 with all structural parameters 1 03.7 1 99 .35 .95 .95 .7 1 .06 1 1 7.56 3 <.0 1  No 
constrained to be equal across groups 

1 .5 Model 1 .3 with ability to attributions path 9 1 .75 97 .63 .96 .96 .70 .056 5 .6 I <.02 No 
constrained to be equal 

1 .6 Model 1 .3 with ability to perfonnance path 94.85 97 .54 .96 .96 .68 .050 0.98 2 >.5 No 
constrained to be equal 

1 .7 Model 1 .3 with efficacy to metacognitive 82.40 95 .82 .96 .96 .69 .040 3 .75 I >.05 No 
knowledge path unconstrained across 
groups 

1 .8 Model 1 .3 with metacognitive knowledge to 84.37 95 .77 .96 .96 .69 .052 1 .78 I >. 1 No 
perfonnance path unconstrained across groups 

1 .9 Model 1 .3 with attributions to efficacy path 86. 1 2  95 .73 .96 .96 .69 .050 0.03 I >.5 No 
unconstrained across groups 

1 . 1 0  Model 1 .3 with ability to efficacy path 1 0 1 .28 97 .36 .95 .95 .70 .056 1 5. 1 3  I <.0 1  No 
fixed to zero 

Tests were carried out hierarchically; each model was tested against the last accepted model. 

For all models except Model 1 . 1 ,  the path, ability to metacognltlve knowledge was fixed to zero. 

t 
w 
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Relaxing the constraint on the path between efficacy and performance across groups resulted 
in a marked improvement in the model's fit. The chi-square measure of this revised model's  
fit (Model l .3) was 86. 1 5  with 96 degrees of freedom, indicating a very good fit of the model 
to the data (p = .75). Additionally, the goodness-of-fit indices (GFI = .96; NFI = .96, PNFI 
= .70), and in particular the RMR (of .05 1), showed a marked improvement of the revised 
model over the hypothesized model. The difference in chi-square values between this model 
and Model 1 . 1  yielded �J<?(7, N= 405) = 8.57, which was statistically nonsignificant (p > .2) 
at the .05 level of confidence. Consequently, Model 1 .3 provided a significantly better fit 
to the data than the unconstrained model, implying that only the paths between ability and 
attributions, ability and performance, and efficacy and performance, differentiated NA from 
RD readers, with all other paths being equal. 

Although Model 1 .3 provided a good fit to the data, an even more constrained model might 
also provide an adequate fit. In particular, a model was tested that specified no differences 
between the structural models for the two groups (antithesis of hypothesis no. 6). The only 
differences in paths between Model 1 .3 and Model 1 .4 are the unconstrained paths of efficacy 
to performance, ability to attributions, and ability to performance. The chi-square difference, 
� x2(3, N= 405) = 1 7.56, p < . 0 1 ,  between the two models is significant, leading to the 
rejection of Model 1 .4. The results support the hypothesis that not all structural effects are 
similar across groups. 

Several other competing models were also tested. These were elaborations of Model 1 .3 
resulting from the constraining or freeing of one or more causal paths across groups. Model 
1 .5 allowed for the path between ability and attributions to be constrained equal across 
groups. This constraint was added to test the antithetical hypothesis that RD readers may not 
differ quantitatively in the relationship between ability and attributions. This model produced 
a significant deterioration in fit and was thus rejected. As hypothesized in the present study, 
this finding suggests that the intellectual ability of RD readers is not predictive of adaptive 
attributional style. 

The next competing model (Model 1 .6) tested the hypothesis that the relationship between 
ability and performance is similar for both NA and RD readers, by constraining this path to 
be equal across groups. Carr et al. ( 1991) assumed that ability predicted reading performance 
for both NA and RD readers. However, according to the definition of reading disability, there 
should be a discrepancy between ability and performance for RD readers. The results of 
Model 1 .9 produced a significant deterioration in fit, � J<?(2, N= 405) = 0.98, p > .5, resulting 
in it being rejected in favour of Model 1 .3. These results indicate that the relationship 
between ability and performance differs across groups. 

In each of the next three competing models, a constraint on one of the causal paths was freed 
in Model 1 .3 ,  to test whether the relationship between the variables for RD readers was 
weaker than that for NA readers. For instance, Model 1 .7 allowed for the path between 
efficacy and metacognitive knowledge (as well as the original paths from ability to 
attributional belief, ability to performance, and efficacy to performance) to be unconstrained 
to test the hypothesis that the efficacy expectations of RD readers are weakly related to 
metacognitive knowledge (antithesis of hypothesis no. 1 0). This hypothesis was tested in light 
of recent empirical fmdings (Pintrich et al., 1994) that suggest efficacy may not predict 
metacognitive knowledge for RD readers. For this model, x2(95, N = 405) = 82.40, p = .82, 
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and the goodness-of-fit indices, GFI, and NFI are similar to Model 1 .3 .  Although the RMR 
for this model indicates that it is a slightly better fit, when compared to Model 1 .3, the PNFI 
for this model indicates it is less parsimonious than Model 1 .3. Given that there were no 
significant differences in the chi-square statistic between these models, Model 1 .  7 was rejected 
in favour of the more parsimonious model (Model 1 .3). The results support the hypothesis 
that the relationship between efficacy and metacognitive knowledge is similar across groups. 

Model 1 .8 allowed for the path between metacognitive knowledge and performance to be 
unconstrained. This path was freed to test the hypothesis that the metacognitive knowledge 
of RD readers is weakly related to performance. Some theorists have suggested that RD 
readers possess metacognitive knowledge, but being inactive learners, they do not 
spontaneously apply this metacognitive knowledge to improve performance (Short & Ryan, 
1 984; Torgesen, 1 979). For this model, the difference in chi-square (between Model l . 8  and 
Model 1 .3), .6 X2( 1 ,  N= 405) = 1 .78, p > . 1 ,  was statistically nonsignificant, leading to the 
acceptance of the more parsimonious model which is Model 1 .3 .  

Model 1.9 allowed for the path between attributions and efficacy to be free to test the 
hypothesis that the relationship between attributional beliefs and self-efficacy varies across 
groups (antithesis of hypothesis no. 12).  Conflicting empirical findings have been found on 
the attributions of RD readers. The difference in the chi-square statistic was 0.03 with one 
degree of freedom which was statistically nonsignificant (p > .5), thus leading to the rejection 
of the model. 

In the last competing model (Model 1 . 1  0), the path between ability and efficacy was fixed to 
zero. Carr et al. ( 1991) suggested that the link between ability and the expectancy construct 
(efficacy, or self esteem in the case of Carr et al. ' s  study) is indirect and is mediated by 
attributional beliefs. In contrast, theoretical and empirical fmdings suggest that ability directly 
predicts efficacy (Bandura, 1986; Earley & Lituchy, 1991). These competing models were 
tested. Model 1 . 1 0 yielded a highly significant chi-square difference statistic. Thus, the 
additional constraint led to a significant deterioration in the fit of the model, .6 �( 1 ,  N= 405) 
= 1 5  . 13, p < . 0 1 ,  which resulted in its rejection. These fmdings suggest that, in addition to 
the mediating effect of attributions, ability also has a direct and significant effect on efficacy. 

In conclusion, Model 1 .3 provided the best fit to the data. 

H.2 Model 2 

This section provides a description of the sequence of nested modes that were tested for the 
structural part of hypothesized Model 2. In general these nested models provided a test of 
the hypotheses that were presented in section 6.2.2 . 1  of Chapter 6. Competing models for the 
measurement part of Model 2 were not tested as the construct patterns of the factors have 
been established to a large extent in Measurement Model 1 .  

Before testing the hypothesized model, the least restrictive model was estimated to test the 
causal relationships proposed in Figure 5 (see p. 89), where the structural parameters were 
allowed to vary across the groups. The results of Model 1 suggested that the path ability to 
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Table H3. Flt Indices for nested sequence of Theoretical Model 2 

Competing models xl df p GFI NFI PNFI RMR t:.X: Adf p Accept? 

2. 1 Hypothesized Model 2 with 1 24.24 1 3 1  .65 .95 .95 .69 .044 - . - - Yes 
no constraints on structural 
parameters across groups 

2.2 Hypothesized Model 2. 1 1 34 .71  1 37 .54 . .95 .95 .72 .07 1 1 0.47 6 >.05 Yes 
with equality constraints 
placed on six of the 
structural parameters 
across groups 

2.3 Model 2.2 with path from 1 30.36 1 36 .62 .95 .95 .7 1 .057 4.35 1 <.05 No, borderline 
metacognitive knowledge to 
combined strategy use 
unconstrained across groups 

2.4 Model 2.2 with path from 140.09 1 3 8  .43 .95 .95 .72 .070 5 .38 1 <.05 No 
combined strategy use to 
performance constrained to 
be equal across groups 

2.5 Model 2.2 with path from 1 26.8 1 1 35 .68 .95 .95 .7 1 .057 7.90 2 <.02 No, theoretically 
attributions to combined not interpretable 
strategy use set free in 
both groups 

Tests were carried out hierarchically; each model was tested against the last accepted model. 
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metacognitive knowledge should be fixed to zero for Model 2. The fit statistics listed in 
Table H3 suggest that Model 2. 1 provided a good fit to the data. Chi-square was small in 
relation to the degrees of freedom, X: ( 1 3 1 ,  N= 395) = 1 24.24, GFI, NFI = .95, PNFI = .69, 
RMR. = .044, and was not statistically significant ( p = .65), suggesting that this model 
provided a plausible explanation to the data. This base model is guaranteed to yield the 
lowest value of chi-square because it has the fewest restrictions. All other models are nested 
within this base model, because one can form all other models by placing or removing one 
or more restrictions on the base model (i.e., fixing equality constraints on one or more of the 
structural paths). 

Next, the hypothesized model as depicted in Figure 5 (see p. 89) was tested, with some minor 
modifications. The fmdings of Model 1 suggested that hypothesized Model 2 required 
respecification and the following a posteriori modifications were made: (a) the ability to 
metacognitive knowledge path was fixed to zero; and (b) the efficacy to performance path was 
freed across groups. As a consequence, Model 2.2 differed from Model 2. 1 in that equality 
constraints were imposed on the structural parameters of the following paths: ability to 
efficacy, attributions to efficacy, attributions/efficacy to metacognitive knowledge, 
metacognitive knowledge to combined strategy use, and efficacy to combined strategy use. 

Thus, the hypothesized model as depicted in Figure 5, was estimated with the abovementioned 
a posteriori respecifications. The chi-square measure of this respecified model' s  fit (Model 
2.2) was 1 34.7 1  with 137 degrees of freedom, indicating a very good fit of the model to the 
data (p = .95). The difference in chi-square values between Model 2.2 and Model 2. 1 
yielded .t. x2(6, N= 395) = 1 0.47, which was statistically nonsignificant (p >.05). Thus, Model 
2.2 provided a significantly better fit to the data than the unconstrained model. This implies 
that the relationships among the variables are essentially the same across groups, except those 
between ability and attributions, ability and performance, efficacy and performance, and 
combined strategy use and performance. 

Three other competing models were also tested. These models were elaborations of Model 
2.2 resulting from the freeing or constraining of one or more causal paths across groups. 
Model 2.3 is Model 2.2 with the unconstraining of the metacognitive knowledge to combined 
strategy use path; Model 2.4 is Model 2.2 with the constraining of the combined strategy use 
to performance path; and Model 2.5 is Model 2.2 with the freeing of the attributional style 
to combined strategy use path. 

Model 2.3 was tested to ascertain whether the relationship between metacognitive knowledge 
and combined strategy use varied between RD and NA readers (antithesis of hypothesis no. 
4). It has been suggested that in contrast to NA readers who use their metacognitive 
knowledge in the form of strategies, RD readers possess the metacognitive knowledge, but 
do not expend the effort to use the strategies (Short & Ryan, 1 984). For Model 2.3, x_2( 1 36, 
N= 395) = 1 30.36, p = .62, the goodness-of-fit indices, GFI and NFI, are similar to Model 
2.2. Although the standardized RMR. for this model indicated that it was a better fit, when 
compared to Model 2.2, the PNFI for this model indicated it was slightly less parsimonious 
than Model 2.2. Although there was a significant difference in the chi-square statistic 
between these models, the difference was considered to be of borderline significance., leading 
to the rejection of Model 2.3. These findings support the hypothesis that the magnitude of 
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the relationship between metacognitive knowledge and combined strategy use is similar 
across groups. 

The relationship between combined strategic behaviour and reading performance is unclear 
in the research literature, particularly with regard to RD readers. Hence, Model 2.4 was tested 
to determine whether the relationship between strategic behaviour and reading performance 
was similar across groups (antithesis of hypothesis no. 5). For this model, x2(1 38, N= 395) 
= 140.09, p = .43, and the difference in chi-square was significant, leading to its rejection. 
These fmdings suggest that although the relationship between metacognitive knowledge and 
performance is similar across groups as was indicated in Model I ,  combined strategy use 
differs in its mediating effect across groups. 

In Model 2.5, the path from attributions to combined strategy use was added, on the basis of 
the criteria of substantive interpretability and expected gain in model fit (MacCallum, 1 986). 
The modification indices in Model 2.2 suggested that an even better fit could be obtained by 
adding a direct path from attributional style to combined strategy use. Moreover, Borkowski 
and Muthukrishna ( 1 992) theorized a direct relationship b'etween attributions and strategy use 
(more specifically metacognitive strategy use). Addition of this path resulted in an improved 
fit. Although this improvement in fit was significant and resulted in an extremely well fitting 
model, an anomalous negatively valenced coefficient for the direct path of attributions to 
combined strategy use resulted. This result was contrary to theory, logic, and the cumulative 
fmdings of empirical research pertaining to this relationship. Thus, although the data 
suggested a significant improvement in fit by including the path attributions to combined 
strategy use, freeing this path adversely affected the precision and interpretability of the path 
estimate. Model 2.5 was therefore rejected. 

In conclusion, Model 2.2 provided the best fit to the data. 

H.3 Model 3 

This section presents a summary of the nested sequence of models tested for the structural 
part of hypothesized Model 3.  This sequence of models, for the most part, provided a test of 
the hypotheses presented in section 6.2.3. 1  of Chapter 6. 

As was the case for Models 1 and 2, a series of hierarchically nested models was tested. 
Before testing hypothesized Model 3, the least restrictive model was estimated to test the 
causal relationships proposed in Figure 6 (see p. 91), but with the structural parameters 
allowed to vary across the groups. As before, the path ability to metacognitive knowledge 
was fixed to zero. The fit statistics listed in Table H4 suggested that Model 3 . 1  provided a 
good fit to the data. Chi-square was small in relation to the degrees of freedom, x2 ( 169, N= 
3 95) = 145.28, p = .9 1 ,  suggesting that this model provided a reasonably good fit to the data. 
Examination of the structural parameter estimates indicated that, in addition to the ability to 
attributions, ability to performance, and efficacy to performance paths, the cognitive strategy 
use to performance path was also dissimilar across groups. 

Next, the hypothesized model as depicted in Figure 6, with the abovementioned a posteriori 
respecifications, was estimated. Thus, Model 3 .2 differed from the previous model in that 
equality constraints were imposed on the structural parameters of the following paths: ability 
to efficacy, attributions to efficacy, attributions/efficacy to metacognitive knowledge, 
metacognitive knowledge to metacognitive/cognitive strategy use, metacognitive strategy use 



Table H4. Fit Indices for nested sequence of Theoretical Model 3 

Competing moCiels ·x_l d] p GFI NFI PNFI RMR l1x2 l1d] p Accept? 

3 . 1  Hypothesize(J MoCiel 3 with no constraints on 
structural parameters across groups 

1 45.28 169 .91 .95 .95 .67 .043 - - - Yes 

3 .2 Hypothesized Model 3 . 1  with equality 1 59.0 1 1 78 .84 .95 .95 .70 .074 1 3 .73 9 >.2 Yes 
constraints placed on nine of the structural 
parameters across groups 

3.3 Model 3 .2 with path from cognitive strategy 
use to performance constrained equal 

1 66.92 1 79 .73 .95 .94 .70 .072 7.9 1 1 <.0 1 No 

across groups 

3 .4 Model 3 .2 with path from metacognitive 1 57.79 1 77 .85 .95 .95 .70 .074 1 .22 1 >.2 No 
strategy use to performance unconstrained 
across groups 

3 . 5  Model 3 .2 with path from metacognitive 
knowledge to metacognitive strategy use 
unconstrained across groups 

1 57.28 1 77 .85 .95 .95 .70 .069 1 .73 1 >. 1 No 

3 .6 Model 3 .2 with path from metacognitive 1 56.52 1 77 .86 .95 .95 .70 .065 2.49 1 >. I No 
knowledge to cognitive strategy use 
unconstrained across groups 

3 .7 Model 3 .2 with path from efficacy to 1 57.38 1 77 .85 .95 .95 .70 .069 1 .63 1 >.1  No 
metacognitive strategy use unconstrained 
across groups 

3 .8 Model 3.2 with path from efficacy to 
cognitive strategy use unconstrained 

1 57.00 1 77 .86 .95 .95 .70 .066 2.0 1 1 >. 1 No 

across groups 

3 .9 Model 3 .2 with path attributions to 1 57.48 1 77 .85 .95 .95 .70 .073 1 .53 I >.2 No 
metacognitive strategy use set free 
but constrained equal across groups 

3 . 1 o· Model 3 .2 with path from metacognitive 1 60. 1 3  1 79 .84 .95 .95 .7 1 .075 - - - No, for 
strategy use to cognitive strategy use theoretical 
set free but constrained equal reasons 
across groups 

Tests were carried out hierarchically; each model was tested against the last accepted model except for Model 3.1  0' which was not a nested model. 

t \C 
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to performance, and efficacy to metacognitive/cognitive strategy use. Model 3 .2 differed 
from the hypothesized model depicted in Figure 6 in the following ways: the path ability to 
metacognitive knowledge was fixed to zero; and the path efficacy to performance was allowed 
to vary across groups. ' 

The chi-square measure of this respecified model's fit (Model 3 .2) was 159.01 with 178 
degrees of freedom, indicating an extremely good fit of the model to the data (p = .95). 
Three fit indices suggested an adequate fit (GFI = .95; NFI = .95, PNFI = . 70), although the 
RMR of .074 suggested significant deterioration in fit. The difference in chi-square values 
between this model and Model 3 . 1  yielded t:.�(9, N= 395) = 13 .73, which was statistically 
nonsignificant (p > .2). Thus, the hypothesized model provided a significantly better fit to 
the data than the unconstrained model, implying that the relationships among the variables are 
essentially the same across groups except for those between ability and attributions, ability 
and performance, efficacy and performance, and cognitive strategy use and performance. 

Although Model 3 .2 provided a good fit to the data, an even more constrained model might 
also provide an adequate fit. In particular, a model was tested that specified no difference 
between the cognitive strategy to performance path across groups (antithesis of hypothesis no. 
6). The only difference in paths between Model 3.3 and Model 3.2 is the constrained path 
of cognitive strategy use to performance. An equality constraint was added to test the 
hypothesis that RD readers did not differ in magnitude from NA readers in the relationship 
between cognitive strategy use and performance. Model 3.3 essentially tests the antithesis of 
the "inactive" and "inefficient" learner views. As both these views implicate strategic 
deficiencies in RD children, these views would predict that cognitive strategy use does not 
predict performance for RD children. The chi-square difference, t:. x2( 1 ,  N= 395) = 7.9 1 ,  p 
< .0 1 ,  indicated that the constraint imposed by Model 3 .3  resulted in a significant 
deterioration of fit. Thus, it can be concluded that the relationship between cognitive strategy 
use and performance varies between the groups. The fmdings of this model also provides 
support for both the "inactive" and "inefficient" learner views of reading disability, which 
suggest that cognitive strategy use does not predict reading performance for RD readers . 

. Several other competing models were also tested. These were elaborations of Model 3.2 
resulting from the freeing of one or more causal paths across groups. One of the hypotheses 
proposed for Model 3 was that the relationship between metacognitive strategy use and 
performance would be similar across groups (hypothesis no. 7). Model 3 .4 tested the 
antithesis of hypothesis 7 by freeing the path between metacognitive strategy use and 
performance across groups. Given that there were no significant differences in the chi-square 
statistic, t:. x2(1 ,  N= 395) = 1 .22, p > .2, between these models, Model 3 .4 was rejected in 
favour of the more parsimonious Model 3 .2. The fmdings suggested that RD readers do not 
differ from NA readers in the strength of the relationship between metacognitive strategy use 
and performance. 

Models 3.5 and 3 .6 were tested to clarify the competing views of researchers on the 
relationship between metacognitive knowledge and metacognitive/cognitive strategy use for 
RD readers (see Chapter 6, section 6. 1 .2.2). Generally, for NA readers, the evidence for a 
positive correlation between metacognitive knowledge and metacognitive/cognitive strategy 
use outweighs the counterevidence. However, conflicting fmdings have been found for RD 
readers. Thus, Models 3.5 and 3.6 were tested to determine whether the relationships between 
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metacognitive knowledge and metacognitive/cognitive strategy use were similar across groups 
(antitheses of hypotheses no. 8 and 9). Model 3 .5 allowed for the metacognitive knowledge 
to metacognitive strategy use path to be unconstrained. For Model 3.5, �( 1 77, N= 395) = 
1 57.28, p = .85, and the difference in 'chi-square (between Model 3 . 5  and Model 3 .2) was 
statistically nonsignificant, leading to the acceptance of the more parsimonious Model 3 .2. 
Model 3 .6  tested whether the relationship between metacognitive knowledge and cognitive 
strategy use was similar across groups. This model tested the competing predictions of the 
"inactive" and "inefficient" learner views. There was no significant difference in the cm
square statistic between Models 3 .6 and 3.2, and thus Model 3.6 was rejected in favour of the 
more parsimonious Model 3 .2. These results provide some indirect support for the 
"inefficient" learner view which posits that metacognitive knowledge predicts cognitive 
strategy use for RD children. 

The next two alternative models tested the antitheses of hypotheses 1 0  and 1 1 , proposed for 
Model 3 .  The hypotheses tested in the following two models were that the strength of the 
effect of efficacy on metacognitive/cognitive strategy use would differ across groups. Model 
3 .  7 allowed for the path between efficacy and metacognitive strategy use to be unconstrained 
across groups whilst Model 3.  8 allowed for the path between efficacy and cognitive strategy 
use to be unconstrained across groups. For both these models, the differences in chi-square 
were statistically nonsignificant, leading to the acceptance of the more parsimonious model, 
Model 3 .2. As hypothesized, these fmdings imply that the relationships between efficacy and 
metacognitive/cognitive strategy use are essentially the same across groups. 

The next competing model, Model 3.9, was tested to investigate Borkowski and 
Muthulcrishna's ( 1 992) theoretical proposition that attributional style predicts metacognitive 
strategy use or executive processes. In Model 3 .9, the path attributional style to metacognitive 
strategy use was freed but constrained equal across groups. The difference in chi-square was 
statistically nonsignificant, t..x2( 1 ,  N= 395) = 1 .53, p > . 1 ,  leading to its rejection and the 
acceptance of the more parsimonious model, Model 3.2. These fmdings do not support 
Borkowski and Muthukrishna's prediction that attributional style predicts metacognitive 
strategy use. 

The last competing model was tested to investigate Borkowski et al. 's ( 1 989, 1 990, 1 992) 
theoretical proposition that metacognitive strategy use predicts cognitive strategy use. To 
achieve this the correlation between the disturbances of the metacognitive and cognitive 
strategy use latent variables was replaced in Model 3. 1 0  by a direct path from metacognitive 
to cognitive strategy use. This direct path was constrained to be equal across groups. Both 
models appear to fit the data equally well. However, releasing the path from metacognitive 
strategy use to cognitive strategy use, rendered some of the other theoretically predicted paths 
(viz., efficacy to cognitive strategy use, and metacognitive knowledge to cognitive strategy 
use) to be statistically nonsignificant. This model was considered unacceptable, given 
previous research fmdings supporting these relationships, and hence Model 3 . 10  was rejected. 

In conclusion, Model 3.2 was accepted as providing the best fit to the data. 
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H.4 Model 4 

This section presents a description of the competing models that were tested for hypothesized 
Model 4. A number of competing models in this section provided a test of the hypotheses 
presented in section 6.2.4. 1 of Chapter 6. 

As with previous models, the approach taken here was to fit an initial structural model (which 
had no equality constraints on its structural paths across groups), followed by several 
alternative models. The competing models tested were largely exploratory in nature. This 
was because no hypotheses were formulated regarding the differential effects of the 
attributional subcomponents, given the lack of theory and empirical fmdings in the 
achievement literature. 

Before testing the hypothesized model, the least restrictive model was estimated to test the 
causal relationships proposed in Figure 7 (see p. 94). However, the structural parameters were 
allowed to vary across the groups. Again, the path ability to metacognitive knowledge was 
fixed to zero. The fit statistics (see Table H5) suggested that Model 4. 1 provided a good fit 
to the data. Chi-square was small in relation to the degrees of freedom, x? (1 66, N= 395) 
= 1 52. 1 9, p  = .77, suggesting that this model provided a good fit to the data (GFI, NFI = .95, 
PNFI = .66, RMR = .044). 

The analysis of Model 4. 1 revealed a number of interesting results which were contrary to 
predictions. Success attributions significantly predicted efficacy for NA readers but not for 
RD readers. Conversely, failure attributions significantly predicted efficacy for RD readers 
but not for NA readers. Only failure attributions were a significant predictor of metacognitive 
knowledge in both groups. These fmdings suggest that the hypothesized model in Figure 7 
may warrant further respecification. 

Next, the a posteriori hypothesized model was estimated, with respecifications similar to 
Model 3. This model differed from Model 4. 1 in that equality constraints were imposed on 
the structural parameters of the following paths: ability to efficacy, success/failure attributions 
to efficacy, success/failure attributions to metacognitive knowledge, efficacy to metacognitive 
knowledge, metacognitive knowledge to metacognitivelcognitive strategy use, metacognitive 
strategy use to performance, and efficacy to metacognitive/cognitive strategy use. 

The chi-square value of the fit of Model 4.2 was 1 64.47 with 1 77 degrees of freedom, 
indicating a good fit of the model to the data (p = . 74). The difference in chi-square values 
between Model 4.2 and Model 4. 1 yielded a x2(1 0, N= 395) = 1 2.28, which was statistically 
nonsignificant (p > .2). Thus, the hypothesized Model 4.2 provided a better fit to the data 
than the unconstrained structural model (Model 4. 1 ). 

The fmdings of Model 4. 1 revealed that success attributions may not significantly predict 
metacognitive knowledge. The next model (Model 4.3) was tested to ascertain whether fixing 
to zero the path success attributions to metacognitive knowledge would result in a 
deterioration of fit. For this model, x2(1 78, N= 395) = 1 65.09, p = .75, and the difference 
in chi-square (between Model 4.3 and Model 4.2) was statistically nonsignificant, leading to 
the acceptance of the more parsimonious Model 4.3. These findings suggest that success 
attributions do not significantly predict metacognitive knowledge. 



Table HS. Fit Indices for nested sequence of Theoretical Model 4 

Competing models ·x_l df p GFI NFI 

4 . 1  Hypothesized Model 4 with 1 52. 1 9  1 66 .77 .95 .95 
no constraints on structural 
parameters across groups 

4.2 Hypothesized Model 4 . 1  with 1 64.47 1 77 .74 .94 .95 
equality constraints placed on 
eleven of the structural 
parameters across groups 

4.3 Model 4.2 with path success 1 65 .09 1 78 .75 .94 .95 
attributions to metacognitive 
knowledge fixed to zero for 
both groups 

4.4 Model 4.3 with path fai lure 1 62.96 1 77 .77 .94 .95 
attributions to metacognitive 
knowledge unconstrained across 
groups 

4.5 Model 4.3 with paths success 1 59.67 1 76 .8 1 .95 .95 
and failure attributions to 
efficacy unconstrained across 
groups 

Tests were carried out hierarchically; each model was tested against the last accepted model. 

PNFI RMR A.x.2 

.66 .044 -

.70 .050 1 2.28 

.70 .050 0.62 

.70 .053 2 . 1 3  
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1 0  

1 
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2 

P ·  

-

>.2 
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>.05 
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Two other competing models were also tested. These were elaborations of Model 4.3 
resulting from the freeing or constraining of one or more causal paths across groups. Model 
4.4 allowed for the path between failure attributions and metacognitive knowledge to be 
unconstrained across groups. This constraint was removed to test the hypothesis that the 
relationship between failure attribution style and metacognitive knowledge would vary across 
groups (antithesis of hypothesis no. 4). Given that there was no significant difference in the 
chi-square statistic, .o. x2( 1 ,  N= 395) = 2. 13, p > .05, between these models, Model 4.4 was 
rejected in favour of the more parsimonious Model 4.3. Hence, it can be concluded that the 
relationship between failure attributions and metacognitive knowledge is similar across groups. 

The next competing model (Model 4.5) tested the hypotheses that the paths success 
attributional style to efficacy and failure attributional style to efficacy would differ in 
magnitude across groups (antitheses ofhypotheses no. 5 and 6). The difference in chi-square 
was considered to be of borderline significance, leading to its acceptance. This model was 
accepted in light of the findings of Model 4. 1 which suggested that success and failure 
attributions have differential effects on efficacy, and that these effects vary in magnitude 
across groups. 

The above findings between attributional style and efficacy seem contradictory to the findings 
of Models 1 ,  2 and 3 at first sight. Models 1 through 3 suggested that the magnitude of the 
effect of general attributional style on efficacy is equal across groups. This inconsistency may 
be explained by suggesting that the joint or common influence of success and failure 
attributions on efficacy is equal, but the individual effects of the subcomponents vary in 
magnitude across groups. 

In conclusion, Model 4.5 provided the best fit to the data. 
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APPENDIX I 

ERROR V ARIANCE-COV ARIANCE MATRICES FOR STRUCTURAL 
\ 

MODELS 1 THROUGH 4 

Table 11. Common metric completely standardized solution of error variances and covariances for NA and 

RD readers for revised theoretical Model 1 

NA readers 
1 .  contros 0.3 1 
2. stabs 
3.  stabf 
4. controf 
5. inters 
6. effica 
7. efficb 
8. msi 
9. ira 

1 0. pat 
1 1 . class 
12.  iq 

RD readers 
1 .  contros 0.48 
2. stabs 0. 1 3  
3 .  stabf 
4. controf 
5. inters 
6. effica 
7. efficb 
8. msi 
9. ira 

10. pat 
1 1 . class 
12.  iq 

2 

0.28 

0.44 

3 

0.49 
0. 1 6  

0. 1 0  

0. 1 2  
-0. 1 0  

0.26 

4 

0.48 

0.38 
-0. 1 1  

5 

0.27 

0.76 

6 

0.56 

0.36 

7 

0.50 

0.25 
0. 1 5  

0.40 

-0. 1 0  

8 

0.55 

0.44 

9 1 0  1 1  1 2  

0.4 1 
0.28 

0.42 
0.44" 

0.77 
0.03" 

0.65 
0.45' 

Key of variables names: contros = controllability dimension of success attributions; stabs = stability dimension of success attributions; 
stabf = stability dimension of failure attributions; controf = controllability dimension of failure attributions; inters = intemality (locus) 

dimension of success attributions; effica = general measure of self-efficacy; efficb = task-specific measure of self-efficacy; msi = MSI 
measure of metacognitive knowledge; ira = IRA measure of metacognitive knowledge; pat = standardized measure of reading 
comprehension; class = classroom measure of reading performance; iq = intellectual ability as measured by WISC-R. 
All residuals are significant at p S .05 (two-tailed). 
• Unstandardized values of these parameters were fixed. 



456 

Table 12. Common metric completely standardized solution of error variances and covariances for NA and 

RD readers for revised theoretical Model 2 

NA readers 
1 .  contros 
2. stabs 
3 .  stabf 
4. controf 
5. inters 
6. effica 
7. efficb 
8.  msi 
9. ira 

1 0. strat i 
1 1 . strat2 
1 2. pat 
1 3 .  class 
14. iq 

RD readers 
I .  contros 
2. stabs 
3. stabf 
4. controf 
5 .  inters 
6 .  effica 
7. efficb 
8. msi 
9.  ira 

1 0. strat 1 
1 1 . strat2 
1 2. pat 
1 3 .  class 
1 4. iq 

2 3 4 5 

0.28 
0.28 

0.48 
0. 1 5  0.48 

0.28 
0. 1 0  

0 . 1 1 
-0.09 

-0.08 

0.44 
0. 1 3  0.45 

0.27 
0.38 

-0. 1 2  0.73 

6 

0.59 

0.35 

7 

0.47 

0.2 1 
0 . 1 5  

0.37 

-0. 1 0  

8 

0.5 1 

0.40 

9 1 0  1 1  

0.43 
0.44 

-0.07 0.28 
0.1 1 

0 .74 
024 

0.45 

1 2  1 3  1 4  

0.2 1 
0.4 1 

0.45" 

0.03' 
0.64 

0.441 

Key of variables names: contros = controllability dimension of success attributions; stabs = stability dimension of success attributions; 
stabf = stability dimension of failure attributions; controf = controllability dimension of failure attributions; inters = intemality (locus) 
dimension of success attributions; effica = general measure of self-efficacy; efficb = task-specific measure of self-efficacy; msi = MSl 
measure of metacognitive knowledge; ira = IRA measure of metacognitive knowledge; strat i = self-report measure of combined strategy 
use; strat2 = behavioural measure of combined strategy use; pat = standardized measure of reading comprehension; class = classroom 

measure of reading perfonnance; iq = intellectual ability as measured by WISC-R. 
All residuals are significant at p :S .05 (two-tailed). 
• Unstandardized values of these parameters were fixed. 
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Table 13. Common metric completely standardized solution of error variances and covariances for NA and 

RD readers for revised theoretical Model 3 

2 3 4 

NA readers 
1 .  contros 0.28 
2. stabs 0.28 
3. stabf 0.48 
4. controf 0. 1 1  0.48 
5.  inters 
6. effica 
7. efficb 
8. rnsi 
9. ira 
10. rneta 
1 1 . coga 
1 2. metb 
1 3 .  cogb 
14. pat 
1 5 .  class 
1 6. iq 

RD readers 
I .  contros 0.44 

-0. 1 0  

-0.09 

2. stabs 0. 12  0.44 

0.10 

0. 1 1  

3 .  stabf 0.38 
4.  controf 0.29 

5 6 7 

0.28 
0.57 

0.07 0.47 

-0. 10  
0.09 

0.2 1 
0 . 1 5  

5 .  inters -0. 1 5  0.72 
6. effica 
7. efficb 
8. rnsi 
9. ira 

1 0. rneta 
1 1 . coga 
1 2. rnetb 
1 3 .  cogb 
14. pat 
15 .  class 
16.  iq 

0.35 
0.05b 0.38 

-0. 1 0  

-0. 10  

8 

0.5 1 

0.37 

9 

0.43 

1 0  1 1  

0.57 
0. 1 3  0.39 

12 

-0. 12 0.4 1 

1 3  1 4  

0.26 
0. 1 6  0. 1 9  

0.75 
-0.09 0.23 

0.34 
0.56 
0 . 1 2  0.65 

o.o3a 

1 5  1 6  

0.46 
0.45' 

0. 1 0  0.65 
0.44' 

Key of variables names: contros = controllability dimension of success attributions; stabs = stability dimension of success attributions; 
stabf = stability dimension of failure attributions; controf = controllability dimension of failure attributions; inters = intemality (locus) 

dimension of success attributions; effica = general measure of self-efficacy; efficb = task-specific measure of self-efficacy; msi = MSI 
measure of metacognitive knowledge; ira = IRA measure of metacognitive knowledge; meta = self-report measure of metacognitive 
strategy use; coga = self-report measure of cognitive strategy use; metb = behavioural measure of metacognitive strategy use; cogb = 

behavioural measure of cognitive strategy use; pat = standardized measure of reading comprehension; class = classroom measure of 

reading performance; iq = intellectual ability as measured by WISC-R. 
All residuals are significant at p :S .05 (two-tailed) .. 
• Unstandardized values of these parameters were fixed. 
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Table 14. Common metric: completely standardized solution of error varianc:es and covarianc:es for NA and 

RD readers for revised theoretical Model 4 

1 2 

NA readers 
I .  contros 0.27 
2. stabs 0.28 

3 

3. stabf 0.34 
4. controf 
5. inters 
6. effica 
7. efficb 
8. msi -0. 12  
9 .  ira -0.09 -0.07 

1 0. meta 
1 1 . coga 
1 2. metb 
1 3 .  cogb -0.08 
1 4. pat 
1 5. class 
1 6. iq 

RD readers 
1 .  contros 0.34 
2. stabs 0.33 
3. stabf 0.38 
4. controf 
5.  inters 
6. effica 
7. efficb 
8. msi 
9. ira 

10. meta 
1 1 . coga 
1 2. metb 
13 .  cogb 
14. pat 
15 .  class 
16 .  iq 

4 5 6 7 8 

0.32 
0.28 

9 1 0  1 1  12 13  14  1 5  1 6  

0.1 1 0.56 

0.25 

0.06 0.48 
0.49 

0.42 
-0. 10  0.58 

0.09 0. 13  0.39 

0.72 
0.35 

-0. 12 0.40 
0.26 

0.2 1 0 . 16  0.20 
Q 14 0.46 

0.37 

-0.09 

0.38 
0.73 

-0.09 0.24 
0.34 

0.56 
0. 12 0.64 

0.03" 
0. 10  0.64 

0.45" 

0.44" 

Key of variables names: contros = controllability dimension of success attributions; stabs • stability dimension of success attributions; 
stabf = stability dimension of failure attributions; controf • controllability dimension of failure attributions; inters • intemality (locus) 
dimension of success attributions; effica = general measure of self-efficacy; efficb ... task-specific measure of self-effic:ac:y; msi .. MSI 
measure of metacognitive knowledge; ira = IRA measure of metacognitive knowledge; meta '"' self-report measure of metacognitive 
strategy use; coga = self-report measure of cognitive strategy use; metb = behavioural measure of metacognitive strategy use; cogb = 
behavioural measure of cognitive strategy use; pat = standardized measure of reading comprehension; class = classroom measure of 
reading performance; iq = intellcdUal ability as measured by WISC-R. 

All residuals are significant at p ::; .OS (two-tailed). 
• Unstandardiz.ed values of lhese parameters were fiXed. 
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Many researchers have failed to report the ethnic and gender memberships of their subjects, 
despite the fmding that ethnicity and gender differences occur between NA and RD readers. 
Furthermore, empirical fmdings indicate that these demographic variables should be 
considered, particularly when research includes an examination of motivational beliefs and 
strategy use (Eccles et al., 1 983; S. Graham & Long, 1 986; Wigfield & Asher, 1 984). 

Empirical research on the effect of ethnicity on motivational beliefs is scarce; however, there 
is some evidence which suggests that ethnicity influences academic performance. In contrast, 
research on gender differences is prolific. Although findings are inconsistent across studies, 
girls generally report lower estimates of their academic abilities and lower achievement 
expectations, even if they perform as well as or better than boys (Eccles et al., 1 983). These 
expectancy related perceptions have the strongest influence among junior high school students 
(Bemdt & Miller, 1990; Meece et al., 1 990), and may have a direct or indirect impact on 
students' use of reading strategies. However, recent research suggests that the gender 
differences in students' achievement related perceptions are quite small in magnitude (Hyde, 
Fennema, Ryan, Frost, & Hopp, 1990) and represent situational effects rather than enduring 
dispositions (Deaux & Major, 1987). 

As the aforementioned relationships involving demographic variables of ethnicity and gender 
are of less interest to this study, these variables are included as control variables. It is 
important to note that the results of the present study revealed overall mean gender and 
ethnicity differences on some of the variables under study. Hence, one secondary goal of this 
study is to determine whether the inclusion of these control variables appreciably changes the 
pattern of relationships proposed in the four hypothesized models (see Figures 4 - 7, Chapter 
6). 

J.l Hypothesis 

It is expected that: 

1 .  The inclusion of gender and ethnicity variables will not change the basic 
hypothesized relationships amongst the variables in Models 1 through 4. 

J.2 Results: LISREL analyses of hypothesized models which included 
ethnicity and gender variables 

Causality was further built into the four hypothesized models (Figures 4 - 7, Chapter 6) by 
the inclusion of ethnicity and gender to determine the extent to which the structure of the 
models was affected by the inclusion of these demographic variables. Ethnicity and gender 
were each specified by a single indicator. Because these measures were relatively objective 
measures, they were assumed to be measured without error. The observed variables were 



460 

therefore made isomorphic with the underlying theoretical constructs (i.e., the observed 
variables were given a loading of 1 .0 and a residual of 0). Simultaneous multisample 
analyses were conducted for each of the four models following the specifications of the best 
fitting models in the main analyses (see Appendix G). However, there was a small 
difference in the specification of the measurement models which contained the demographic 
variables: the IRA measure of metacognitive knowledge was assumed to be influenced by 
ethnicity. 

Table J l .  Fit indices for Measurement and Structural Models with demographic variables 

Hypothesized models X: df p GFI NFI PNFI RMR 

Measurement models only 
Model 1 I 0 1 .8 1  1 14 .79 .96 .96 .60 .037 
Model 2 1 40.4 1 1 52 .74 .95 .95 .60 .040 
Model 3 1 58.2 1 1 9 1  .96 .95 .95 .59 .040 
Model 4 149.3 1 1 78 .94 .95 .95 .55 .038 

Full measurement and structural models 
Model 1 1 1 1 .89 123 .75 .96 .95 .64 .043 
Model 2 1 58 .86 168 .68 .95 .94 .66 .059 
Model 3 1 84.98 2 1 3  .92 .95 .94 .66 .063 
Model 4 1 85 .47 208 .87 .95 .94 .64 .046 

Preliminary analyses of these models indicated that there was a confounding effect of 
ethnicity on the IRA measure of metacognitive knowledge. Inspection of the means indicated 
that non-Europeans tended to have lower metacognitive knowledge scores on this measure 
suggesting that Europeans and non-Europeans tended to respond differently to this measure. 
This methodological problem was controlled for by allowing ethnicity to directly influence 
the IRA measure of metacognitive knowledge. This resulted in a significant decrease in chi
square, suggesting improved model fit. No substantial differences in the factor loadings of 
the latent constructs or the structural parameters occurred as a result of this modification; that 
is, it improved fit but did not alter measurement properties. Table Jl presents the fit indices 
of the measurement and structural systems of Model 1 through 4. The goodness-of-fit indices 
indicate that all four models fit extremely well to the data 

A comparison of the parameter estimates and the squared multiple correlations of the factors 
for the structural model with and without demographic variables is presented for each model 
and for each group (see Tables J2 through JS). In Tables J2 through JS, ability, ethnicity and 
gender represent the latent independent or exogenous variables whilst attributions, efficacy, 
metacognitive knowledge, strategy use, and performance represent the latent endogenous or 
predictor variables. In each pair of rows in the table, the non-bracketed numbers show the 
regression (Beta) coefficients and associated t values (italicized) for the predictors of that 
latent construct in that group. For comparative purposes, the corresponding Beta values and 
t values (italicized) for the model excluding gender and ethnicity are shown in brackets. 
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Table J2. Comparison of path weights and square m ultiple correlations for NA and RD readers in Model I 
with and without demographic variables 

Dependent 
variable 

NA readers 
attributions 

efficacy 

metacognitive 
knowledge 

perfonnance 

RD readers 
attributions 

efficacy 

metacognitive 
knowledge 

perfonnance 

attributions 

.56 (.63) 
8. 70 (9.89) 

.5 1 (.54) 

4. 78 (5.03) 

.64 (.70) 

8. 70 (9.89) 

.40 (.43) 

4.78 (5.03) 

efficacy 

.41 (.36) 
3.41 (3. 15) 

.22 (.24) 
1.44 (1.97) 

.28 (.26) 

3 .41  (3. 1 5) 

.64 (.60) 

4.66 (5.07) 

Independent variables 

metacognitive 

knowledge 

.23 (.24) 

2.52 (2.80) 

.26 (27) 

2.52 (2.80) 

perfonnance 

Path weights for model without demographic variables are provided in brackets. 
Associau:d 1 values are italicized; within group completely standardized solution is presented. 

ability ethnicity gender 

.53 (.42) . 1 1 .36 ,30 (. 1 8) 

5. 1 I (4.47) 1.57 4.51 

.3 1 (.24) . 1 1 .23 .63 (.58) 

4.25 (3.85) 1.82 3.23 

-.0 1 -.04 . 7 1  (.7 1 )  

-0.07 -0.06 

.4 1 (.36) .02 . 1 0  .5 1 (.49) 
3. 1 7  (3.60) 0.35 1. 1 7  

.26 (. 1 5) -. 1 0  .23 .08 (.02) 

2.1 7  (1.45) -1.28 2.69 

.43 (.32) -.02 . 1 7  .69 (.66) 

4.25 (3.85) -0.30 1.96 

-.03 .20 .49 (.4 1 )  

-0.39 2.56 

-.08 (-.03) -. 1 2  -. 1 2  .62 (.60) 

-0.63 (-0.32) -1. 75 -1.50 



462 

Table J3. Comparison of path weights and square multiple correlations for NA and RD readers in Model 2 
with and without demographic variables 

Independent variables 

Dependent attributions efficacy metacognitive combined pcri ability ethnicity gender R! 
Variable knowledge strategy use 

NA readers 
attributions .53 (.43) . 1 3  .38 .3 1 (. 1 8) 

5.15 (4.50) 1.87 4.68 

efficacy .54 (.62) .33 (.25) . 13 .23 .64 {.58) 
8.67 (10.09) 4.56 (4.12) 2.07 3.33 

mctacognitive .42 (.44) .49 {.45) -.02 -.04 .70 {.69) 
knowledge 4. 10 (4.26) 4.08 (3.87) -0.26 -0.67 

combined .42 (.40) .48 (.49) .01 -. 1 1 .71 (.70) 
strategy use 3.51 (3.61) 4.43 (4. 73) 0.24 -1.86 

performance -. 1 1  (-.0 1 )  .65 (.62) 39 (.30) .03 . 1 9  .65 (.62) 
-0.53 (-0.06) 4.25 (4.42) 3.22 (3.35) 0.51 2.01 

RD readers 
attributions .26 (. 15) - . 1 0  .23 .08 (.02) 

2.18 (1.40) -1.34 2.69 

efficacy .62 (.70) .45 (.34) .00 .20 .70 (.67) 
8.67 (10.09) 4.56 (4. 12) 0.05 2.30 

metacognitive .32 (.34) .32 (.30) -.05 .20 .44 (.36) 
knowledge 4.10 (4.26) 4.08 (3.87) -0.56 2.52 

combined .29 (.29) .5 1 (.52) -.07 .04 .53 (.52) 
strategy use 3.51 (3.61) 4.43 (4. 73) -0.98 0.50 

performance .64 (.58) 33 {.33) -. 1 4  (-.05) - . 1 0  -. 1 5  .66 (.64) 
5.23 (5.50) 3. 72 (3.86) -1.14 (-0.60) -1.65 -1.94 

Path -;ghts for model without demognphic variable$ are provided in lndtas. 
Associated 1 values an:: italic:izl:d; within group complctdy sl8ncDrclizl:d sollllion is pn:scnled. 



Table J4. Comparison of path weights and square multiple correlations for NA and RD readers in Model 3 with and without demographic variables 

Dependent 
variable 

NA readers 
attributions 

efficacy 

metacognitive 
knowledge 

metacognitive 
strategy use 

cognitive 
strategy use 

perfonnance 

RD readers 
attributions 

efficacy 

metacognitive 
knowledge 

metacognitive 
strategy use 

cognitive 
strategy use 

perfonnance 

attributions--· -efficacy 

.52 (.60) 
8.41 (9. 76) 

.46 (.48) .45 (.4 1 )  
4.81 (4.97) 4.04 (3.82) 

.43 (.40) . 
3. 70 (3.68) 

.35 (.34) 
2.85 (3.00) 

-.05 (.05) 
-0.31 (0.35) 

.62 (.69) 
8.41 (9. 76) 

.35 (.37) .29 (.27) 
4.81 (4.97) 4.04 (3.82) 

.34 (.33) 
3. 70 (3.68) 

.22 (.22) 
2.85 (3.00) 

.60 (.55) 
4.85 (5.14) 

metacognitive 
knowledge 

.45 (.46) 
4. 19  (4.50) 

.43 (.43) 
3.89 (4.02) 

.53 (.56) 
4. 19 (4.50) 

.42 (.4 1 )  
3.89 (4.02) 

Path wciahts for model without dcmoaraphic vuilblcs arc provided in brackets. 
Associated 1 values arc italicized; within group completely standardized solution is presented. 

Independent variables 

metncognitive cognitive perfonnance abil ity ethnicity gender 
strategy use strategy use 

.55 (.44) . 1 3  .38 
5.30 (4.64) 1. 77 4. 74 

.32 (.25) . 1 3  .23 
4.48 (4.09) 2. 14 3.29 

-.0 1 -.04 
-0. 14 -0.62 

-.03 -.08 
-0. 47 -1.21 

-.05 -. 1 5  
0. 78 -2.22 

.24 (.22) .43 (.42) .37 (.29) .03 . 1 8  
2.47 (2.39) 3.99 (4. 12) 3.23 (3.31) 0.46 2. 10 

.26 (. 1 5) -. 1 1  .23 
2. 1 7  (1.37) -1.35 2.65 

.45 (.33) .0 1 . 1 9  
4.48 (4.09) 0. 10 2.20 

-.05 .20 
-0.65 2.54 

-.02 .09 
-0.31  1. 1 7  

-. 1 1  -.04 
-1.39 -0.53 

.26 (.23) . 1 2  (. 1 5) -. 1 1  (-.04) -. 1 1  -. 1 5  
2.47 (2.39) 1.28 (1.63) -0.97 (-.45) -1. 77 -1.86 

RI 

.32 ( . 19) 

.61 (.55) 

.69 (.68) 

.66 (.66) 

.ss (.52) 

.66 (.63) 

.08 (.02) 

.69 (.66) 

.43 (.36) 

.65 (.62) 

.33 (.32) 

.65 (.63) 

� 0\ w 
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Table JS. Comparison of path weights and square m ultiple correlations for NA and RD readers in Model 4 with and without demographic variables � 

ln<lepen<lent vana61es 

Dependent success fa1lure efllcacy metacofcmtlve metacogmtlve cogmt1ve performance a61hty ethmclty gen<ler R' 
vanable attributions attributions know edge strategy use strategy use 

rea ers 
success .56 (.43) . 1 2  .39 .33  (. 1 9) 
attributions 5.42 (4.53) 1.69 4.92 

failure .5 1 (.44) . 1 2  .24 .26 (.20) 
attributions ; 4.60 (4.36) 1.48 2. 70 

eftkacy . 5 1  (.64) -.04 (-.06) .36 (.27) . 1 5  .24 .61  (.56) 
3.25 (4.07) -0.23 (-0.36) 4.59 (4. 15) 2.24 3. 18 

metaco�nitive .38 (.42) .54 (.5 1 )  .0 1 .00 .68 (.69) 
knowle ge 5.53 (5.95) 5. /2 (4.95) 0. 10 0.02 

metacognitive .43 (.39) .43 (.45) -.03 -.08 .63 (.63) 
strategy use 3.48 (3.38) 4.36 {4.81) -0.46 -1.08 

cognitive .34 (.32) .42 (.42) .05 -. 1 4  .52 (.49) 
strategy use 2.68 (2. 72) 3.98 (4.23) 0. 77 -2. /2 

performance -.06 (.06) .23 (.2 1 )  .42 (.4 1 )  . 39  (.29) .03 . 19" .65 (.62) 
-0.36 (0.48) 2.41  (2.29) 4.00 (4. l l) 3.24 (3.34) 0.47 2. 12 

RD readers 
success .30 (.2 1 )  - . I  I .21 .09 (.04) 
attributions 2.27 (1.82) -1.25 2. 18 

failure . 2 1  (. 1 1 ) - . I  I .23 .07 (.0 1 )  
attributions 1. 71 (1.05) -1.33 2.62 

efficacy .09 (. 1 1) .57 (.60) .47 (.36) .00 .20 .73 (.68) 
0.43 (0.53) 2. 79 (2.92) 4.59 (4. 15) 0.04 2.25 

metaco�nitive .47 (.50) .3 1 (.28) -.03 . 1 4  .57 (.54) 
knowle ge 5.53 (5.95) 5. 12 (4.95) -0.43 2.0/ 

metacognitive .3 1 (.28) .56 (.60) -.02 .09 .67 (.66) 
strategy use 3.48 (3.38) 4.36 (4.8/) -0.35 1.20 

cognitive .20 (. 19) .44 (.46) -. 1 1  -.04 .36 (.36) 
strategy use 2.68 (2. 72) 3.98 (4.23) -1 .46 -0.45 

performance .60 (.54) .26 (.23) . 1 2  (. 1 5) -. 1 4  (-.06) -. 1 0  -. 1 6  .66 (.64) 
4.62 (4. 79) 2.41 (2.29) 1.26 (1.59) -1. / 7  (-0.65) -1 .62 -2.02 

Paih we1ghtS ior mOdel w1ihou1 derno�phac vanibies are prov1ded m brackeiS. 
Associaled t values are italicized; \\illun group complelel)' slandardiud solution is presenlcd. 
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As comparisons are made between the parameters within groups, the within group completely 
standardized solution is presented. Whilst these analyses revealed that some parameter 
estimates (notably the associations between ability and the other latent factors) varied 
systematically with the inclusion of ethnicity and'gender, all models yielded similar patterns 
of significance of the paths among constructs for each group to that in the appropriate 
comparison model. These analyses suggested that the introduction of ethnicity and gender did 
not appreciably change the model estimates and the hypothesized effects. However, there was 
a slight increase in the parameter estimates of the following paths: ability to attributions, and 
ability to performance. 

One important effect that is worthy of note is the relationship between ability and attributions 
for RD readers. When ethnicity and gender were included, ability significantly predicted 
success attributions for RD readers. Nevertheless, it is not of theoretical importance because 
the magnitude of this path still varied markedly across groups and remains an important 
distinguishing factor between NA and RD readers. 

In general, ethnicity and gender had consistent effects across models. For NA readers, 
ethnicity significantly predicted efficacy, whilst gender significantly predicted attributions, 
efficacy, cognitive strategy use, and performance. For RD readers, ethnicity did not have a 
significant effect on any of the variables, but gender significantly predicted attributions (both 
success and failure), efficacy, and metacognitive knowledge. The inclusion of the 
demographic variables did not substantially improve the determinability of the model in 
explaining differences in reading comprehension performance between NA and RD readers. 

J.3 Discussion and conclusion 

Inferences about causality are often difficult to make in nonexperimental research because of 
many uncontrolled demographic/background sources of variance. However, two key 
extraneous variables in this study, students' ethnicity and gender, were controlled. 

A secondary aim of the present study was the examination of the impact of ethnicity and 
gender on the basic structure of the hypothesized model. The introduction of ethnicity and 
gender did not markedly change the structure of the hypothesized model. Although there 
were small changes in the values of the parameter estimates, the hypothesized relationships 
were fairly robust. One fmding that may be of interest is that the relationship between ability 
and success attributions was rendered significant with the inclusion of demographic variables. 
Even though this relationship is significant, this path still varies significantly across NA and 
RD groups. 

More significant gender effects were found, in contrast to the small number of ethnicity 
effects. The results indicate that for both NA . and RD readers, girls have more positive 
motivational beliefs in the domain of reading than boys. These fmdings are consistent with 
previous research on gender effects for NA (Hay, 1994; Marsh et al., 1 985) and RD readers 
(Chapman & Wilkinson, 1988). 

The lower scores for motivational beliefs in boys may be partly due to the fact that boys in 
general have fewer verbal skills than girls. The fmding is also in line with Burns' (1982) 
suggestion that general gender differences may be related to the higher frequency with which 
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boys have problems during their primary schooling when compared to girls. Additionally, 
Bums suggested that the boys tend to view the classroom environment as being "female". 
This perception is reinforced by the predominance of women teachers at the primary and 
intermediate levels. Consequently, boys who have to cope with failures in a "female" 
environment may have greater difficulty in maintaining positive motivational beliefs in 
reading. 

In conclusion, the above findings yielded some interesting results; however, they were 
considered exploratory in nature. Overall, the models stayed largely unchanged, with a few 
exceptions. Given these factors have not been investigated extensively, they may merit 
further investigation in future research. Their utility may be in specifying different 
interventions for boys and girls or possibly modifying the teaching environment. 
Consequently, it may be useful to check the effects of gender and ethnicity routinely in future 
studies and to look for any replication of the patterns obtained in the present study. 
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