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ABSTRACT

Working memory is a process whereby persons can preserve
information for a short time while concurrently engaging in
other cognitive operations. The 1literature describes two
approaches to working memory. The first approach (Baddeley,
1986) can be described as a complete model of working memory.
However the second approach is not as clearly a distinct
model, although its | history, literature, application,
simulation and operational definitions can arguably allow one
to describe it as a separate model or strand of working
memory for the present purposes. Rather, what will be termed
the “"quantitative/process model"™ deals only with verbal
information and is far less complete than Baddeley’s model in
other domains. A central issue is thus how these two models
relate with respect to how they handle verbal information.
Baddeley (1986) delineated working memory as a set of
interconnected components consisting of a Central Executive,
a Phonological Loop, and a Visuo-Spatial Sketch-Pad. In this
dissertation, this is termed the qualitative/structural model
of Qorking memory. Daneman and Carpenter (1980, 1983)
delineated working memory as a process involving both a
traditional span component and a concurrent operation. This
approach, which will be referred to as the
quantitative/process model of working memory, has Dbeen
presumed to involve the Central Executive of the
qualitative/structural model of working memory. This presumed
relationship is scrutinised in the present dissertation in
the context of an alternate hypothesis that the
quantitative/process model involves more of the phonological
loop than has been presumed. Thus, the first issue this
dissertation addressed was how these two models or approaches
to working memory account for verbal information. The second
facet of the present investigation was to examine whether
persons were able to report on their meta-memory for working
' memory. |



Seven 1linked experiments are reported in the present
dissertation. Participants for all seven experiments were
predominantly students at 1local tertiary institutions and
ranged in age from 16 to 48 years. The experimental
conditions were presented as a two-factor within-subjects
design in Experiments 1 to 6. The first general factor was
word-type varying either across word-length (Experiments 2,
4, and 6) or across phonological similarity (Experiments 1,
3, and 5). The second factor was whether articulatory
suppression was used or not (Experiments 1 to 6). In
Experiments 1 and 2, stimuli were presented as a complex-span
task (sentence plus word), where in Experiments 3 to 6,
stimuli were presented as a simple-span task (word only).
Experiment 5 also had a between-subjects factor determined by
whether words were sampled from a 10 item pool or from a pool
without replacement. Experiment 6 had a between-subjects
factor determined by the presentation pace of the stimuli (at
1 per second or self-paced). Finally, Experiment 7 directly
compared complex-span and simple-span presentations against a
second factor of word-type varying across both phonological
similarity and word-length (control, phondlogically similar,
3-syllable).

In all seven experiments, participants were measured on
dependent variables of recall in the correct serial position
and recall in any serial position of the words that were
presented. From the difference between these two medsures of
content, an estimate of the loss of order information (order
errors) was calculated. A measure of the time each
participant spent viewing (for simple-span tasks) or
verifying (for complex-span tasks) the stimuli was made to
assess processing time. Finally, before each trial,
participants made an estimate of how many items they expected
to recall in any order (a measure of their online meta-
memory). In Experiments 5 to 7, a measure of the time each
participant took to articulate the pool of words they had



peen asked to recall was taken to provide an estimate of

their articulation rate.

The main research questions for this set of studies were as
follows: (1) that the quantitative/process model of working
memory also uses the Phonological Loop, not just the Central
Executive, and hence both models of working memory use the
same process to preserve visually presented verbal
information; (2) that measurement of dimensions of order and
processing time, in addition to the dimension of content or
capacity, will contribute independent information to the
description of working memory function; and (3) that persons
are able to monitor and report on their working memory. Data
from the present set of studies provide support for these
three hypotheses*. The present investigation showed that a
concurrent operation does not preclude phonological
similarity and word-length effects used to define the
components of the qualitative/structural model of working
memory. Concurrently, dimensions of content and order, but
not processing time, were shown to be important in describing
working memory. The conclusion from these results is that
both models of working memory refer to the same construct and
that preservation of verbal information can be better
accounted for by a single process. Finally, in all instances
persons were accurate in predicting their general working
memory performance. The data also show that persons may be
able to predict the effect of some parameter changes on their

performance.

1The raw data upon which this dissertation was based can be obtained in the first instance
from the author at the following address: Llewelyn A. Richards-Ward

c/- Department of Psychology

Massey University

Private Bag 11222

Palmerston North

New Zealand



The results of the present research suggest that verbal
information is handled similarly in both models or approaches
and tends to falsify that verbal information is retained
primarily in the Central Executive in one model and the
Phonological Loop in the other. Second the results suggest
that persons do have a degree of meta-working memory. These
results are discussed in terms of their implications for how
working memory and meta-working memory can be described.
Finally, some future directions for research are outlined.
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|ntroduction

chapter 1 presents the theoretical background and history of
the working memory construct and how it was perceived to be a
more effective model than a short-term store (STS). As was
demonstrated by Baddeley and Hitch (1974), either multiple
modality-specific STS’s were to be proposed, or a new model
of a short-term and transient memory needed to be described.
They described a new model of working memory, consisting of
structures in which certain qualitative effects occurred.
Hence, this model is referred to as the

qualitative/structural model of working memory.

In Chapter 2, relevant research and theory is presented to
outline the strengths and flaws of the qualitative/structural
working memory model. Briefly, the qualitative/structural
model provides a good account of many areas of research in
the working memory domain. However, the main deficiency of
the qualitative/structural model of working memory is its
reliance on recall as the only measure of working memory’s

products.

In Chapter 3, the quantitative/process model of working
memory will be described. Evolving from the development of
the qualitative/structural model of working memory, two other
areas of applied cognition are reviewed that also make use of
the concept of working memory: the area of reading (e.g.,
Daneman & Carpenter, 1980) and the area of aging (e.qg.,
Salthouse, Mitchell, Skovronek, & Babcock, 1989). In both of
these areas of applied cognition, working memory was defined
as consisting of an operation plus storage. This definition
allowed researchers to derive operationalisations of working
memory sufficiently robust to predict both reading
comprehension and age-related decrements in working memory.
Because these operation plus storage models primarily
obtained a score or quantity that represented the capacity of
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working memory, and because they refer to working memory as a

process without making inferences about structure, this group
of working memory models will be referred to as representing
g quantitative/process model of working memory. While the
major strength of the quantitative/process model of working
pemory has been its ability to relate measures of working
memory to measures of other relevant cognitive constructs, it
suffers from a lack of theoretical depth -- a depth that the

qualitative/structural model appears to have.

chapter 4 examines a third dimension of working memory,
defined by the distinction between measuring working memory
by overt performance and by self-report. This distinction has
been captured in the past by referring to performance and
meta-memory measures respectively. The major issue examined
in Chapter 4 is whether persons might possess an on-line
meta-memory for specific working memory components in
addition to a more general meta-memory for recall. The aim of
Chapter 4 is to present a theoretical and empirical basis for
the concept of meta-memory so that it can then be more
meaningfully compared to working memory performance.

At the end of Chapter 4, three dimensions or ways of
measuring working memory will have been discussed. At this
point, it will be apparent that very little overlap at both
an operational and theoretical 1level exists between these
dimensions. This lack of overlap begs two questions that this
dissertation examines in relation to how verbal information
is processed: Are the two models of working memory in fact
examining the same construct? and Can persons monitor their
working memory? Chapter 5 presents the rationale for
examining the relationships between the two models of working
memory, and between working memory and meta-memory.
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ZAPTER 1: A HISTORY OF THE SHORT-TERM STORE AND OF
WORKING MEMORY

v ijs a core concern in the science of psychology.
Ebbinghaus (1964/1885), in perhaps the first monograph
published in experimental psychology, examined memory.
subsequent psychological research has, up to the present day,
continued to be concerned with memory. Even those researchers
a behavioural focus, researchers who largely rejected
examination of cognition, developed associationist

Memor

with
the
theories about memory.

To understand the importance of memory, one must consider
what memory is. The word memory is derived from the Latin
term memor, a term loosely translated into English as meaning
mindful. Memory is connected to the mind. One can speculate
whether memory is what provides an awareness of the conscious
present (Crowder, 1993), whether one can learn without
memory, whether learning and memory are the same, whether
memory is necessarily something we can be aware of, and many
other semi-philosophical questions. In doing so, it becomes
clear that the core features of memory are that it allows
retention of an organism’s perception of the environment for
periods of time ranging from milliseconds to a lifetime, a
retention that is effected solely by the organism’s
biological processes. In doing so, memory provides a bridge
to cross the boundary from perception to cognition. -

As psychology began to expand beyond behavioural theories in
the 1960’s, there was a revived concern in understanding what
memory is.'Asbresearchers considered the nature of memory, a
dichotomy began to emerge between a shorter-term and a
longer-term memory. A Short-Term Memory (STM) was considered
to be transient (limited to a few seconds), primarily
acoustic in nature, and served the function of preserving
one’s perceptions for long enough periods of time to allow
other cognitive processing to operate on that memory. 1In
contrast, a Long-Term Memory (LTM) was considered to be
relatively permanent, to be primarily semantic, and served
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th function of preserving the products of one’s cognitive
e

The fOCUS of the present dissertation is on the transient

preservation of information. Throughout .this dissertation,
two terms are used to refer to this transient memory and, as
such, need definition. First, the present research uses the
term Short-Term Store (STS) to describe a structure inferred
to preserve perceptions of the environment for a brief period
of time. The STS is typically studied in the context of a
triplex model of memory in which the three major components
are a very short-term iconic store, a STS, and LTM (e.g.,
Klatzky, 1980). When the term STS is used in the present
dissertation, there is an implied focus on the capacity of
this transient memory, that is, how big the transient memory
is.

The second term used to refer to this transient preservation
of information is working memory. The concept of working
memory is similar to that of the STS in that working memory
also refers to a transient memory. However, as will be
developed further below, the term working memory reflects the
idea that this transient memory is used for later cognitive
processing. That is, working memory is also described in
terms of its relationship to other cognitive processes beyond
memory processes alone. Working memory also involves
description of how the transient STS operates. That is,
working memory is about how the STS preserves information for
short periods of time and about the parameters that influence

that preservation.

In conclusion, it must be noted that the distinction between
the STS and working memory has varied from one researcher to
another. Some (e.g., Swanson, 1994) use the terms to refer to
separate entities, whereas others (e.g., Baddeley, & Hitch,
1974) use them almost synonymously. Thus, it seems virtually
impossible to present a clear distinction between the STS and
'working memory based on existing 1literature. However, the
present dissertation uses the term working memory when it is
intended that the reader understand that information is being
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preserved for some other cognitive processing and that the
nature Of this transient preservation involves more than
simply how much information can be preserved. In this regard,

the present dissertation implies that the STS is subsumed in
the term working memory.

while both the nature and the functions of working memory
have been examined previously, the use of the term working
memory has not necessarily been based on a consistent
definition of how this working memory operates. That is, the
present dissertation is concerned with comparing two
predominant models of working memory with each other. 1In
comparing differing models with each other, the aim of the
present research was to begin to describe, in a more
integrated fashion, how working memory operates.

However, to understand working memory, it is first necessary
to understand something of its predecessor the STS. To this
end, the first section of Chapter 1 presents a review of the
two main ways of measuring the STS: by using a serial-recall
span task and by using a free-recall task. The major flaw
with both of these methods was that span did not appear to be
related to any other cognitive processes, begging the
questions of what the STS was for and how it operated
(Baddeley & Hitch, 1974).

The second section of Chapter 1 reviews a seminal study by
Baddeley and Hitch (1974) who, in beginning to define what
the STS was for, cemented the idea in the minds of
psychologists that the STS performed ‘work’ for other
cognitive processes and consisted of an operation plus a STS
or span. Thus, the concept of working memory became part of
the popular parlance of applied psychology.

WHAT 1S MEMORY?: EARLY MODELS OF MEMORY

There has been a tradition of defining short-term storage in
.terms of the tasks used to measure the capacity of that
Short-Term Store (STS). The following section examines the
span and free-recall methods, respectively, of measuring STS
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capacity- Although this review is not intended to be a

complete history of the STS, it will be apparent that how the
STS was described in large part depended on the measurement
met
memory has also been described in part by the measurement
method used. This point will be expanded upon in Chapters 2

hod used. It is perhaps not coincidental that working

and 3.

Finally, a comparison is made between span and free-recall
methods of measuring the STS. Overall, the conclusion of the
following section is that while both the span task and the
free-recall task measure the capacity of the STS, they are
unable to address how the STS preserves content information,
or what the STS is used for in relation to other cognitive

activities.

The Span Method of Measuring the Capacity of the Short-Term Store

The key features of the span method of assessing STS capacity
are as follows: (1) a fixed number of items are presented
sequentially; (2) those items are to be recalled in the
correct order; and (3) stimulus parameters vary across
presentation modality, the use of interfering tasks between
stimulus presentations and during retention interval, and the
addition of a suffix after presentation but before recall.
The capacity of the STS, using the span method, is typically
defined as the number of items that were presented in a trial
when all of those items were perfectly recalled. For example,
if a person was presented trials of 4, 5, and 6 items and
recalled all of the items from trials with 4 and 5 items but
not with 6, a strict capacity score would record their span

as 5 items.

Using the span method of assessing STS capacity, researchers
proposed that there are three primary features of the STS.
These features were also shown in each instance to be true
for the STS, but not for LTM. Thus, the STS was very much

‘defined in relation to LTM. First,lthe STS has been shown to

be limited in capacity to about 7 items (Ebbinghaus,
1885/1964; Miller, 1956). Second, the STS has been shown to
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. subject to rapid decay without rehearsal (Brown, .1958;

conrad, 1967; Peterson & Peterson, 1959)} Finally, the STS
has been inferred to be acoustic in nature (Atkinson &
shiffrin, 1968, 1971) as defined by the acoustic similarity
effect (conrad, 1964; Baddeley, 1968; Laughery, 1969; Murray,
1968 watkins, Watkins, & Crowder, 1974), the modality effect
(Bigham, 1894, cited in Murray, 1980; Corballis, 1966), and
the suffix effect (Crowder, 1967; Crowder & Morton, 1969;
Greene 1992). However, this account of the STS was not the
only one. It was being developed at the same time as the
method of free-recall was being used to define the STS.

The Free-Recall Method of Measuring the Capacity of the Short-Term
Store

Like the span method of assessing the STS, the free-recall
method also measured the capacity of the STS. However, in the
free-recall method, the STS 1is believed to produce the
recency effect of the serial position curve (Craik, 1970),
with LTM producing the primacy effect of the serial position
curve (Murdock, 1962). Consequently, capacity is calculated
from 'the recency portion of the serial position curve.
However, unlike the span method, the free recall method uses
a stochastic method, rather than an absolute capacity
measure, to quantify STS capacity (Waugh & Norman, 1965).

Initially, the recency effect was assumed to occur because of
the more recent items being preserved in the STS with the
others decaying (Peterson & Peterson, 1959). However, Waugh
and Norman (1965) showed that recall of items in a list was a
function of the number of interfering items. This result
presented a major difficulty for the decay theory of the STS.
Of major importance to the present discussion was the finding
that when there were few interfering items, recall was quite
high. From these results, it was proposed that recall from
the STS is limited by the amount of proactive interference
operating upon each serial position.

A second feature of the free-recall method was that items at

the start of a list were more likely to be confused with
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tically similar items and that items at the end of the

seman

¢ were more likely confused with acoustically similar

is
lz ns (Kintsch & Buschke, 1969; Tell, 1972). From these
ite

esults, it was proposed that the STS was represented
¥
acoustically, and LTM was represented semantically.

There are, however, some data that suggest that the recency
effect may not necessarily be produced by a transient (over a
few seconds) STS, hence inferences made about the STS from
the recency effect may be incomplete or incorrect. That the

recency effect is not solely produced by the last few seconds

of
effects: the effect of concurrent distraction (Baddeley &

Hitch, 1977; Murdock, 1965); recall of multi-category lists
(Watkins & Peynircioglu, 1983); and the continuous-distractor
paradigm (Bjork & Whitten, 1974; Tzeng, 1973). These three
effects demonstrate that recency effects occur over period
much longer than the few seconds a STS supposedly maintains
information for. Hence, if recency effects can occur over
quite long periods of time, it cannot be inferred that they
are produced solely by a STS whose duration is assumed to be

information a person receives can be shown by three

only a'few seconds.

A Comparison of the Short-Term Store Using Either Span or Free-Recall
Measurement Techniques

At this point, two methods of measuring STS capacity have
been briefly described along with some research relevant to
those methods. From the evidence thus far, it would appear
that the span task provides the most unambiguous account of
the capacity of the STS. However, neither approach is without

its faults.

Table 1 shows that the main points of difference between the
span and free-recall methods of measuring the STS are that
capacities are different between the two methods, and that
recency is not limited to simply seconds of time, but can
occur days after presentation. These differences suggest that
the span and free-recall methods may in fact measure separate
phenomena (Klatzky, 1980).
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“Span measures of the STS

Free-recall measures of the STS — the
recency effect
No acoustic similarity effect occurs in the

~An acoustic similarity effect is present (e.g.

Conrad & Hull, 1964; Watkins, et al., 1974). recency portion (Watkins, et al., 1974).
-W';F&.'f?squency effects occur but are Variables of list-length, word-frequency, and
dependent on list position (e.g., Watkins, presentation rate affect pre-recency items.
1977). No similar dissociations exist for recency

items (Greene, 1992).

STS span is formula based (e.g., Waugh &
Norman, 1965).

“Order information is confounded with content ~ Order information is separate from content

STS span is empirically based.

information. information.
“Categories or ‘chunks’ do not affect capacity Muiltiple categories presented together each
(Miller, 1956). show a recency effect (Watkins &
Peynircioglu, 1983).
“Span estimates typically range from 5-9 Span estimates typically range from 2-4
items. items.
~A modality effect occurs for the last items in Recency effects are not confined to a short
the span (Corballis, 1966; Greene, 1992). temporal duration, but can occur over days
or weeks (Bjork & Whitten, 1974; Tzeng.
1973).
“A suffix effect occurs with an auditorily The recency portion is unaffected by a
presented suffix at the end of a span concurrent memory span task (e.g.,
(Crowder, 1967). Baddeley & Hitch, 1974; Murdock, 1965).

Thus, at this point in history, the question of how large the
capacity of the STS was had been answered by examining scores
on either the span or free-recall procedures. Although some
useful research had been done, the dual-store approach was
clearly inadequate at many levels. As it became clear that
neither the free-recall nor span methods of measuring
capacity were completely adequate explanations of the STS,
they were gradually replaced by the 1levels-of-processing
approach (Craik & Tulving, 1975) and later by connectionist
approaches (e.g., Schneider & Detweiler, 1988). The move
beyond examination of STS capacity per se also represented,
in some respects, a change in research question. At the start
of this section, it was noted that the STS models were an
answer to the question, "what is the capacity of a shorter
term memory?" In contrast, moves to levels of processing and
connectionist approaches were steps towards answering the
question addressed in the present dissertation: the question
of how short term information is maintained. Asking what
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memory is assumes that memory is an entity. Asking how memory

works allows a presupposition that memory may be a part of an
overall cognitive process and may have dimensions other than
capacity alone. For example, when one reads research upon
which the model of the STS was based, it is also apparent
that the STS is concerned with both content and order
jnformation, despite the focus on measuring capacity alone
(e-G- Conrad, 1965; Ebbinghaus, 1885/1964; Estes, 1972;
Healy, 1974, 1982; Lewandowsky & Murdock, 1989; shiffrin &

cook, 1978).

However, in 1974, Alan Baddeley and Graham Hitch asked an
jntermediary question -- what is this STS for? This question
was intermediary in that it did not entirely abandon seeking
the answer to the question of what memory is through an
analysis of the capacity of the STS. Asking what memory is
for also introduced the idea that (1) memory may be
contextualised within a larger cognitive arena and that (2)
it may not necessarily be an entity, but may be a process.
The answers to the question of what memory is for have
revolutionized memory research by contextualising the STS as
having a function in the operation of other cognitive
processes and by directing research away from a narrow focus

on the size of the STS.

WHAT IS THE SHORT-TERM STORE FOR?: THE BADDELEY AND HITCH (1974)
INVESTIGATION OF WORKING MEMORY

Baddeley and Hitch (1974) conducted a seminal group of
studies designed to examine whether STS resources are
critical in storing the intermediate products of reasoning,
comprehension, and learning. That is, they were asking what
the role of a transient memory was in those tasks =-- what

memory was for.

The basic premise of the research by Baddeley and Hitch
(1974) was that if the STS was essential for all other
cognitive operations, then using that store will produce
performance declines in other tasks. Conversely, as they
noted, the evidence favoured the reverse conclusion that
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other cognitive operations actually occurred in parallel with

the operation of the STS. In a related vein, Baddeley and
Hitch also asked if the STS played the role ascribed it by
Atkinson and Shiffrin (1971) as not only a store, but a
controller of other cognitive processes. That is, is the STS
the same as a working memory?

paddeley and Hitch (1974) conducted a series of studies in
which participants were required to learn lists of varying
1engths (pre-loading the STS) for later recall immediately
prior to concurrently engaging in either a reasoning,
comprehension, or free-recall task. With a pre-load 1list
ljength of three items, Baddeley and Hitch found that
performance on the primary and concurrent task was relatively
unimpaired. For example, in their eighth experiment examining
learning, Baddeley and Hitch required participants to recall
(immediately or delayed) a sequence of 16 unrelated words in
the correct serial order. This procedure typically shows a
serial position effect wherein the most recently presented
items are recalled in areater frequency than other items
(e.g., Kausler, 1991). Prior to engaging in the free-recall
task, ‘participants were presented with 0, 3, or 6 digits to
recall -- a dual-task procedure. Because the STS is in part
defined by the serial position recency effect, presenting
three digits was expected to have replaced about half of the
available STS capacity for the words and to have decreased
the recency effect for the most recently presented words in
the free-recall task. Similarly, 6 digits were expected to
have almost eliminated the recency effect after recall of the
digits. What did happen was that a pre-load of 3 digits had
almost no effect on the participants’ ability to recall
words, either immediately after the digits, or after a delay
period. Six digits did disrupt the recency effect a little,
but the disruption was not great. These data were typical of
the degree of disruption that pre-loading the STS had on
concurrent reasoning and comprehension tasks also, with one
important exception. 1In both the moderately difficult
reasoning and comprehension tasks, the effect of a pre-load
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of 6 digits did produce a noticeable decrement in the other
concurrent task. The data were consistent with the
interpretation that the capacity of a working memory only in
part consists of what has been termed the STS and that
f£il1ling the STS does not preclude other concurrent cognitive

operations, even intuitively related ones.

In proposing their initial formulation of working memory,
paddeley and Hitch (1974) suggested that working memory

...appears to have something in common with the mechanism
responsible for the digit span, being susceptible to
disruption by a concurrent digit span task, and like the
digit span showing signs of being based at least in part
upon phonemic coding. It should be noted ... that the
degree of disruption observed...was far from massive.

(p.75)

To explain the less than massive disruption of a concurrent
operation by the STS task, Baddeley and Hitch concluded that
the management of a cognitive operation did not use storage
capacity alone, rather storage and operation management were
separate but related. Also, they suggested that there may be
more than one type of storage in working memory, and the idea
of a controller plus slave systems, while not described, was
obviously the next logical inference. This idea concurs with
the Atkinson-Shiffrin (1971) distinction between storage and
control processes. The key point from the above discussion of
the Baddeley and Hitch study is that working memory involves
more than storage alone. The idea of a working memory space
in which divided storage and control operations both occurred

was (re)born.

SUMMARY

The present chapter began with a review of how the STS has
been described in the past, which has been in terms of
capacity. This review showed that there were two, perhaps
related but not identical, ways of measuring STS capacity.
Neither the free-recall nor span methods of measuring the STS
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rovided complete descriptions of the STS. At this point, it
p

il argued that the research question changed. Baddeley and
gitch (1974) stated that:
pespite... the vast amount of research on the
characteristics of the STS, there is still little general
agreement. If our subsequent work were to depend on a
generally acceptable definition of STS as a prerequisite
for further research, such research would never begin.

(p-49)

in response to this conclusion, they asked a new question by
asking what a transient memory was for. Baddeley and Hitch
found that the answer to their question suggested that short-
term maintenance of information involved both storage and

control processes.

This chapter has shown that working memory is a construct
used to define short-term preservation and management of
information, in order that other cognitive processes might
use that information. Baddeley and Hitch (1974) advanced the
idea that working memory involved an operation plus what had
hithefto been termed a STS. The two succeeding chapters
examine how this operation plus span distinction proposed by
Baddeley and Hitch (1974) was separately developed into a
qualitative/structural model and a quantitative/process model
of working memory by different groups of researchers.
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— CHAPTER 2: QUALITATIVE/STRUCTURAL MODELS OF
WORKING MEMORY

pefore discussing the qualitative/structural model, it is
important to outline why this author has chosen to name it as
such. paddeley and others most often refer to this model as
the tripartite model of working memory (Baddeley, 1986,
1992a, 1992b). However, this name implies three components.
This dissertation explicitly rejects that working memory need
necessarily be described in terms of components and, even if
working memory was described using components, that there are
only three of ‘them’. In labelling this model of working
pemory as a qualitative/structural model two ends are met.
rFirst, the label is not from the perspective of an adherent,
thus affording a new language of analysis. Second, the label
describes two essential features of the model; that it is (1)
pased on changes in recall produced by varying qualitative
aspects of the stimuli (e.g., phonological similarity, word-
ljength, and articulatory suppression) and that it is (2)
described in structural terms in the literature developing
theory from those qualitative changes.

Chapter 2 presents relevant theory and research in order to
outline the strengths and flaws of this
qualitative/structural model. Briefly, this model provides a
good account of many areas of research in the memory domain.
However, the main deficiencies of the qualitative/structural
model of working memory are its description of working memory
as a set of structures and its reliance on recall as the only
measure of working memory’s products instead of recall and

order information.

Theoretical definition of working memory as a set of
structures arose from data gathered using the qualitative and
structurally based paradigm. As reviewed earlier, Baddeley
and Hitch (1974) observed that a secondary digit span task
was performed as well when a primary task, also presumably
requiring the STS, was concurrently performed as when either
the primary or secondary task alone was performed. Baddeley
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and Hitch suggested that there may be multiple short term

stores that were in some way related and controlled by a
control process, a working memory. Subsequent investigation
ljed to working memory being described as comprising of a
central Executive responsible for task distribution,
attention, and temporary storage (Baddeley, 1966c, 1984,
1986, 1990, 1992a, 1992b; Baddeley, Logie, Bressi, Della
salla, & Spinnler, 1986; Baddeley, Bressi, Logie, Della
salla, & Spinnler, 1991; Gathercole & Baddeley, 1993; Morris
g Baddeley, 1988; Morris, Craik, & Gick, 1990; Morris &
Jones, 1990b; Reisberg, Rappaport, & O’Shaugnessey, 1984;
spinnler, Della Sala, Bandera, & Baddeley, 1988; Van der
Linden, Coyette, & Seron, 1992), a Phonological Loop
(Baddeley, 1966a, 1966b, 1984, 1986, 1992a, 1992b; Baddeley,
Lewis, & Vallar, 1984; Baddeley, Thompson, & Buchanan, 1975;
Ellis & Hennelley, 1980; Longoni, Richardson, & Aiello, 1993;
salame & Baddeley, 1982; Vallar & Baddeley, 1984), and a
visuo-Spatial Sketch-Pad (Baddeley, 1986, 1992a, 1992b;
Farah, Hammond, Levine, & Calvanio, 1988; Hanley, Young, -&
Pearson, 1991; Logie, 1986; Morris, 1989).

"~ AN OVERVIEW OF BADDELEY’S DEFINITION OF WORKING MEMORY

In describing working memory, Baddeley’s (1986, 1992a, 1992b)
most current reviews of his work will be used in order to
accurately present how he and his colleagues currently
conceptualize the construct of working memory (Figure 1).

Currently, working memory is described as comprising of a
Central Executive and two ’‘slave’ systems (Baddeley, 1992a,
1992b). The slave systems are a Phonological Loop which is
responsible primarily for verbal material and a Visuo-Spatial
Sketch-Pad responsible for visual and spatial location memory
(Figure 1). With two systems, there was a perceived need for
some type of controller to monitor those two systems, an idea
suggested in the work of Atkinson and Shiffrin (1968, 1971).
Baddeley proposes that a ‘Central Executive’ functions as the
construct explaining how information is allocated to a slave
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and how the output of the slave systems is monitored

system ’
and integrated.
Central Executive
*monitors operations
" * may have some storage
* interacts with LTM
e Tl Siave’ systems
7~ Phonological Loop E
Visuo-Spatial
Phonoloﬂi@' store 'Arﬁculatory .rehegrsal loop Sketch-Pad
* auditory input converts visual input to
phonological code
— J \_ J

Figure 1. A model of working memory showing the Central Executive, the Phonological Loop,
and the Visuo-Spatial Sketch-Pad.

Baddeley’s (1986, 1992a) qualitative/structural model
represents structures (more than processes; A.D. Baddeley,
personal communication, April 19, 1993) that appear to
operate relatively separately from each other but that are
also interdependent. The components " of the
qualitative/structural model have been derived primarily from
data where two tasks are compared in the effect they have on
the output from the person. The 1logic underlying a
qualitative and structurally based paradigm is that if two
comparison tasks use the same component, then performance
will decrease if resources are limited for that component. If
two tasks use two distinct components, then 1little
performance change should be observed from using the two
components alone to when the tasks are performed

concurrently.

THE QUALITATIVE/STRUCTURAL MODEL OF WORKING MEMORY

This first section presents an overview of the evidence both
for and against the positing of a separate Phonological Store
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and Visuo-Spatial Sketch-Pad, both of which are monitored by
a Central Executive.

The Phonological Loop

The Phonological Loop is currently hypothesized as consisting
of a phonological memory store of about 1.5 to 2.0 seconds
duration and an articulatory control system which both
converts non-phonological material into phonological material
and which allows sub-vocal rehearsal (Baddeley, 1986, 1992a,
1992b). The evidence cited in support of the Phonological
Loop includes the phonological similarity effect, the
irrelevant speech effect, the word length effect,
neuropsychological evidence from persons with an impaired
STS, and performance of persons with dysarthria (Baddeley,
1986, 1992a, 1992b).

The Phonological Similarity E ffect

The phonological similarity effect is where more
phonologically dissimilar items are recalled than
phonologically similar items. This effect has been replicated
many times with the accepted conclusion being that the
phonological similarity effect provides evidence that the
Phonological Loop is based on an articulatory code (e.g.,
Baddeley, 1966a, 1966b; Coltheart, 1993; Conrad, 1964; Conrad
& Hull, 1964; Ellis, 1980; Henry, 1991; Hulme, & Tordoff,
1989; Longoni, et al., 1993; Richardson, Greaves, & Smith,
1980; Séhweikert, Guentert, & Hersberger, 1990). That
increased phonological similarity produces lower recall of
items is also consistent with an interpretation that words or
letters are ‘'held’ in working memory phonetically, as
described in the span model of the STS (Atkinson, & Shiffrin,
1968, 1971). Thus, the qualitative/structural model of
working memory continues with a phonologically-based store as

proposed in the span model.

This Phonological Store is presumed to receive information
directly when stimuli are presented auditorily and indirectly
when presented visually (Baddeley, 1986, 1992a, 1992b). These
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. nferences have been made based on the discriminative effect
i

of articulatory suppression, a rapid and continuous
vc,calisation of some very well learned vocal sounds (e.g.,
repeatedly saying the or counting aloud from 1 ¢to 8
repeatedly). Articulatory suppression is presumed to block
covert subvocalisation (Murray, 1967, 1968). It has been
generally agreed that preventing subvocalisation also
prevents subvocal rehearsal and, by implication, the
rehearsal of items by the Articulatory Rehearsal Process
(Baddeley, 1986, 1992a, 1992b; Besner, 1987; Murray, Rowan, &
smith, 1988). When stimuli are presented auditorily, the
phonological similarity effect remains with or without
articulatory suppression (Baddeley, et al., 1984; Longoni, et
al., 1993; Salame & Baddeley, 1982). In contrast, it has been
observed that the phonological similarity effect is absent
when articulatory suppression is in use and stimuli are
presented visually (Baddeley, et al., 1984; Besner &
Davelaar, 1982). The received interpretation of these results
is that with auditory presentation, stimuli have direct
access to the Phonological Store, and thus show a
phonological similarity effect. When stimuli are presented
visually, they are first routed through an Articulatory
Rehearsal Process which converts visual to articulatory codes
and stores them in the Phonological Store. Provided the
stimuli are recoded into articulatory codes (as when
articulatory suppression is absent), a phonological
similarity effect 1is again present. When articulatory
suppression is used, the Articulatory Rehearsal Process is
prevented from converting visual to articulatory codes, and
hence the stimuli do not enter the Phonological Store. Thus,
because the stimuli are not in the Phonological Store, there
can be no phonological similarity effect (Baddeley, 1986,
1992a, 1992b; Besner, 1987)2.

1 it could be argued that, if articulatory suppression blocks rehearsal, eimost no recall ought to occur. In fact, some
recall does remain with articulatory suppression. This anomaly has been explained by inferring that the Central
Executive has some ‘storage’ ability in addition to the storage provided by the Phonological Store (Baddeley, 1986),
and may use LTM as a temporary storage area (A.D. Baddaley, April 19, 1993, personal communication).
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Flaws with a single Phonological Store account of the phonological similarity

effect

wWhile the above interpretation of the phonological similarity
effect as an indicator of a Phonological Store is appealing,
there are two major aspects that this account cannot explain.
First, it has been shown that articulatory suppression does
not necessarily impair a person’s ability to make decisions
pased on the phonological characteristics of items. Second,
where the qualitative/structural model of working memory
assumes that item and order information are one, there are

data which suggest otherwise.

Articulatory suppression does not suppress 8/l phonological codes
Besner and Davelaar (1982) presented short lists of letters
to their participants to recall in serial order at the end of
the 1list. There was a phonological similarity effect when
articulatory suppression was not used which was eliminated
with articulatory suppression. Thus Besner and Davelaar
completely replicated the data upon which Baddeley’s (1986)
description of the Phonological Loop was based. However,
there. were two additional conditions in the Besner and
Davelaar study: a 1list of pseudohomophones (e.g., Brane,
Skule) and a list of non-words (e.g., Frane, Zule). The logic
was that "if suppression does not prevent lexical access from
print via some form of phonological code, then letter strings
which sound like real words should be better recalled than
letter strings which do not" (p.703). Stated the other way
around, if articulatory suppression prevents all phonological
coding, then there would be no way that persons could use the
sound of the pseudohomophones to assist their later recall
and obtain better recall of pseudohomophones over nonwords.
However, the data showed that, even with articulatory
suppression, the identical sound of the pseudohomophones to
their correctly spelled derivatives provided an advantage in
later recall over the nonwords. The conclusion was that
articulatory suppression only prevents some types of
phonological coding. However, the wider implication is that,
if the same logic used to propose Baddeley’s (1986, 1992a,
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1992b) original Phonological Store is used upon these data,
one could reasonably propose a second Phonological Store, as
was done (Besner & Davelaar, 1982). This issue is discussed

further in Experiment 5 of the present dissertation.

Order information has not been separated from item information

The second flaw with the present account of the Phonological
Store of working memory is that preservation of order
information has not been accounted for adequately. There is
some empirical work that suggests order information is
important in the production of acoustic similarity effects in
the STS (e.g., Conrad, 1964; Gruneberg & Melton, 1972; Healy,
1974, 1982; Lewandowsky & Murdock, 1989; Watkins, et al.,
1974; Wickelgren, 1965). Because (1) acoustic similarity or
phonological similarity effects are used to define the
Phonological Loop and (2) because there is an implied
relationship between the STS and working memory, then there
would appear to be a need for the qualitative/structural
model of working memory to specify how order information is
maintained. Instead, a focus on content has been maintained
in most 1literature on working memory, .and as will be
discussed throughout this dissertation, has been to the
detriment of models of working memory. As Burgess and Hitch
(1992) write in discussing the usefulness of Baddeley and
Hitch’s (1974) model of working memory: "...given that one of
its [the Phonological Loop’s] major functions is the
preservation of order information, surprisingly 1little is
said about how this is achieved, and some of what is said is
clearly incorrect." (p.431).

While the reasons for failing to examine order information
explicitly are unclear, there do exist some data which
suggest what the role of order information might be in
relation to working memory and the phonological similarity
effect. For example, the Conrad and Hull (1964) study (which
is quoted in much of the 1literature on the phonological
similarity effect) did not simply examine whether more
phonologically dissimilar than phonologically similar letters
were recalled, rather, they also compared the effect of
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repeated selection from a 3-item or from a 9-item pool in
construction of 6-letter sequences. Conrad and Hull (1964)
cautioned that they would "hesitate on the present data alone
to claim a simple relationship between span and [acoustic]
confusability. There are inevitably structural differences
petween the 3 and the 9-letter vocabularies. In particular,
more letters are repeated in the sequences drawn from the
smaller set.” (p.431). In this statement is contained a hint
that the phonological similarity effect is also related to
the repetition of items and hence may be an effect of either
item or order confusion. This inference is supported by data
from Richardson (1984) which showed smaller phonological
similarity effects using a free-recall paradigm than in a
serial recall paradigm. From this differential effect on the
phonological similarity effect, Richardson (1984) also
suggested that the Phonological Store contributes only to
those tasks in which accurate serial-order information was
required.

Coltheart (1993) has presented two studies directly bearing
upon the issue of whether the phonological similarity effect
is due to content and/or order confusions. At the time that
the present author had just completed Experiment 6 of the
present dissertation, Coltheart published an independent
investigation of the question asked in my Experiment 5.
Coltheart presented subjects with a series of either
phonologically similar or phonologically dissimilar words.
Typically a phonological similarity effect would be found in
such a paradigm. Coltheart also constructed her word lists
from either a fixed pool of 10 stimuli or presented novel
words on each trial. The repeated 1list represented a
condition in which the stimuli would be easily recalled but
the order would be changed on each trial. The novel list
represented a condition in which both the stimuli and the
order would need to be recalled. The 1logic of this
manipulation was that if the phonological similarity effect
was an effect of order, then the repeated list (order only)
would show a larger phonological similarity effect than the
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novel list (content plus order). Coltheart’s results did not
find any difference between repeated or novel lists. However,
as will be discussed in the introduction to the present
Experiment 5, her results consistently showed a non-
significant (at p < .05) tendency toward a larger
phonological similarity effect for repeated than for novel
lists. The relationship between order information and the
phonological similarity effect is clearly an area for further

investigation.

Summary

In summary, there are some empirical reasons why it cannot be
assumed that the phonological similarity effect is definitive
of a Phonological Store in the exact form proposed by
Baddeley (1986, 1992a, 1992b). In some conditions
phonological information clearly remains available when the
Phonological Store, the presumed repository of phonological
information, is considered inoperative. Also, there is some
evidence suggesting that the Phonological Store 1is as
concerned with order as with content information. Neither of
these results can be adequately explained by the current
qualitative/structural model of working memory.

The Irrelevant Speech Effect

The irrelevant speech effect is when a noise extraneous to
the recall task reduces the 1level of recall of visually
presented materials. The effect has been replicated many
times (Colle, 1980; Colle & Welsh, 1976; Jones & Macken,
1993, in press; Jones, Madden, & Miles, 1992; Jones, Miles &
Page, 1990; Miles, Jones, & Madden, 1991; Morris & Jones,
1990a, 1990b; Morris, Jones, & Quayle, 1989; Salame &
Baddeley, 1982, 1986a, 1986b, 1987, 1989, 1990). Irrelevant
speech disruption is independent of the semantic
characteristics of the speech, and is now thought to be due
to the change in composition from one sound to the next in
the irrelevant stream. This account of the irrelevant speech
effect is termed the changing state hypothesis (Jones, &
Macken, 1993, in press; Jones, et al., 1992).
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paddeley (1992a) assumes nthat irrelevant speech gains
obligatory access to the phonological store and is thus able
to corrupt the memory trace, leading to impaired recall”
(p-9) - Based on this interpretation, the irrelevant speech
effect has been perceived as supporting the Baddeley (1986,
1992a, 1992b) version of the Phonological Store in two ways.
First, the irrelevant speech effect has been interpreted as
demonstrating that the Phonological Store is indeed
acoustically based, as auditory information appears to take
precedence over visual information. Second, the irrelevant
speech effect has been interpreted as demonstrating that
auditory material has obligatory access to a Phonological
Store (Baddeley, et al., 1984; Salame & Baddeley, 1982, 1987,

1989).

Baddeley’s (1986) inferences from the irrelevant speech
effect have not been without criticism. The inference that
the irrelevant speech effect has obligatory access at the
phonological 1level (Salame & Baddeley, 1982, 1989) has
recently been challenged by Jones and colleagues, who are now
presenting a more process-oriented model of how the
irrelevant speech effect operates (Jones, 1992; Jones &
Macken, in press). In its simplest form, Jones and Macken (in
press) suggest that, when successive items are presented,
there is a set of cues to the serial order of those items
established in the form of cognitive linkages between those
items (or objects). The linkages are held to be more robust
when derived from items with a high changing state value
(e.g., phonologically dissimilar items) than when they have a
low changing state value (e.g., phonologically similar
items). When irrelevant items with a high changing state
value compete with to be recalled items in serial order,
there is disruption of the order cues. When irrelevant items
with a 1low changing state value compete with serial order
information, there is less disruption on recall. Thus, as
with the phonological similarity effect, there is an
alternative interpretation of the irrelevant speech effect
that, unlike the qualitative/structural model of working
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memory, bases its mode of operation upon disruption of item

order in opposition to item content.

In summary, the irrelevant speech effect has been presented
as evidence for the Phonological Store. Again, there is also
evidence that suggests that the irrelevant speech effect is
as much involved with item order as with content. In part,
the difference between the two perspectives is again related
to whether working memory is described as a set of structures

or a process.

The Word-Length Effect

The word-length effect is when fewer long words are recalled
than shorter words. Word length is not determined solely by
syllable length nor the number of letters. Instead, word-
length effects are best predicted when word length has been
determined from the time it takes to articulate (read aloud)
those words. Consideration of the word-length effect allows
further development of the Phonological Store.

Evidence presented in support of an Articulatory Rehearsal Process based on the

word-length effect
Baddeley, et al. (1975) conducted a series of eight
experiments examining the word-length effect. Their basic
procedure was that 1lists of short or 1long words were
presented to participants and then participants were required
to recall the items in serial order. In their first
experiment, 1- and 5-syllable words were presented to
participants in an incrementing span task. Over presentation
spans of from 4 to 8 items, 1l-syllable words were always
better recalled than 5-syllable words. At this point there
could be many alternate explanations of this word-length
effect based on for example word frequency or articulation
rate. So, in their third experiment, Baddeley, et al.
constructed two 1lists of di-syllabic words matched for
frequency, but with items in one 1list taking 1longer to
articulate than in the other. When these two 1lists were
presented for later serial recall, the list that took longer
to articulate was less well recalled than the list that took
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less time to articulate. In their fourth experiment, when the
lists were also matched for the number of phonenes,
frequency, and syllables, there was still a word-length
effect. From these data, the authors concluded that the word-
length effect was related to the articulation time of the
items. When articulatory suppression was present, Baddeley,
et al. observed that the word-length effect disappeared with
visual but not with auditory presentation (see also, Levy,
1971; Longoni, et al., 1993; Peterson & Johnson, 1971).
However, Baddeley, et al. (1984) found data which suggest
that, provided articulatory suppression was present during
acquisition and recall, there was a word-length effect
irrespective of presentation modality.

Word-length effects found by Baddeley, et al. (1975) have
also been used as a basis from which to infer the duration of
an item in working memory. The duration of working memory wa.
calculated as the number of words recalled divided by the
articulation time of those words. For example, if a person
could recall 5 words and could articulate words of that type
at 2.5 words per second, then the duration of working memory
would be calculated as 5/2.5 = 2 s. Empirical investigation
of the duration of the Phonological Store using the above
logic found that working memory duration ranges across
persons from 1.5 to 2.0 s (Baddeley, et al., 1975).

The word-length effect has proven to be a replicable result
cross-culturally (e.g., Ellis & Hennelley, 1980; Naveh-
Benjamin & Ayres, 1986). Ellis and Hennelley’s (1980) data
show that native Welsh speakers speaking Welsh digits had a
shorter span on the Welsh than the English language version
of the WISC. However, when the total time to articulate the
digits was measured, no difference between English and Welsh
speakers was observed. The data from Ellis and Hennelley
suggests that the Phonological Store is limited by temporal
duration, rather than by item capacity per se.

In summary, the word-length effect appeared to be related to
the inverse of the time to articulate items, articulatory
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suppression prevents the word-length effect, and the duration
of working memory was calculated at 1.5 to 2.0 seconds.

To account for these results based on the word-length effect,
Baddeley and his colleagues (Baddeley, 1986, 1992a, 1992b;
Baddeley, et al., 1984; Baddeley, et al., 1975) have proposed
an Articulatory Rehearsal Process which will now be
described. The rehearsal speed of the Articulatory Rehearsal
Process is presumed to be determined by the rate at which the
items can be articulated. Hence, the more rapidly items can
be articulated, the more rapidly each item can be rehearsed.
The more rapidly an item can be rehearsed, the more time is
left (out of the total working memory duration of 1.5 to 2.0
seconds) for other items (in the Phonological Store) to be
rehearsed before they fade below a threshold below which they
are forgotten. Consequently, when recall for a set of items
which can be rehearsed rapidly (e.g., short words) is
compared to recall for a set of items which are less rapidly
rehearsed (e.g., long words), recall will be greater for the
set with the faster articulation rate per item. Thus, the
Articulatory Rehearsal Process accounts for the production of
word-length effects and also highlights that it is rate of
rehearsal, and not solely capacity of storage, that
determines how effective working memory is (Baddeley, 1986).

Thus the Phonological Loop is not only comprised of a
Phonological Store, but also is presumed to have an
Articulatory Rehearsal Process (Figure 1). The Articulatory
Rehearsal Process maintains items and converts visual to
articulatory information. The Articulatory Rehearsal Process,
but not the Phonological Store, is vulnerable to disruption
by concurrent articulation and irrelevant speech. Thus, the
Articulatory Rehearsal Process and the Phonological Store are
seen as two separate but complementary processes (Longoni, et
al., 1993).

Flaws with an Articulatory Rehearsal Process based on the word-length effect
The model of the Articulatory Rehearsal Process stands or
falls on the relationship between articulation rate (the mean
rate of reading the set of stimulus items aloud) and recall.
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Any empirical criticism of this theory must demonstrate that
articulation rate and recall are either not related or are
mediated via a third cognitive process. On both issues, there
" is some empirical work contraverting the relationship between
articulation rate and recall.

Tehan and Humphreys (1988) presented participants with high
and low frequency words varying across three word classes
(adjective, noun, function). Measures of reading rate and
pronunciation rate were also taken. Word frequency effects
could be predicted by articulation rate differences between
high and 1low frequency items. However, articulation rate
differences across word class failed to produce word class
effects in the predicted direction. From Tehan and Humphrey’s
results, the data suggest that span differences can occur
without pronunciation rate differences. Furthermore, span
differences were as marked with, as without, articulatory
suppression, which ought to have prevented pronunciation rate
differences having an impact on later recall.

Caplan, Rochon, and Waters (1992) also present data in which
sets of words were varied across the time to articulate those
sets. When these sets of words were also matched for the
number of syllables and phonemes in them, there were no word-
length effects. From these data, Caplan, et al. concluded
that it was the phonological structure of the words, not the
articulation time, that produced the word-length effect.
Baddeley and Andrade (1994) countered that the sets used by
Caplan, Rochon, and Waters were not sufficiently different in
articulation time and that the word-length effect was in fact
a robust phenomenon that has been replicated many times,

hence must be disconfirmed repeatedly.

In their reply to Baddeley and Andrade (1994), Caplan and
Waters (1994) suggest that in some of these ‘robust’ studies
(e.g., Ellis & Hennelley, 1980; Hoosain & Salili, 1988),
there was a potential confound of phonological similarity
with articulatory duration. That is, in the cross-cultural
studies, there is no indication of phonological similarity
having been controlled (c.f., Longoni, et al., 1993). Also,
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Caplan and Waters suggest that measuring articulation rate on
different subjects (Baddeley & Andrade) and only on a sample
of the total set of target words is an insufficiently precise
measurement of articulation rate. They suggest that all items
from the set be presented to the same subjects as those who
performed the recall task. When these methodological
refinements were enacted, there was again no correlation
found between articulatory rehearsal rate and recall (Caplan
& Waters). Thus, from the work of Caplan and colleagues, the
suggestion is that the typical measurement of articulation
rate is imprecise, that phonological similarity may have
confounded previous replications of the relationship between
word-length effects and articulation rate, and that, as a
result, word-length effects cannot be described as
unambiguously produced by differing articulation rates.

There has also been evidence that the word-length effect is
not produced solely during rehearsal of items in a single
input buffer, but that it is an effect produced at recall by
the operation of an output buffer. . Cowan, Day, Saults,
Keller, Johnson, and Flores (1992) performed a detailed
analysis of the relationship between recall time and word-
length effects. Their data showed that the 1longer an item
took to recall, the lower was its probability of recall. That
is, word-length effects might be produced by decay at output,
rather than as a function of active rehearsal of items by the
Articulatory Rehearsal Process.

In an extension of the work by Cowan, et al. (1992), Avons,
Wright, and Pammer (1994) compared serial recall and probed
recall for word-length effects in an adult population. Their
reasoning was that if the Articulatory Rehearsal Process
operates as theorized (Baddeley, 1986, 1992a, 1992b), then
there should be no difference in the magnitude of the word-
length effect as a function of recall method. However, if the
word-length effect were partly occurring because it takes
‘more time to prepare an articulatory code for longer over
shorter words, with that delay having a deleterious effect on
an output buffer, then probed recall should show less of a
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word-length effect than serial recall. That is, if the word-
length effect is the result of a separate output buffer for
speech (Coltheart, Avons, & Trollope, 1990; Monsell, 1987),
then there would be greater word-length effects for serial
recall (examining the output buffer) than for probed recall
(examining the input buffer). This is exactly what the data
in the studies by Avons, et al. show.

In addition, in Avons, et al.’s (1994) first two experiments,
a five second delay before recall was imposed between the
trial and recall. To maintain items over this period persons
would be expected to engage in rehearsal. If rehearsal is the
source of the word-length effect, then the magnitude of that
effect ought to have become larger for delayed than for
immediate recall. Avons, et al.’s results showed that the
word-length effect continued to be different as a function of
recall method even after a delay. Of most importance, delayed
recall did not increase the word-length effect, suggesting
that additional rehearsal does not necessarily produce
increased word-length effects, a conclusion at odds with the
received interpretation of how the Articulatory Rehearsal
Process operates. From their results, Avons, et al. concluded
that "...some, if not all, word-length effects arise at
output, possibly by decay during output, by restrictions
imposed by a limited-capacity output buffer, or by output
interference.” (p.229).

Henry (1991) also compared word-length effects in 5 and 7-
year-old children. The importance of the two ages is that 7,
but not 5-year-old children are thought to use rehearsal as a
memory strategy. Therefore, if the word-length effect occurs
as a function of rehearsal, then 7 and not 5-year-old
children would display word-length effects. Word-length
effects in both serial and probed recall were shown by 7-
year-old children. However, 5-year-old children also showed
word-length effects for serial recall. Such a result is
inconsistent with the word-length effect being produced by a
rehearsal process, because children are not thought to be
using rehearsal at that age. Thus, some evidence exists that
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word-length effects can occur when rehearsal is not presumed
to be operating. It must be noted that such a conclusion
relies on the assumption that 5-year-old children do not use
rehearsal, an assumption that definitely requires greater

empirical scrutiny.

Thus, there do exist some data that show that (1) the word-
length effect occurs in the absence of articulation rate
differences, (2) that the word-length effect is related to
the time taken to recall items, (3) that increased rehearsal
time does not necessarily increase the word-length effect,
and (4) that word-length effects may occur in the absence of
rehearsal. When considered as a body of evidence, these
results suggest that the word-length effect |is not
necessarily produced by different rates of rehearsal as
originally suggested. Instead, the word-length effect might
be better considered as resulting from the operation of a
separate output buffer for speech (Avons, et al., 1994;
Coltheart, et al., 1990). This proposed separation of
rehearsal (at input) and speech output processes represents a
critical theoretical issue for the qualitative/structural
model of working memory which is based on a unitary
Articulatory Rehearsal Process. '

Summary
In conclusion, the word-length effect has been used to
support a dual-process model of working memory. The word-
length effect has been taken to indicate that a separate
process converts visual to articulatory information and
rehearses that information from a Phonological Store. This
interpretation has endured and been supported by many
replications of the word-length effect. However, recently
there has been evidence advanced that the relationship
between articulation rate and word-length effects is not.
always robust and that the word-length effect is possibly an
effect produced by a speech output buffer (Avons, et al.,
1994; Caplan, et al., 1992; Caplan & Waters, 1994; Coltheart,
et al., 1990; Cowan, 1992; Cowan, et al., 1992; Henry, 1991;
Monsell, 1987).
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Neuropsychological Evidence

Turning to neuropsychological evidence, Baddeley (1986,.
1992a, 1992b) asserts that persons with STS deficits have in
fact a defective Phonological Store (e.g., Baddeley, Vallar,
& Wilson, 1987). The operation of the Phonological Store is
hypothesized to produce the phonological similarity and word-
length effects. Thus to the extent that persons can recall
words presented visually, if it is the Phonological Store
that is damaged, then both the phonological similarity and
word-length effects should be absent. This is what has been
found, thus supporting a close 1link between the STS and
working memory (Vallar & Baddeley, 1984). However, there is
also more recent evidence that concludes that the STS and
working memory are in fact separate (e.g., Cantor, Engle, &
Hamilton, 1991; Klapp, Marshburn, & Lester, 1983; Swanson,
1993, 1994). Thus, the statement that the STS deficits are
Phonological Store deficits remains unresolved.

Evidence from Persons with Dysarthria

Finally, persons who are dysarthriac (mute) have been shown
to develop both phonological similarity and word length
effects by measuring their written recall of - words and
letters (Baddeley & Wilson, 1985). Also, Bishop and Robson
(1989) have found phonological similarity and word-length
effects in persons who have never had speech. If the locus of
the word-length effect was at a purely speech level, this
effect would be incongruent with Baddeley’s (1986) model of
the Phonological Loop. Thus it would seem that the
Articulatory Rehearsal Process 1is not dependent on the
capacity to speak. As Baddeley (1992a) suggests, the
Articulatory Rehearsal Process may be based on some more
central articulatory process than speech output alone.

Summary

To summarize, the Phonological Loop has been hypothesized as
a distinct process that is primarily phonological, is
temporally 1limited to about 2.0 seconds, uses subvocal
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rehearsal to maintain existing phonemes, and that is capable
of converting other modalities to a phonological mode.

While this model of the Phonological Loop has the appeal of
parsimony and also accounts for many empirical data, there
are also some data which <cast doubt on the model.
Specifically, the present version of the Phonological Loop
fails to provide an adequate explanation of the separate
processing of item and order information, and the word-length
effect may be as much an effect at output as at rehearsal.

I shall now provide a brief outline of the Visuo-Spatial
Sketch-Pad and the Central Executive. As these two components
are not explicitly investigated in the present dissertation,
they will not be reviewed in as much detail as the

Phonological Loop.

The Visuo-Spatial Sketch-Pad

The second ’‘slave’ system, the Visuo-Spatial Sketch-Pad, is a
necessary second system to explain how words presented
visually can be recalled when articulatory suppression
prevents subvocal rehearsal operating and the Phonological
Store being used. Baddeley (1992a) describes a task in which
a person remembered a sentence of instructions by either
visualizing the sentence or by rote memory (the Phonological
Loop). For example, a spatial sentence might be:

" In the starting square put a 1, in the next square to
the right put a 2, in the next square down put a 3, etc”
(Baddeley, 1992a, p.10).

A second parallel sentence was presented in which the spatial
adjectives were replaced by non-spatial adjectives (e.g.,
‘right’ might be replaced with ’‘good’). When persons tracked
a moving spot of light (a visuo-spatial task), recall of the
sentences with spatial adjectives decreased, but not recall
of non-spatial adjective sentences. When persons then tracked
a moving pendulum while blindfolded (a spatial-only task),
greater recall decrements for spatial sentences occurred than
in the visuo-spatial tracking task (Baddeley & Lieberman,
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1980). From this Baddeley concluded that the Visuo-Spatial
Sketch-Pad is a distinct component and that it is perhaps
more spatial than visual in nature.

However, subsequent studies have shown that there is also a
definite visual component, in addition to the spatial
component of the Visuo-Spatial Sketch-Pad (Farah, et al.,
1988; Hanley, et al., 1991; Logie, 1986) .

Thus, it appears that the Visuo-Spatial Sketch-Pad consists
of processes that temporarily store information in visual or
spatial form. As yet, the duration of the storage and how the
visual and spatial components are interrelated has not been
explicated. Neither has a process analogous to subvocal
rehearsal in the Phonological Loop been found in the Visuo-
Spatial Sketch-Pad. Finally, there appears to have been less
attention paid to clinical deficits in the Visuo-Spatial
Sketch-Pad than in the Phonological Loop.

The Central Executive

Baddeley (1992a) refers to the Central Executive as an "area
of residual ignorance rather than a well-worked-out concept"
(p.-12). Yet, where there are at least two working memory
components (the Phonological Loop and the Visuo-Spatial
Sketch-Pad), it is intuitively sensible to assume that some
mechanism is responsible for controlling and monitoring the
output of these systems (e.g., Atkinson & Shiffrin, 1971).
Furthermore, as processing is ongoing with considerable
dropping of irrelevant information (Waldrop, 1987), perhaps
it is also the Central Executive that selects what is
relevant for potential processing. This selection process is
remarkably similar to an attentional mechanism, a point
Baddeley (1986, 1992a, 1992b) has noted.

In comparing the Central Executive to an attentional model,
Baddeley (1986, 1992a) uses a model of attention proposed by
Norman and Shallice (1980, cited in Baddeley, 1992a). In the
Central Executive, it was hypothesized that processing is
typically controlled by activating a schema and periodically
monitoring the output. Where the output fails to meet the
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desired criteria, the Central Executive interrupts the
current schema, selects a new strategy, and activates that
strategy. From this model of the Central Executive, Baddeley
(1986) proposed an explanation for the results of a study by
him twenty years earlier (Baddeley, 1966c), in which he
examined the ability of persons to generate random letter
sequences. Baddeley’s (1986) explanation of his earlier
results was as follows. Letters are learned in an
alphabetical sequence a, b, c, d, etc, termed an alphabetical
schema. To produce a random sequence of letters, the
alphabetical schema must be activated and monitored for one
letter (x;j). Next, a decision rule must be invoked to ensure
that the subsequent letter (xj;;) is not predictable by a
series function (xj4+7 <> f(xj)) and that the subsequent
letter has not been repeated more frequently than any other
previous letter (p(xj+3) = p(xj: i = 1 to 1i)). When these
conditions are satisfied, then a new production schema can be
activated. If the above explanation is an accurate portrayal
of Central Executive processes, when the Central Executive is
overloaded (assuming it has limited capacity) redundancy of
letters and stereotypy of sequence would occur. This is the
exact effect Baddeley (1966c) had obtained early in his
career in what he, at the time, considered a puzzling result.
Thus it would appear that the Central Executive monitors
output and selects strategies or schemata for processing.

A second source of information about the Central Executive
comes from the performance of persons with Alzheimer’s
Dementia. Morris and Baddeley (1988) compared the performance
of persons on either a task previously hypothesized as using
the Phonological Loop or a task using the Visuo-Spatial
Sketch-Pad against performance using both slave systems at
once. Using either slave system alone should only require one
activation of that system by the Central Executive. Using
both systems concurrently was assumed to require activation
of the Central Executive every time a switch between systems
was made. Because the Central Executive model was based upon
models of attention, because attention is perceived as a
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frontal lobe process, and because post-mortum examinations
suggest Alzheimer’s patients have frontal 1lobe atrophy,
persons with Alzheimer’s Dementia were predicted to have a
deficit in the Central Executive so that they would be less
able to perform the necessary switching between systems. The
prediction was that persons with Alzheimer’s Dementia would
show a significantly greater decrement in recall when
performing both tasks than when performing one task alone.
Persons of the same age as the Alzheimer’s Dementia group and
younger people were predicted to show no significantly larger
decrement in recall when both systems were in use than when
either system alone was in use. These are precisely the
results that Morris and Baddeley obtained. These results
suggest that the concept of the Central Executive is modelled
correctly as a monitor and task assigner and is a potentially
useful indicator of Alzheimer’s Dementia and possibly other
clinical executive deficits.

To summarize, the Central Executive is considered by Baddeley
and colleagues as a necessary theoretical 1link between the
Phonological Loop and the Visuo-Spatial Sketch-Pad. There is
also increasing empirical support for the concept of the
Central Executive as a manager of processing. The management
of processing at this stage appears to involve monitoring of
processing in addition to activation and inhibition of
processing. There is also some data that suggest that the
Central Executive has some storage ability of its own
(Morris, 1989), and that it can temporarily create a type of
memory cache of its own (Reisberg, et al., 1984).

SUMMARY

In this dissertation, how the qualitative/structural model is
able to account for the storage of visually presented verbal
information is being investigated. The particular explication
used for this model was that presented by Baddeley (1986).
The qualitative/structural dual-task model of working memory
is able to explain many data generated experimentally.
However, it is also the case that sometimes data do not
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readily fit this working memory model (e.g., Klapp, et al.,
1983). Specifically, the above review highlighted that the
qualitative/structural model does not provide an adequate
model of how verbal order information is preserved, and
second, there has been some evidence suggesting that the
word-length effect is an effect at output, and thus not
directly part of what 1is typically thought of as the
Articulatory Rehearsal Process of working memory. Thus, there
is a need to examine the role of order information and the
operation of the word-length effect, in addition to the
already stated intention of investigating similarities and
differences in how the qualitative/structural and
quantitative/process models of working memory account for
storage of visually presented verbal information.

To foreshadow this investigation it must be noted that,
because the present work focuses on verbal information, only
tasks presumed to index the Phonological Loop of the
qualitative/structural model will be used. This is also
because the quantitative/process model presented below only
deals with verbal information. Thus, by focussing on only
verbal information, one is comparing ‘apples with apples’.
However, this does not imply that Baddeley’s (1986) model of
working memory can be reduced to the Phonological Loop alone.
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CHAPTER 3: QUANTITATIVE/PROCESS MODELS OF WORKING
MEMORY -

Evolving from the development of the qualitative/structural
model of working memory, two other applied cognition areas
were also making use of the concept of working memory: the
area of reading (e.g., Daneman & Carpénter, 1980, 1983) and
the area of aging (e.g., Salthouse, et al., 1989). Both of
these areas define the construct of working memory as
consisting of an interaction between operation and span
components. That is, both of these areas appear to have used
the Baddeley and Hitch (1974) method of measuring working
memory as both an. operational and conceptual definition. In
the present dissertation, an operation plus span definition
of working memory will be termed a complex-span task at an
operational 1level to help alleviate some of the apparent
overlap between the concept of working memory and tasks used
to measure that concept. In contrast, measurement of span
only will be termed a simple-span task.

The utility of a complex-span measure of working memory was
that it allowed researchers to more accurately predict, for
example, reading comprehension performance (Daneman &
Carpenter, 1980) using a complex-span task than could be done
with a simple-span task. Because complex-span methods of
measuring working memory obtain a score or quantity that
represents the span of working memory and because they refer
to working memory as an interactive process, this group of
working memory models will be referred to as
quantitative/process modéls in this dissertation. Thus,
complex-span measures are used to infer quantitative/process

models of working memory.

Before proceeding, it is important to consider whether the
similarity of approaches described below can be inferred to
comprise a model. Most apparently, the approaches used below
are in no way as clearly developed as Baddeley’s (1986)
model. Second, while the approaches described below do share
a common theme, as will be developed, they are not identical.
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And so, in the present context, it is important to be aware
that using the term ’‘model’ for both quantitative/process and
qualitative/structural models of working memory does not
imply equality of either development or theoretical scope

between then.

Generally, quantitative/process approaches to
operationalising working memory are based on psychometric
principles of reliability and validity (Anastasi, 1982;
Baddeley, 1986). These principles imply that working memory
differences are reflected in score differences. That |is,
differences on a score (or quantity) reflect or imply
differences in working memory (processes). This very concise
operational definition allows working memory to be examined
in relationship to other processes. The quantitative/process
model of working memory relies on the complex-span measure of
working memory being able to describe and predict empirical
data. It is assumed that if a measure is able to describe and
predict data, that the underlying principles in constructing
the measure are theoretically relevant (Anastasi, 1982).

This process of defining working memory suggests a method for
examining the application of the quantitative/process theory
of working memory. First, Chapter 3 will examine how working
memory has been operationalised and how successful this
operationalisation has been. The conclusion of this first
section is that the operation plus span method of defining
working memory has been both reliable and valid in
psychometric terms. Having established the pragmatic use of
complex-span tasks, the second section examines what the
generic complex-span measure implies about the structure and
operation of quantitative/process model of working memory.
The conclusion of this section is that the operation plus
span measure involves preservation of content, order, and
perhaps processing speed.

A PRAGMATIC ANALYSIS OF THE COMPLEX-SPAN TASKkS: DO THEY PERFORM?

In examining the success or otherwise of the complex-span
operationalisation of working memory, the succeeding sections
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discuss the definition of a complex-span task, the
reliability of operationalisations of a complex-span task,
and the validity of a complex-span task as a measure of a

quantitative/process model of working memory.

Table 2. A selective review of working memory definitions used by researchers using a
quantitative and process oriented correlational approach to aging and working memory (italics
added) .

“Campbell & Charness (1990) "... the cognitive processes used to manipulate or
temporarily store information while planning or
controlling other mental processes.” (p.879).

Daneman & Carpenter (1980) “"Working memory is assumed to have processing as
well as storage functions; it serves as the site for
executing processes and for storing the products of
these processes " (p.450).

Dixon, LeFevre, & Twilley "... the mental system responsible for hol/ding and

(1988) manipulating information during a variety of cognitive
tasks” (p.465).
Dobbs & Rule (1989) ... the more active aspect of working memory [which

is] responsible for the selection, scheduling, and co-
ordinating of processing...” (p.500).

Foos (1988) ®... a limited capacity system that temporarily stores
information during processing® (p.269).

Gick, Craik, & Morris (1988) "... to manipulate information held in short-term memory
while carrying out further operstions on the stored
items” (p.353). .

Masson & Miller (1983) ®... responsible for both hol/ding information for a limited
time and for carrying out various processing operations”
(p.314). .

Morris, et al. (1990) "Working memory tasks are those in which the person
must ho/d a small amount of material in mind for a short
time while simultaneously carrying out further cognitive
operations, either on the material held or on other
incoming material." (p.67).

Morris, Gick, & Craik (1988). "... tasks in which subjects must divide their attention
between ongoing processing and short-term storage”
(p.362).

Salthouse, et al. (1989) ... involves simultaneous storage and processing of
information™ (p.508).

Salthouse, Babcock, & Shaw “Working memory is distinguished from... short-term

(1991) memory by an emphasis on the simultaneous storage
and processing of information in working memory... "
(p.118).

Salthouse & Babcock (1991) "...the preservation of information while simultaneously

processing the same or other information” (p.763).
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Definition of Working Memory

It appears almost obligatory in North American literature on
working memory to do two things. First, one must quote
Baddeley and Hitch (1974). Second, one must define working
memory as involving ‘temporary storage and processing’ of
information (Table 2), that is, to define working memory as
consisting of some operations plus storage. In some
instances, the concept of working memory has become so much
of an assumed entity that some researchers do not even
provide a definition (e.g., Engle, Nations, & Cantor, 1990;
Salthouse, 1991b). The following section reviews two related
operational definitions of working memory using an operation
plus span framework: the Reading Span task (Daneman &
Carpenter, 1980) and the complex-span definitions of

Salthouse and colleagues.

The Reading Span task of Daneman and Carpenter (1980)

Of all of the quantitative/process definitions of working
memory, the best known is the Reading Span task of Daneman
and Carpenter (1980). The Reading Span task has been used for
a long time, has been used in multiple studies, and has
produced psychometrically sound data.

The original Reading Span task of Daneman and Carpenter
(1980) was based on the assumption that a task using both
storage and a concurrent manipulation of information is more
likely to relate to other cognitive tasks, where storage
measures alone do not. The Reading Span task involved
presenting a sentence on a card which the person then read
aloud at their own pace. The person was presented a series of
these cards (from 2 to 7) and at the end of each series was
asked to recall as many of the last words from each sentence
as they could. Reading span was calculated as the point at
which the person was able to recall only two out of three of
a series length. Reading span thus defined working memory as
a score on a specific task hypothesized to represent the

underlying construct of working memory.
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Given that the Reading Span task was designed to provide a
measure of an underlying resource (a common resource
hypothesis; Klapp, et al., 1983) and the predictive
relationship of that resource to other cognitive operations,
the efficacy of the Reading Span task must be assessed
against this standard. Research using the Reading Span task
has shown that it can predict reading comprehension, verbal
fluency, and inferential ability (Daneman, 1991; Daneman &
Carpenter, 1980; Dixon, Le Fevre, et al., 1988; Engle,
Carullo, & Collins, 1991; Hartley, 1986; Masson & Miller,
1983; but not Light & Anderson, 1985). Furthermore, scores on
the Reading Span task and variants of it have been shown to
change with chronological age, even among school age children
(Engle, et al., 1991; Gick, et al., 1988; Morris, et al.,
1988; Light & Anderson, 1985). Thus, the Reading Span task
does appear to provide a predictive indicator of other
resource-based cognition.

However, theoretical development of how a
quantitative/process model of working memory operates has not
gone beyond specifying that it has processing and storage
components (e.g., Just & Carpenter, 1992). There have been
few direct tests of the distinction between processing and
storage. One research group who have attempted to empirically
separate processing from storage effects has been Salthouse
and colleagues.

A generic definition of an operation plus span working memory

Salthouse and colleagues have used a complex-span definition
of working memory as an independent predictor of age-related
cognitive decline. However, unlike Daneman and Carpenter
(1980), Salthouse and his colleagues have not restricted
themselves to a verbal complex-span task. Another difference
is that Salthouse and colleagues have also required that the
person do more than simply read the sentence. That is, in
later versions of complex-span tasks persons were required to
do something with the concurrent operation (c.f., Daneman &
Carpenter, 1980). This may involve, for example, verifying a
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sentence as correct or calculating an equation. Also, the
research by Salthouse and colleagues has not simply assumed
that the operation plus storage distinction is valid;
instead, this distinction has been explicitly examined. The
general logic is as follows: If working memory involves two
components, then measures of working memory ought to involve
a measure of each component. Furthermore, separate measures
of the operation and storage components might also be
expected to be differentially predictive of age-associated

cognitive change.

In a study designed to examine both the operation and storage
components of working memory, Salthouse, et al. (1989)
proposed that working memory consisted of a storage process
sensitive to the number of items presented (storage capacity)
and a second process sensitive to the number of operations
performed upon those items (operational capacity). They found
that young adults of high ability had higher operational
capacities than older high-ability adults but were no
different in their storage capacity. The differénce between
the operational capacities of low-ability adults of different
ages was much less and no differences in storage capacity was
evident. From these data, Salthouse, et al. concluded that it
is operational capacity, not storage capacity, that declined
with age (c.f., Morris, et al., 1990).

In another similar study, Salthouse and Babcock (1991)
examined the storage-operation distinction of working memory
further. Salthouse and Babcock used both linear regression
and path analysis methods to determine the strengths of the
component relationships. Using verbal and arithmetic tasks,
presented both visually and auditorily, multiple measures of
working memory’s hypothesized components were made.
Subsequent analysis showed that, as hypothesized by other
researchers (e.g., Morris, et al., 1990), both storage
capacity and operational capacity explained a significant
amount of variance on measures of working memory. Operational
capacity and storage capacity accounted for 99% of age-
associated variance on the working memory measures. When
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operational capacity was statistically controlled, age-
associated variance on working memory measures dropped to 1%.
However, when storage capacity measures were controlled, age-
associated variance on the working memory measures only
dropped to 12%, indicating from the asymmetry that storage
capacity mediates processing efficiency but that operational
capacity directly influences both overall working memory and
storage capacity. A second study replicated this result, but -
additionally demonstrated that simple comparison speed (of
verbal and pictorial stimuli) mediated the effect of age on
processing efficiency. Thus as previously concluded, it is
not simply how many operations were to be performed that was
predictive of working memory but "the speed with which even
very elementary operations can be successfully executed"
(p-775). That is, the operation component of working memory
could be predicted accurately from a measure of simple
comparison speed, such as comparison of 1line 1lengths
(Salthouse & Babcock, Study 2).

Processing effici

Working
memory

Age Comparison
speed

Operational
capacity

Storage

Figure 2. Salthouse’s (1992) model of the relationship between storage and operations in
working memory.

In a follow-up study, Salthouse (1992) replicated the path
structure described by Salthouse and Babcock (1991) in which
age predicted comparison speed, comparison speed predicted
operational capacity, operational capacity predicted both
storage capacity and working memory, and storage capacity
predicted working memory (Figure 2).

In conclusion, the work of Salthouse and colleagues has
provided empirical evidence for distinguishing between the
storage and operational components of working memory. This
evidence is in addition to the inferential evidence
accumulated by studies in which complex-span
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operationalisations are more predictive of other cognitive
operations than simple-span operationalisations. This
evidence will be discussed below.

Reliability of Complex-span tasks

Given that a major assumption about working memory is that it
is a stable process in a person’s cognitive makeup, any
complex-span measure of working memory must necessarily
produce the same or very similar estimate (or score) of
working memory capacity over short periods of time. Working
memory must display some test-retest reliability (Anastasi,
1982) on a complex-span task in order for that score to be
representative of an enduring cognitive process.

Table 3. Reliability coefficients for various operationalisations of a storage plus processing
models of working memory.

Study Measure ftt N

1. Salthouse & Mitchell (1989, p.512) Computation span .78 120
Paper folding .86 120

2. Babcock & Salthouse (1990, p.423). Verbal processing .67 80
Spatial/processing .61 80

3. Salthouse, et al. (1991, p.422). Spatial .84 50
‘ Numeric .87 50

4. Salthouse & Babcock (1991, p.768). Computation span .90 227
Listening span .86 227

5. Salthouse & Babcock (1991, p.771). Computation span .84 233
Listening Span .86 233

Of the studies using the Daneman and Carpenter (1980) Reading
Span task (or variants), there are very few that report any
test-retest reliability figures for the task. One exception
was Tirre and Pena (1992) who reported a test-retest
reliability of .73 for word recall using a Reading Span task.
Where test-retest reliability figures have been reported for
other types of complex-span tasks, they range from .61 to .90
(Table 3). In conclusion, although there is only a bare
minimum of reliability data for any operation plus span task,
what data exist support a conclusion that complex-span tasks
appear reliable.

However, it is important that complex-span measures of
working memory (such as those used in the present research)
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must demonstrate some reliability over ¢time. Only when
reliability has been confirmed can inferences be made about
what a score on that complex-span task represents in terms of
a stable cognitive process.

Validity Evidence for the Reading Span task.

Despite the paucity of reliability data for the use of
complex-span tasks, there has been some validity evidence
gathered. Validity evidence allows researchers to examine the
meaning of a score on a measure in relation to a theory about
the construct that the score is assessing (Anastasi, 1982).

Convergent and discriminant Validity

There have been a few studies in which the Reading Span task
(or a variant of it) has been correlated against other
measures of working memory and against span measures of
storage alone. These studies contribute data enabling
inferences about the convergent and discriminant validity of
the Reading Span task. From the data in Table 4, a measure of'
Reading Span has been found to correlate. moderately with
verballly-based complex-span measures of working memory. In
contrast, the Reading Span task has been found to correlate
less well with simple-span measures.

Table 4. Reported correlations between the Daneman and Carpenter (1980) Reading Span task
(or a variant) and other measures of working memory or of memory span alone.

Study Task 1. 2. < N
Daneman & Carpenter (1980). 1. Oral Reading Span X 20
2. Listening Span .80°° X
3. Silent Reading Span .88°** .75°*° X
Masson & Miller (1983) 1. Reading Span X 29
2. Letter Span .07 X
Light & Anderson (1985) 1. Reading Span X 45
2. Digits Backward 34°° X
3. Digits forward .26* 51 X
4. Word Span .45°** 44°*°** 40°°
Hartley (1986) 1. Reading span X 72
2. Word naming latency -.42°° X
3. Semantic verification -.41°° .67°° X
4. Text recall .03 -.28°* -.15

*p<.05, ** p<.01, ***p<.001
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This conclusion was also supported by studies using non-
verbal complex-span measures of working memory (e.g., Babcock
& Salthouse, 1990; Salthouse, et al., 1989; Salthouse, et
al., 1991; Salthouse & Babcock, 1991) in which simple-span
measures consistently failed to correlate as well with
complex-span measures of working memory as other complex-span
measures did. Consequently, it can be concluded that the
Reading Span task converges with other measures of working

memory.

The predictive validity of complex-span definitions of working memory for
other cognitive tasks

In the previous section, evidence was presented that
demonstrates that various operationalisations of working
memory appear to be measuring the same construct. The present
section examines the extent that a complex-span measure can
predict performance on some other measure, predictive
validity. Despite the incomplete definition of working memory
by researchers using a quantitative/process model of working
memory, there have been some interesting results produced by
these operationalisations of working memory in relation to

cognitive performance on various tasks.

First, the ability of the Reading Span task to predict
reading processes is examined. Next, the ability of more
diverse complex-span tasks to predict cognitive changes
associated with chronological aging 1is examined. The
conclusion from both subsections is that complex-span tasks
demonstrate a high level of predictive validity.

The Reading Span task and its ability to predict reading processes
Daneman and Carpenter (1980) began with a question of why, if
the STS is important for reading comprehension, do measures
of the STS not predict performance on measures of reading
comprehension. Their solution was that a new measure of the
STS was needed, a measure of both storage and processing
-aspects. They called this measure a Reading Span task (see
Just & Carpenter, 1992; MacDonald, Just, & Carpenter, 1992;
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Waldrop, 1987 for a discussion of how they define working

memory) .

In the original Reading Span task participants were asked by
Daneman and Carpenter (1980) to read a sentence aloud,
remember the final word, then read the next sentence and so
on, as described above. Typically persons had a mean span of
3.15 words (SD = .93) in this task. In their second
experiment, participants were asked to verify whether
sentences were true or false and were presented sentences
auditorily, visually, and visually but to be read aloud. In
all cases reading span was calculated as the highest number
of words that were recalled for two out of three trials.
Results for the three versions showed that mean spans were
2.9 (sb = .72), 2.38 (SD = .70), and 2.76 (SD = .80)
respectively. Daneman and Carpenter found that the Reading
Span task correlated well with reading comprehension
"measures, and from this correlation they asserted that ~If
good readers use less processing capacity [of working memory]
in comprehending the sentences, they should be able to
produce more final words than poor readers." (p.452). That
is, us.ing the Reading Span task, Daneman and Carpenter
demonstrated an empirical relationship between measures of

comprehension and working memory.

In a replication of the Daneman and Carpenter (1980) study,
Masson and Miller (1983) administered a measure of a person’s
ability to ‘draw inferences in addition to the Reading Span
task. It was found that working memory, assessed using a
modified version of the Reading Span task, was correlated
significantly with inferential ability, whereas letter span
(a simple-span task) was not. The discrepancy in the
correlations between the simple and complex-span measures was
inferred to be due to the operation component. Thus, the
storage component of working memory was suggested as being
less important in predicting inferential ability and
‘comprehension than the operation component.

Dixon, Le Fevre, et al. (1988) extended theoretical
understanding of working memory further by examining how word
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span compared to the Reading Span task. They found that digit
span or word span alone (STS or storage aspects) were indeed
significant components of reading span. However, like Masson
and Miller (1983), they found that these measures of storage
were not significantly related to either comprehension or
reading rate measures. However, reading span, a measure of
storage and operational capacity, was significantly related
to both comprehension and inferencing scores, replicating
previous research on the Reading Span task and its
relationship to working memory (Daneman & Carpenter, 1980;
Masson & Miller, 1983).

Not all research using the Reading Span task has found that
it is a better predictor of other cognitive processes than a
simple-span task. Light and Anderson (1985) examined the
extent of changes in both discourse and working memory and
how these changes were related to chronological age. While
performance on measures of working memory were similar to the
levels Daneman and Carpenter (1980) found, reading span on
the sentence task was not a better predictor of memory for
discourse (paragraphs) than measures of digit span or word

span.

In conclusion, research using the Reading Span task as a
measure of working memory has typically, but not always,
found a relationship between complex-span measures of working
memory and of other text-based cognitive processes. That is,
the use of the Reading Span task demonstrates predictive
validity of that task to other cognitive tasks (Baddeley,
Logie, Nimmo-Smith, & Brereton, 1985; Daneman & Carpenter,
1980, 1983; Daneman & Green, 1986; Dixon, Le Fevre, et al.,
1988; Masson & Miller, 1983). However, the Reading Span task
and the tasks it has been shown to be predictive of are all
verbally based. If the Reading Span task assesses a more
general working memory, then non-verbal complex-span measures
of working memory also ought to be predictive of other
cognitive processes.
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The predictive validity of complex-span tasks to aging .

This sub-section examines the relationship of non-verbal.
complex-span measures of working memory to chronological age.
It has been shown in many studies (see Kausler, 1991) that
with age, performance on a wide range of cognitive tasks
declines. One inference drawn from this research has been
that some general resource necessary to performing this wide
range of cognitive tasks declines with age. An obvious choice
for this general resource has been working memory (e.g.,
Salthouse, 1985). This subsection presents a selective review
of some research using diverse definitions of working memory
that has found complex-span measures of working memory to be
predictive of other age related cognitive changes.

In an arithmetically-based working memory task, Campbell and
Charness (1990) required participants to perform a seven step
mental squaring procedure of two digit numbers. Young,
middle-aged, and older adults (mean ages 24, 41, & 67,
respectively) showed similar decreases in calculation errors
over 200 trials. However, memory errors where components were
lost or steps were missed were always greater for older than
for middle-aged adults, and greater for middle-aged than for
younger adults. Analysis of the proportion of errors showed
that older adults increased errors in later sessions. Two
explanations of the data are possible. First, there may have
been reduced capacity of memory for sub-goals in older
adults. Second, older adults always took longer to calculate
each stage of the task. Because calculation took longer, it
may be that information was 1lost from a STS. In either
instance, the complex-span measure of working memory was
clearly related to age.

In a further study using an arithmetically-based measure of
working memory, Dobbs and Rule (1989) examined persons’
ability to change what was stored in working memory by
assessing recall of auditorily presented digits at lag 0, 1,
or 2. Dobbs and Rule used the mean number of digits recalled
to the first error in recall as the indicator of working
memory, a measure which showed differential age related
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declines as the lag was increased. Thus, again a complex-span
measure which examined both storage and operational
components was related to chronological age.

Salthouse, et al. (1989) predicted that working memory
represents a general resource which declines with age. From

_, this prediction, it is clear that measures of working memory

ought to predict age-related declines in other cognitive
tasks better than chronological age alone. In a test of this
hypothesis, Salthouse, et al. used a computation span measure
of working memory to compare to reasoning and paper folding
tasks. The correlations of computation span with reasoning
and paper-folding tasks were .48 and .38, respectively, both
significant at p < .01. Furthermore, when variability due to
the computation span task was removed, age-related
variability on measures of reasoning dropped from .28 to .12
and on paper-folding from .28 to .16. This drop in
variability indicates that the computation span measure of
working memory is an independent predictor of other cognitive
tasks.

Finally, Salthouse and Skovronek (1992) presented young and
older subjects with a cube-comparison task designed to assess
the availability of intermediary information at varicus
stages of processing. Young adults again scored higher on
three measures of working memory and on the other concurrent
cognitive tasks than older adults.

In addition to verbally-based operational definitions of
working memory, using non-verbal definitions of working
memory has shown that working memory scores remain predictive
of other cognitive operations (see also, Engle, et al., 1990;
La Pointe & Engle, 1990; Turner & Engle, 1989). As Salthouse
(1990) states, it appears to matter little how working memory
is assessed (sentence span or computation span) nor whether
presentation is auditory or visual. Overall, the non-verbal
complex-span tasks have demonstrated what the Reading Span
‘tasks have: that it is not simply storage or operational
capacity singly that measures working memory, rather a
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combination of both storage and operational capacity appear

to provide the best assessment of working memory.

Conclusions

This section began with an examination of definitions of
working memory. It has been shown that there is some utility
in the operation plus storage distinction. However, use of
this distinction also requires that attempts be made to
assess these dimensions separately to avoid the assumption
that both operation and storage are equipotent in their
impact on other cognitive tasks. Also, there are reliability,
convergent validity, and predictive validity data supporting
the use of a complex-span task to assess the
quantitative/process model of working memory. Finally, scores
on the complex-span task are typically better predictors of
other cognitive task performance than scores from a simple-
span task (but not always; see Light & Anderson, 1985).
However, further use of a complex-span task must explicitly
check the reliability of the measure, especially as complex-
span measures are theorized as representing a relatively
stable cognitive resource.

Overall, the evidence reviewed thus far allows two
conclusions to be drawn. First, the operation plus storage
distinction is a useful one in assessing working memory.
Second, operationalisations of this operation plus storage
distinction are robust across different modalities.

A THEORETICAL FRAMEWORK FOR THE QUANTITATIVE/PROCESS MODEL OF
WORKING MEMORY

Having established the utility of the complex-span task as an
operational definition of the quantitative/process model of
working memory, attention can now be turned toward examining
what this operational definition contributes to the
theoretical understanding of the quantitative/process model
~of working memory. This section examines three aspects of
working memory: preservation of content information;



52

preservation of order information; and, the role of temporal
factors in the operation of working memory.

Preservation of Content in Working Memory

It almost seems redundant to write that working memory
preserves intermediary and end products of processing. Since
the time of Ebbinghaus and others (Murray, 1980), memory of
all types has been assessed by what is preserved and how well
what is preserved can be recalled. For example, a typical
answer to the question of how someone’s memory is performing
usually involves some comment about how much is remembered
now, compared to some previous time. Memory and preservation
of content seem synonymous.

Yet there is an accumulating body of evidence that suggests
that content does not totally explain the role of working
memory in other cognitive tasks (e.g., Salthouse, et al.,
1989). This evidence comes from two sources: from comparisons
of working memory scores obtained on complex-span versus
simple-span tasks: and from path - analysis of the
relationships between measures of working memory components.

As has been reviewed so far, content-only information using a
simple-span task does not usually predict other cognitive
operations as well as content information obtained while
performing a complex-span task (e.g., Daneman & Carpenter,
1980; Dixon, Le Fevre, et al., 1988; Masson & Miller, 1983;
c.f., Engle, Cantor, & Carullo, 1992). This suggests that the
variability introduced into the content measure of a complex-
span task by the concurrent operation adds predictive power
to the score beyond that given by a storage-only score. That
is, when working memory capacity is measured using operation
plus storage, the resultant score is a better predictor of
other cognition than a score of capacity based on storage
alone. However, a capacity score on an operation plus storage
task 1is clearly an amalgam of operational plus storage
"capacity. To test the impact of a concurrent operation on
working memory, there is a clear need to obtain independent
estimates of both storage and operational capacity.
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Salthouse and Babcock (1991) used independent estimates of
storage and operational capacity to examine how well they
each correlated with an overall measure of working memory. In
their first and second experiments, Salthouse and Babcock
obtained correlations ranging from .39 to .56 between
measures of storage and operational capacity (corresponding
to how many operations can be performed in a given time). In
predicting age-related differences in other cognitive tasks
however, Salthouse and Babcock found that content measures
were not as effective as operational capacity measures in
predicting age-related variance. These results reinforce
that, although what is stored has been traditionally
perceived as of greatest importance, that it is also
worthwhile to examine operational capacity (see also
Salthouse, et al., 1991; Salthouse & Skovronek, 1992).

Order Information in Working Memory

A key feature of operational capacity is being able to
maintain the order of what is recalled. Order information
appears to be co-ordinated in working memory in two ways in a
complex-span task. First, there is the co-ordination of the
order of the intermediary products of a concurrent operation.
For example, in the calculation task of Campbell and Charness
(1990), persons had to maintain up to seven numbers in order
to achieve the final result. However, not only did the
content of the products have to be maintained, but the order
that those intermediary products were in must also be
preserved in order to obtain a correct final result. Clearly,
in performing a processing task, there must be some method of
'tagging’ the order of the intermediary products of the
processing task.

Second, as was discussed in Chapter 2, the order of items in
the storage component may also need to be maintained by
working memory. For example, Babcock and Salthouse (1990)
required the numbers from the secondary (storage) task to be
recalled in order (see also Brainerd & Kingma, 1985; Daneman
& Carpenter, 1980, 1983; Salthouse, 1991b, 1992; Salthouse &
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Babcock, 1991; Salthouse, et al., 1989; Salthouse &
Skovronek, 1992). Thus, in both complex and simple-span
tasks, being able to preserve the order of items is a

necessary component to the recall task.

Conclusion

In conclusion, the simple and complex-span tasks both clearly
require some ability at maintaining order information.
Whether the sequencing is of intermediary products necessary
for performing an operation successfully, or of items
necessary to recalling a span correctly, working memory is
clearly very involved 1in the preservation of order

information.

Temporal Factors in Working Memory

From the complex-span task, it 1is also clear that the
quantitative/process model of working memory 1is also
temporally limited. This subsection explores the nature of
those temporal limitations. '

Complex-span tasks, like simple-span tasks, are typically
presented as rapidly as the information can be assimilated,
and then recall is also usually as rapid as can ‘be managed
without being incorrect (e.g., the Reading Span task of
Daneman & Carpenter, 1980). The implication is that working
memory is temporally limited, that is, only maintains items
for a brief period of time.

With complex-span tasks, it 1is also difficult to control
stimulus presentation because it obviously takes some people
more time than others to complete an operation. Using the
Reading Span task (Daneman & Carpenter, 1980) as an example,
it may take person A 800 ms to verify each sentence
correctly. It may take person B 1200 ms to verify the same
sentence. Thus, if presentation time were only for 1000 ms
person A, but not person B, would be able to verify the
sentence. At the end of several verifications, person A may
have a span of 3 items. Person B may have a span of 4 items.
From this example it is unclear whether person A’s span was
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smaller than person B because of some smaller working memory
or because person B simply did not bother to do the
additional verification task. There is thus an obvious
confounding of the verification condition with the recall
condition. The simplest way to avoid this is to allow each
person to take as long as necessary to verify each sentence,
as is done with most variants of the Reading Span task.
However, in allowing verification times to be self-paced,
there is an onus on the researcher to also measure any
verification time differences, something which is not
typically done (e.g., Daneman & Carpenter, 1980; Salthouse,
et al., 1989). Measurement of the time it takes persons to
verify each sentence is thus a necessary variable to consider
in the present dissertation.

However, in measuring the time to perform a complex-span
task, one must be precise about what exactly is being
measured. That is, what information does verification time
provide? Borrowing the reasoning used by Salthouse (1988a),
this verification time may represent the total time to
successfully complete a set of operations. If the same
cognitive operation takes different times for different
persons, this represents different processing rates of
information in working memory. Second, different verification
times may reflect differences in sequencing the operations
occurring at the time. That is, there may be a differential
ability to preserve the place one is up to in a sequence of
operations; some subjects may need to engage in backtracking,
and ultimately require longer to complete the task. Finally,
different verification times may represent differences 1in
some working memory capacity that is necessary for performing
the complex-span task. This hypothesis implies a finite
amount of storage capacity (Salthouse, 1988a) that can be
allocated for the working memory process.

In a sense, each of these three explanations explain the
meaning of verification time in terms of processing rate,
order manipulation, and content of some component process of
working memory. Given that working memory itself is being
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explained in these terms, such a second-order explanation of
the temporal component is extremely recursive.

One possible solution to this problem is to ask the question
of what the verification time of a sentence means in and of
itself. That is, before assuming that the time to verify a
sentence represents some component of working memory, it is
necessary to first empirically establish a relationship
between verification time to perform a complex-span task and
the other aspects (content and order) of working memory. If
this verification time is not found to be related to other
working memory processes, then there is 1little value 1in
trying to incorporate a measure of a more general processing
time into a working memory model.

Conclusions

The present section has examined what theoretical variables
the empirical complex-span task implies for the theory-based
quantitative/process model of working memory. Consideration
of the complex-span task suggests that working memory
involves preservation of content information; working memory
involves maintenance of order information, whether within an
operation or between the span items; and working memory
involves some temporal aspects -- processing time. The
conclusion of this section then is that aspects of content,
order, and processing time may be critical in assessing the
operation of the quantitative/process model of -working

memory.

SUMMARY

This first section of the present chapter reviewed evidence
for the reliability and validity of complex-span task
operationalisations of working memory. The evidence favours
an interpretation that the complex-span task is a better
method of assessing working memory than a simple-span task
alone. However, this conclusion is not without some caution.
Specifically, the basis for this conclusion has been that

complex-span measures of working memory correlate better with
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other tasks than simple-span measures do. However, there has
been little direct empirical comparison between complex and
simple-span tasks to support an inference that, in and of
itself, a complex-span task is necessarily a better measure

of working memory per se.

Also, despite the operational success of the
quantitative/process definition of working memory, there has
been little specification of what either an operation or span
consists of since the original Baddeley and Hitch (1974)
definition of working memory. The second section of the
present chapter identified at 1least three key variables
implicated in the operation of the quantitative/process model
of working memory: content, order, and processing time. Of
these three, processing time is potentially the most
troublesome. Rather than trying to define processing time in
terms of what is occurring, the present research will firs+*
explicitly test whether the inferred relationship between
processing time and the other two variables can be
empirically demonstrated. While this may seem to be
postponing discussion of the nature of processing time, it
will be shown later that this choice is empirically
justified.
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CHAPTER 4: SUBJECTIVE ON-LINE META-MEMORY MEASURES

A third dimension of working memory is defined by the
distinction between measuring working memory by performance
(objective) or by self-report (subjective) methods. This
distinction has been captured in the past by referring to
performance and meta-memory measures respectively (e.g.,
Cavanaugh, 1989; Dixon, 1989; Kausler, 1991). However, while
it is tempting to refer to overt measures as what we know and
to meta-memory as what we know about what we know (e.qg.,
Brown, 1975), this distinction may not be as easily made
empirically. Chapter 4 specifically discusses the measurement
of meta-memory and the relationship between meta-memory and

working memory.

There have been many research articles and reviews published
examining meta-memory over a diverse range of perspectives.
Meta-memory has been examined both theoretically (e.g.,
Cavanaugh, 1989; Cavanaugh & Perlmutter, 1982; Czerniawska,
1983; Dixon, 1989; Flavell, 1971; Flavell & Wellman, 1977)
and in relation to memory performance (e.g., Barclay, 1981;
Cavanaugh & Borkowski, 1979; Cornolodi, Gobba, & Mazzoni,
1991; Hasselhorn & Hager, 1989). There have also. been many
methods of operationalising and assessing meta-memory,
- methods ranging from questionnaire assessment to online pre-
—estimates (e.g., Dixon, Hertzog, & Hultsch, 1986; Dixon &
Hultsch, 1983a, 1983b; Dixon, Hultsch, & Hertzog, 1988;
Gilweski, 2Zelinski, & Thompson, 1983; Hertzog, Dixon, &
Hultsch, 1990; Hertzog, Dixon, Schulenberg, & Hultsch, 1987;
Hertzog, Hultsch, & Dixon, 1989; Hultsch, Hertzog, & Dixon,
1987; Kausler, 1991; Leonesio & Nelson, 1990; Nelson &
Narens, 1990). Meta-memory has also been examined in relation
to memory performance declines associated with age (e.g.,
Agrawal & Chabra, 1989; Baillargeon & Neault, 1989; Bruce,
Coyne, & Botwinick, 1982; Cavanaugh & Murphy, 1986; Cavanaugh
& Poon, 1989; Devolder, Brigham, & Pressley, 1990; Devolder &
Pressley, 1989; Lachman, Lachman, & Thronesbury, 1979;
Loewen, Shaw, & Craik, 1990; Murphy, Sanders, Gabrieshki, &
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Schmitt, 1981; Murphy, Schmitt, Caruso, & Sanders, 1987;
Perfect & Stollery, 1993). Meta-memory changes have been
examined in relation to clinical disorders such as depression
(Niederehe & Yoder, 1989), amnesia (Janowsky, Shimamura, &
Squire, 1989; Parkin, Bell, & Leng, 1988), multiple sclerosis
(Beatty & Monson, 1991), and temporal lobe epilepsy (Prevey,
Delaney & Matson, 1988). Finally, meta-memory has often been
examined in relation to learning strategies of children
(Kontos, Swanson, & Frazer, 1984; Kurtz & Weinert, 1989;
McNamara, 1980; Pressley, Borkowski, & O’Sullivan, 1984;
Weed, Ray, & Day, 1990). However, in all this research, meta-
memory has never been examined in relation to working memory.

In considering the research on meta-memory, one is also
easily drawn into using such terms as awareness, knowledge,
mindfulness, cognizance, attention, and other mind-related
descriptors. There is a very real danger in using these terms
that they can be used as literary, yet imprecise, descriptors
of the construct of meta-memory. It is clearly unacceptable
to define meta-memory in terms of synonyms. There needs to be
a language capable of describing both the theoretical and
empirical aspects of meta-memory. However, the author is not
convinced that such a language exists that is simultaneously
able to describe the richness of meta-memory without becoming
vague and to also capture the components of meta-memory
without being overly reductionistic. Any discussion of meta-
memory 1involves at 1least acknowledgment that one is
discussing the knowledge one has about one’s knowledge -- a
clearly paradoxical statement in which a member of the subset
of one’s knowledge (meta-memory) is described using the same
language describing the set to which meta-memory belongs
(mind). This conflict of logical types (Watzlawick, Weakland,
& Fisch, 1974) is intuitively demonstrated by the difficulty
persons have in conceptualizing what meta-memory is, and in
the literature in which many synonyms are used, most of which
~lack conceptual substance. Any theory of meta-memory must at
least describe meta-memory in language capable of avoiding
confusion with metaphysical terms such as knowledge and
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awareness, that is, such a language must attempt to provide
external or at 1least independent referents (see also
Cavanaugh, 1989). As will be seen below, even this minimal

expectation is only partially met.

The following sections examine theoretical aspects of meta-
memory, operational aspects of meta-memory, and the
assumptions made in meta-memory research. However, the main
goal of this review is to define parameters for considering
whether persons are able to monitor their working memory.
That is, are subjective measures of working memory able to
inform one about the nature and operation of working memory
in the same or different ways that objective (performance)

measures can?

The Theoretical Basis of Meta-Memory

In the first use of the term meta-memory, Flavell (1971)
defined it very broadly as including both what a person knows
about their personal memory and what they know about
remembering in general. Thus, meta-memory was defined as
referring "to an individual’s knowledge of and awareness of
memory, or of anything pertinent to information storage and
retrieval.” (Flavell & Wellman, 1977, p.4). Meta-memory,
according to Flavell and Wellman, involves personal knowledge
about item characteristics, task demands, personal attributes
and available memory strategies. Together, the first two of
these features determine one’s assessment of the difficulty
of the memory task, and the latter two the ability of the
person to complete the task respectively. For example, one
might have to learn a series of 20 mathematical formulae. The
characteristics of the items are such that they are not
familiar to the learner and so are perceived as difficult.
The task demand that 20 items be learned is also such that
one might judge the task to be difficult. However, one might
have learned lists of formulae successfully before (personal
attributes) and might have found that starting with basic
equations and using integral calculus to derive further
formulae was a successful strategy. So, overall, when
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considering task difficulty and personal ability together,
one forms a meta-memory judgment about one’s probable memory
performance.

Tulving (1985) makes a similar distinction to the
difficulty/ability distinction of Flavell and Wellman (1977)
in distinguishing between noetic and autonoetic awareness.
Noetic awareness is what one knows about one’s knowledge base
and the needs of a memory task.  Autonoetic awareness is less
easy to define. Autonoetic awareness involves a subjective
perception of the state of one’s current memory; knowing the
current state of one’s cognitive system.

In a similar manner to Flavell and Wellman (1977), Dixon
(1989) defined meta-memory as

a term representing one’s knowledge, perceptions, and
beliefs about the functioning, development, and
capacities of (1) one’s own memory and (2) the human
memory system. It includes knowledge, perceptions, and
beliefs about the demand characteristics of various
tasks or situations, the availability and employability
of relevant strategies and aids, and other memory-
relevant characteristics of the persons themselves. (p.
396)

Dixon then noted that even this definition is at times
supplemented and altered to suit various researchers’
particular purposes. However, Dixon’s usage of meta-memory
extended the Flavell and Wellman definition by applying it to
other than only memory development (by implication in
children) and by describing the definition of meta-memory in
perceptual rather than external terms. This 1latter point
means that the nature of meta-memory is described rather than
the factors that produce meta-memory.

Memory Knowledge
Memory knowledge (Dixon, 1989) involves one’s awareness of
the static store of strategies that might help performance on
a memory task (Cavanaugh, 1989; Flavell & Wellman, 1977). For
example, when memorizing a list of facts about the Treaty of
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Waitangi, one might be aware that method of 1loci is a
strategy useful for remembering lists. Cavanaugh defines this
knowledge that the method of loci, for example, is a possible
strategy for remembering these facts as systemic awareness.
This type of awareness is essentially knowledge based -- what
Tulving (1985) termed noetic awareness. When a strategy has
been selected and used, the effectiveness of that strategy
can then be evaluated. The awareness (autonoetic awareness) a
person forms from this evaluation of the effectiveness of a
memory strategy refers to memory perceptions.

Memory Perceptions
Memory perceptions (Dixon, 1989) involve being able to
evaluate the products of one’s remembering against the
demands of a memory task. For example, the demands of
remembering ten facts about the Treaty of Waitangi can be
compared against the product, or facts recalled, after using
the method of loci. If one had ten facts to learn, and one
recalled ten facts, then a perception that one had remembered
all of the facts might be formed. If one only recalled two
facts, then the perception may be that one had not remembered
very much. This is what Cavanaugh (1989) described as on-line
awareness of current processing and what Flavell and Wellman
(1977) described as one’s knowledge of probable memory
performance. These perceptions of the current state of one’s
remembering are necessarily a component of any executive
processing (Cavanaugh). Unlike memory Kknowledge memory
perceptions are dynamic, changing as one becomes aware of
one’s level of retrieval. The emphasis in memory perceptions
is on current awareness of the products of one’s past

memorizing.

Memory Beliefs
When time has elapsed between recall of those products of a
memory strategy, memory perceptions themselves become a
memory. So, when a person is then asked to report their
memory of their past recall, one begins to assess memory
beliefs (Dixon, 1989). For example, if one learned a list of
ten facts two Years ago, and you were asked now to report on
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how effective the method of loci was, the report that you
give will be based on your memory of your memory perceptions
two years ago. Consequently, your report of past memory
perceptions will reflect both the actual memory perception
experienced in the past, and the current beliefs (or
awareness of) that past remembering experience.

Epistemic Awareness
Cavanaugh (1989) defined the combined general knowledge of
many past on-line ‘awarenesses’, or what Dixon (1989) called
memory beliefs, as epistemic awareness. Epistemic awareness
"...is [a general] knowledge about one’s own knowledge
base....Epistemic awareness occurs during the retrieval
process, when the judgment about knowledge is made..."
(Cavanaugh, 1989, p.419). One particular type of epistemic
awareness 1is whether memories for past memorizing (e.g.,
memory for memory perceptions) are real or generated
(Cavanaugh). This type of epistemic awareness, which the
present author calls source epistemic awareness, enables one
to decide if the recall of knowledge about past use of memory
strategies 1is accurate, that is, whether it was personally
experienced or.not. The degree of source epistemic awareness
that a person possesses determines the extent that recall of
past on-line awareness 1is affected by present personal
beliefs about memory. For example, if you are asked to recall
how well you recalled a list two years ago, you may only be
vaguely (if at all) aware of the list and of recalling it.
But you believe that the method of 1loci works well, and you
are aware that it has enabled you to recall many other more
complex 1lists. So, you report that your recall of the
particular 1list two years ago was greatly enhanced by the
method of loci. However, when further questioned, you become
aware that you do not really recall the 1level of memory
perceptions you had two years ago, rather that your recall of
that awareness 1is based more probably on your current
positive beliefs about the method of 1loci. It is this
experiencing of the source of one’s knowledge that is
epistemic awareness. Epistemic awareness is invaluable in
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determining how well memory performance is later reported, as
either a veridical report, or the extent that beliefs about
remembering have coloured one’s current recall of the past.

Recall that Dixon (1989) suggested three components of meta-
memory; knowledge, perceptions, and beliefs. It has been
described that the first two of these categories relates to
systemic and on-line awareness respectively (Cavanaugh,
1989). Knowledge and perceptions are present-oriented, that
is, are levels of awareness. Later recall of one’s
perceptions may be confounded by intervening (temporally)
factors, which form beliefs that bias the accuracy of one’s
reporting of past perceptions. Epistemic awareness, again
present-oriented, is a type of meta-memory monitoring that
allows one to assess the degree that self-reports of past
perceptions are veridical, or alternately are affected by
beliefs.

Dixon (1989) thus defines meta-memory as a construct made up
of several theoretically based smaller parts. So when one is
describing or assessing meta-memory, it is crucial to specify
whether it is memory knowledge, memory perceptions, memory
beliefs, or source epistemic awareness that one is talking
about (see also Cavanaugh, 1989; Flavell & Wellman, 1977).

While the description provided by Dixon (1989) and Cavanaugh
(1989) allows the theoretical boundaries of meta-memory in
the current study to be explicated, these boundaries are
devoid of any other empirical support apart from the
introspective data we can all generate. To more clearly
define meta-memory it is important to also examine how meta-

memory is operationally defined.

The Operational Basis of Meta-Memory

Kausler (1991) defines meta-memory as
knowing what one’s own memory system can and cannot
accomplish. Through such knowledge we are able to

assess... how much new episodic information we can
assimilate in a given period of time,...how 1likely



65

previously encoded information is retrievable,... what
memory strategies we have available and how to deploy
those strategies... (p.534).

These three facets of meta-memory are 1labelled off-line
evaluation of memory proficiency, on-line evaluation of
memory proficiency, and the monitoring of memory performances

respectively.

The present dissertation was constructed to be about
examining facets of working memory, one of which is that
working memory has a short duration. Thus in examining one’s
meta-memory for a particular working memory, one is also
examining, at least in the first instance, an awareness of a
momentary phenomena. In Dixon’s (1989) ternms the
corresponding momentary awareness of transient working memory
performance must be a perception of working memory
performance, which after a brief time period and before the
next task becomes a memory belief. Empirically, because these
perceptions, which then form beliefs, occur close and in
response to actual performance, in the present dissertation
one is operationally examining on-line meta-memory. Thus,
only a review of empirical work on on-line meta-memory will

be presented here.

On-line meta-memory evaluation

Oon-line evaluation of memory proficiency examines persons’
ability to either pre- or post-dictively evaluate their
performance on a memory test (Kausler, 1991). Assessment of
this meta-memorial ability has typically consisted of
providing the person with an example of the memory task, then
asking them how many of the stimuli they will recall or
recognize. For example, a person might be told that they are
to be shown 20 items in a free-recall procedure and asked to
estimate how many of those items they would recall after a
single presentation. Their response is termed an on-line
meta-memory pre-estimate. On-line meta-memory pre-estimates
can also be divided into estimates for already learned
material (Feeling-of knowing, FOK), or estimates for as yet
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unknown material (Ease-of-learning judgments; EOL;
Costermans, Lories, & Ansay, 1992; Nelson, Gerler, & Narens,
1984). Because the present dissertation is only concerned
with to-be-learned material, only research examining this

category will be reviewed.

Meta-memory for to-be-learned material

Using on-line pre-estimates, it has been shown that pre-
estimates are generally accurate on free-recall tasks but
that younger persons tend to under-estimate and older persons
tend to over-estimate performance (Bruce, et al., 1982;
Devolder, et al., 1990; Lovelace, 1984; Murphy, et al., 1981;
Rebok & Balcerak, 1989; c.f. Perlmutter, 1978). Pre-estimates
have also been shown to be accurate for intellectual
performance tasks (Lachman & Jelalian, 1984).

There are two important points to notice from the available
literature. First, examination of on-line meta-memory pre-
estimates has usually involved comparisons of accuracy
between groups rather than examination of veridicality within
groups. Second, none of the pre-estimates were of working
memory performance. There 1is thus a clear gap in the
literature regarding meta-memory and working memory. Given
that working memory measures are accorded some imporfance as
an indicator of one’s ability to perform other cognitive
tasks, it is surprising that persons’ ability to monitor
their working memory has not been examined. Thus, the present
dissertation, in developing a fuller description of working
memory performance, considers it proper to also begin to
develop a description of how working memory is monitored.

The final point to consider in using an on-line meta-memory
measure of working memory relates to what theoretical aspect
of meta-memory it is a measure of. Unfortunately, the
theoretical development of meta-memory is not at a point
where one can definitively claim exactly what aspect of meta-
memory is being assessed. In respect of all the above points,
any examination of meta-memory in relation to working memory
must be considered exploratory.
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Assumptions of Meta-Memory Research

As 1in any research, there are always levels at which
knowledge is taken as accepted, the assumptions of the
research. The major assumption made in examining self-report
data has been that persons are capable of accurately
reporting their cognitive state. There are two issues
contained in this statement. First, self-reports must
accurately reflect some internal state. There is evidence
that persons are able to provide accurate data relating to
their cognition and to meta-memory in particular. For
example, Nelson and Narens (1990) review research using
psychophysical principles which shows that meta-memory in
general and ’Feeling-of-knowing’ (FOK) judgments in
particular can be accurately reported by persons. Also,
Leonesio and Nelson (1990) reported that Ease of Learning
(EOL) Jjudgments prior to performance have been able to
predict subsequent performance. Second, irrespective of
whether reporting is accurate, there needs to be some
demonstration that subjective measures do actually reflect
some internal cognitive state or process. Again, there is
some evidence that suggests that it can be safely assumed
that persons are capable of examining their own perceptual
(and cognitive) processes when placed in Signal Detection
paradigms (e.g., Pastore & Scheirer, 1974).

It 1is also necessary to assume that self-reporting of
subjective states be considered data in the sense that other
objective measurements are (Ericsson & Simon, 1980). Also,
even though correspondence between performance and verbal
reports may be low, this in itself can inform the researcher
about the state of persons’ ability to report on their
cognition (e.g., Gilewski, & 2Zelinski, 1986; Herrmann, 1982;
Herrmann, Grubs, Sigmundi, & Grueneich, 1986). As data show
in the area of aging research, where meta-memory estimates
are less than veridical, they are still of use in untangling
hypotheses by comparing them across groups for qualitative
and quantitative changes (e.g., Devolder, et al., 1990;
Lovelace, 1984).
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Finally, in examining the nature of meta-memory one is also
necessarily examining a bi-directional relationship between
performance and monitoring. Nelson and |Narens (1990)
describes this bi-directional relationship as between control
and monitoring processes. That is, meta-memory affects memory
and memory affects meta-memory. Indeed some research suggests
that with the onset of Alzheimer’s Dementia, there is a lower
awareness of memory performance; that is, meta-memory
declines in conjunction with other memory (McGlyn & Kasniak,
1991). Thus, as noted by Dixon (1989), there is an assumption
that there exists a bi-directional relationship between meta-
memory and memory, a point examined in further detail in
Chapter 5 below.

Conclusions

From the above section examining theoretical aspects of meta-
memory, it was concluded that meta-memory involves memory
knowledge, perceptions, beliefs and source epistemic
awareness. The second section examined operationalisation of
on-line memory monitoring measures. The third section of the
present chapter examined the assumptions of meta-memory
research that persons are able to accurately report on their
cognition, that such reporting is useful, and that there
exists a bi-directional relationship between meta-memory and

memory.

The question asked at the beginning of the chapter was
whether persons could monitor their working memory. When the
theory and research bearing on this issue is considered,
there is a clear need for some empirical investigation of the
ability of persons to specifically predict the operation of
working memory, and perhaps even of its components. However,
given the absence of prior research, the present research
into the relationship between working memory and meta-memory
is fundamentally exploratory with only a few guiding
principles.
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CHAPTER 5: A RATIONALE FOR INVESTIGATING THE TWO
MODELS OF VERBAL WORKING MEMORY

At the end of Chapter 4, three dimensions or ways of
measuring working memory were presented. It has been shown
that working memory can be described as a set of structures
or as a set of processes; these descriptions are referred to
as the qualitative/structural and quantitative/process
models, respectively. Also, it has been advanced that working
memory might be able to be described at the level of meta-
memory. However, at this point, it is apparent that very
little overlap at either operational or theoretical 1levels
exists between these dimensions. This 1lack of overlap begs
two questions in relation to verbal information processing:
Are the two models of working memory in fact examining the
same construct? and Can persons monitor their working memory?
Chapter 5 presents the rationale for examining the
relationships between the two models of working memory, and
between working memory and meta-memory.

In Chapters 2 and 3 of the present dissertation, two models
of working memory were presented. The qualitative/structural
model of working memory was discussed in terms of its
components and its operational defining features.
Specifically, the Phonological Loop was shown to be
represented by the phonological similarity and word-length
effects and in relation to the impact of articulatory
suppression. The quantitative/process model of working memory
was defined in Chapter 3 as being composed of operational and
storage components. From the quantitative/process model of
working memory, it was concluded that the dimensions of
content, order, and processing time are important aspects of
working memory. Finally, research with both the
qualitative/structural and quantitative/process models of
working memory has found that the scores obtained on measures
of working memory are predictive of other ’‘higher’ cognitive

processes.
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Before outlining the relationships between the two models of
working memory, a fundamental question that must be addressed
is why the quantitative/process and qualitative/structural
models can be described as two models and not simply as two
components of the same model. The present dissertation argues
that there 1is sufficient scientific strain to require
resolution of the relationship between the models and that
there is sufficient evidence to consider these as separate
models of the same construct. The distinctiveness can be
demonstrated by the |history, literature, application,
simulation and operational definitions of the models.

Historically, both models originated in the work of Baddeley
and Hitch (1974) who proposed that working memory involves
storage and processing. However, the subsequent development
of working memory is acknowledged by some researchers as
being along similar but increasingly diverging 1lines of
inquiry (e.g., Gathercole, 1994; Hasher & 2Zacks, 1988).
Indeed, Baddeley and Hitch (1994) propose that there are
three separate uses of the term working memory at present:
the two uses described herein plus computational models
(e.g., Newell, 1990, cited in Baddeley & Hitch, 1994).

The literature also reflects that these two developments of
working memory can be considered two models. For example,
Just and Carpenter (1992) comment that "The working memory in
our theory corresponds approximately to the part of the
central executive in Baddeley’s theory...The working memory
in our theory does not include modality specific buffers" (p.
187) These statements clearly note that the authors consider
there to be two theories of working memory and that, while
they acknowledge a relationship between the two, they reject
the concept of subsystems, a concept integral to Baddeley’s
(1986) model. Baddeley (1992c) also comments that "While
Carpenter and her colleagues would not adopt the particular
model of working memory just described, they do not deny the
existence of more peripheral systems such as the phonological
loop” (p. 287) Again, here is a clear statement that the
models are distinct. In addition to 1literature implying
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distinctiveness at the levels of theory and models, La Pointe
and Engle (1990) also comment that " ...the simple word span
and the reading span are inherently different..." (p. 1119)
with the implication that task differences reflect some
inherent difference between models. Overall then, the
literature appears to draw distinctions between these two
‘models’ at both theoretical and task levels.

When the ‘real world’ applications of these two models are
examined, there are again clear differences between them. The
quantitative/process model is typically applied to the
measurement of individual differences using psychometric
principles which require establishing links between
constructs such as working memory and reading comprehension
(e.qg., Daneman & Carpenter, 1980). In contrast, the
qualitative/structural model typically is applied in single
case designs in - neuropsychological studies designed to
fractionate components of working memory within an individual
(e.g., Baddeley, et al., 1987).

It is also clear from the simulations of these two models
that there are some particular differences. Burgess and Hitch
(1992) simulated the qualitative/structural model’s ability
to explain the phonological similarity, word length, and
articulatory suppression effects. Their model is not able to
deal with sentential input nor to predict cognitive processes
other than working memory. In contrast, Just and Carpenter
(1992) present a model that is able to relate a working
memory capacity to sentence comprehension and that claims to
simulate sentential working memory capacity.

Finally, how the two models handle verbal information are
prototypically defined by two separate tasks. The model
explicated in Baddeley (1986) has typically been
operationalised using a single stimulus item, usually a
letter or word, when defining verbal working memory. A set of
these letters or words are typically presented briefly to the
'participant who then rapidly recalls them in their correct
order. In contrast, the quantitative/process model has had no
consistent operational definition. The only operational
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certainty is that the task will have an item to recall plus a
task to perform concurrently. It is important to reiterate
here that these tasks are not simply two ways of measuring
the same construct, but are more usually perceived as
inherently different (e.g., La Pointe & Engle, 1990).

In sum, an alternative viewpoint might be that what have been
termed two models here are in fact but two facets of the same
model. This perspective, in the opinion of the author, is
difficult to substantiate however when considering the
differences between the two as evidenced by their history,
the literature about them, how they are applied, how they are
simulated, and how they are operationally defined. It is not
to be taken, however, that the present work claims the two
models are irreconcilably distinct either. Rather, the
present work seeks to clarify the relationship between the
two models with respect to how they each account for storage
of verbal information. It is also important to return to a
point made in the summary of Chapter 2 that the simple task
used here in no manner purports to be a complete
representation of the qualitative/structural model. Thus, one
cannot make conclusions about the qualitative/structural
model in toto based on this task. In contrast, the .complex
span task does appear to completely define the
quantitative/process model of working memory, thus
illustrating a further difficulty in examining how these
models handle verbal information: they are in some respects

different in scope.

To begin the process of clarification, the premise adopted is
that these are two separate models, a premise based on the
available, although at times unclear, evidence. It is thus a
scientifically sensible task to investigate how these two
models account for verbal information in order to begin the
larger examination of how the complete qualitative/structural
model relates to the quantitative/process model or approach.
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Relationships Between the Qualitative/Structural and
Quantitative/Process Models of Working Memory

Theoretically, some consideration has been given as to the
links between the qualitative/structural and
quantitative/process models of working memory. Just and
Carpenter (1992) have recently acknowledged that working
memory must be more clearly defined and that the definition
must in some way relate to Baddeley’s model. In considering
the relationship between the two models, Baddeley (1992b)
described them as complementary with each having strengths

and weaknesses such that

...the psychometric [quantitative/process] correlational
approach has the advantage that it can tackle...the
Central Executive, and can furthermore work directly on
problems of practical significance, such as reading
comprehension or the reasoning tasks used in tests of
intelligence. The weakness of this
[quantitative/process] approach lies in its reliance on
complex working memory tasks that have a somewhat
arbitrary construction and do not readily 1lend
themselves to a more detailed analysis of the component

processes. (pp. 556-557)

That is, it has been acknowledged that the two models of
working memory ought to be related and probably are somehow.
In a clear statement of what the relationship between the two
models might be, Just and Carpenter claim that their research
investigates the Central Executive, and that the Phonological
Loop is not a part of the process that they investigate, a
claim further promulgated by Gathercole and Baddeley (1993)
and Hasher and Zacks (1988).

Yet, when one considers the nature of the tasks used in both
models, it 1is apparent that the tasks used by Just and
Carpenter are visually presented reading tasks that require
concurrent memorization of words (e.g., Daneman & Carpenter,
1980), the same type of tasks that are used to define the
Phonological Loop. And so, while there is some theoretical
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consensus about what the relationship between the
qualitative/structural and quantitative/process models of
working memory is, the basis for this evidence is uncertain.
Speculatively, it appears convenient to suggest that because
the Central Executive is said to be an area of residual
ignorance (Baddeley, 1986) that this is the domain of the
quantitative/process model of working memory. It seems to the
author that it might be just as sensible to speculate that
the Central Executive is concerned with the operation aspect
of the quantitative/process model and that the Phonologicai
Loop is the same as the storage area of the
quantitative/process model. This would imply that both
‘models’ account for storage of visually presented verbal
information in the same way using near identical processes.
This more parsimonious explanation avoids accepting the
presumption that one model uses the Central Executive
primarily to store verbal information and the other uses the
Phonological Loop. That is, one has the option of describing
the two models as simply two separate components (the
received wisdom in the literature) or of demonstrating that
the two models in fact both use the Phonological Loop in a
similar way. So, in summary it would seem that there is a
presumption that the quantitative/process model of working
memory is involved with the Central Executive. However, the
empirical basis of this presumption is uncertain.

Conversely, there has been 1little cognizance in the
literature that there is a need to describe the storage of
verbal information in the qualitative/structural model in
terms of the processes operating in quantitative/process
models or approaches to working memory. This omission is
understandable if one accepts the earlier assertion that the
quantitative/process model is subsumed in the Central
Executive (A.D. Baddeley, personal communication, April 19,
1993; Gathercole & Baddeley, 1993; Hasher & 2Zacks, 1988; Just
. & Carpenter, 1992). However, given that the review in Chapter
2 highlighted that order information is important to the
qualitative/structural model, and that order has been
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suggested as a dimension of the quantitative/process model,
again logic dictates that the relationship between how the
two models store visually presented verbal information be

examined more carefully from both perspectives.

In terms of theory, there appears to have been little serious
attempt to define the relationships between how the
qualitative/structural and quantitative/process models of
working memory store verbal information specifically and
between the models generally, although some researchers are
considering such an attempt (A.D. Baddeley, personal
communication, April 19, 1993). So, at a theoretical level,
presently there is only a very tentative description of the
relationship between the two models of working memory.

There has been not much attempt at an empirical integration
of these two models of working memory either. In the present
context, there has been little attempt to examine how verbal
information is stored in both models. Empirically, the
Present dissertation operationalises the
qualitative/structural model by a verbal simple-span task and
the phonological similarity and word-length effects present
in that task. The quantitative/process model of working
memory is operationally defined by a complex-span task. Thus,
one hypothesis that might be verified if the two models of
working memory store verbal information similarly is that
qualitative effects (phonological similarity and word-length
effects) might be equally present in both simple and complex-
span tasks. Before considering this hypothesis however, there
is an issue with the operational definition of the
qualitative/structural model that needs to be considered.

It is possible to argue that the qualitative/structural model
cannot be totally defined by a verbal simple span task alone.
The model, as described 1in Chapter 2, also contains
visuospatial and central executive components. However, the
operational definition used herein does reflect the model’s
‘ability to account for verbal information, the only type of
information the quantitative/process model accounts for.
Until the relationship between the models regarding verbal
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information is clarified, the main type of information
processed by the quantitative/process model, the present
operational definition is sufficient for the purposes of the
present research which is to investigate how the Phonological
Loop component of the qualitative/structural model relates to
the quantitative/process model.

It could also be argued that, by comparing the phonological
loop system of the qualitative/structural model and the
quantitative/process model which is presumed to be located in
the central executive (as argued above), one is simply
comparing two aspects of the same model. While this argument
ignores the body of research mentioned above which describes
these as two separate models, it is nonetheless a germane
hypothesis. However, if these are simply two parts of the
same model, then one would not expect to find qualitative
effects definitive of one subcomponent of the model (e.g.,
word length, phonological similarity, and articulatory
suppression effects) occurring in another subcomponent.
Should this occur, one would be hard pressed to explain how
the subcomponents can be considered fractionated when
fractionation is predicated on the notion that certain
effects occur in one, but not another, subcomponent. Thus, if
in empirical comparisons of simple and complex-span tasks
effects used to define the phonological loop also occurred in
the task supposedly using the central executive, this
evidence would imply that these tasks are using the same, not
separate components. Thus, in comparing these two similar
tasks, the current wisdom implies that one would be unlikely
to find word-length or phonological similarity effects in the
complex-span task because this task primarily uses the
central executive.To date there appears to be only one study
program that has compared complex-span and simple-span tasks
directly. La Pointe and Engle (1990) conducted a series of
five experiments in which word length was manipulated within
_both complex-span and simple-span tasks. In the complex-span
task of their first experiment, 80 undergraduates were
presented with series of sentences followed by a target word;
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series ranged from two to five words in length. The target
words were either one or three syllables in length, forming
the short and long word-length conditions respectively. The
participants read the sentences aloud, then recalled the
words in any order. The same participants were also presented
with a similar series of words to read and recall; the
simple-span measure. La Pointe and Engle’s second experiment
was exactly the same with the exception that the sentence was
replaced by a mathematical operation in the complex-span
task. In La Pointe and Engle’s first and second experiments,
short words were better recalled than long words, and words
in simple-span tasks were recalled better than words in
complex-span tasks. That is, while recall was higher in a
simple-span task than in a complex-span task, both tasks
produced a word-length effect.

In their third experiment, participants repeated the
procedure for the second experiment except that they also
concurrently engaged in articulatory suppression. In this
third experiment, despite the use of articulatory
suppression, a word-length effect was found. However, there
was no difference in the word-length effect nor in overall
recall as a function of the nature of the task (simple-span,
complex-span). In their fourth and fifth experiments, while
La Pointe and Engle again compared task-types, and again
found word-length effects in both simple-span and complex-
span tasks, they do not report any inferential testing of the
relationship between task-type and the word-length effects
they found.

The point to be taken from La Pointe and Engle’s five
experiments is that word-length effects occur in both simple-
span and complex-span tasks. If, as asserted by those authors
discussed above (Gathercole & Baddeley, 1993; Hasher & 2Zacks,
1988; Just & Carpenter, 1992), the complex-span task assesses
the Central Executive, then, from the results of La Pointe
and Engle, one must explain how a word length effect occurs
in both tasks. Various views exist on this point, including
that the Central Executive utilises the phonological 1loop.
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However, these views all rest on certain assumptions about
the Central Executive and about the complex span task used to
operationalise it. However, rather than explain how word-
length effects might occur in the Central Executive and the
Articulatory Rehearsal Process, La Pointe and Engle concluded
that complex-span tasks do not possess a special relationship
with reading comprehension, relative to simple span tasks.
Instead, their results imply that both simple and complex-
span tasks rely on the same fundamental processes, such as
the Phonological Loop, for assisting in reading

comprehension.

Conclusions

From the data and literature reviewed in the present section,
two things are apparent. First, there has been only minimal
consideration of the relationship between how the
qualitative/structural and quantitative/process models of
working memory account for visually presented verbal
information. However, the presumption in the 1literature is
that the quantitative/process model is concerned with the
Central Executive. 1In contrast, the empirical evidence,
although based on only five experiments from one research
program, suggests that the simple-span and complex-span tasks
as operationalisations of the two models of working memory
demonstrate some commonality. Thus the empirical evidence is
inconsistent with the theoretical notion that the
quantitative/process model is subsumed in the Central
Executive. The empirical data are more consistent with the
quantitative/process model of working memory being related to
the Phonological Loop of the qualitative/structural model.
Given that there is very scant knowledge about the
relationship between both models of working memory, and that
the available empirical evidence (especially La Pointe &
Engle, 1990) is inconsistent with the theoretical
relationship (Gathercole & Baddeley, 1993; Just & Carpenter,
1992), it seens appropriate to directly test the
relationship. In conclusion, due to the apparent conflict
between empirically based and theoretically derived
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conclusions about the relationship between the two working
memory models, there is an imperative to clarify and describe
the relationship between how qualitative/structural and
quantitative/process models of working memory account for
storage of verbal information.

The Relationship Between Meta-Memory and Working Memory

While the nature of working memory has been defined using two
models, I also suggest in this dissertation that working
memory represents a process that persons are ‘aware’ of. That
is, working memory is a cognitive operation that persons can
monitor and report on, a process that has been termed meta-
memory (Flavell & Wellman, 1977). While there is no evidence
bearing directly on the relationship between working memory
and meta-memory, it was shown in Chapter 4 that there exists
an established relationship between meta-memory and other
memory performance. Nonetheless, in examining the
relationship between working memory and meta-memory, it must
be acknowledged that the hypotheses advanced are primarily
speculative.

Having an accurate meta-memory for working memory implies
that, to the extent that self-report is veridical, persons
might be able to report on their working memory. That is,
there may well be a direct relationship between a person’s
working memory and their meta-memory for that process. The
present research tests the hypothesis that persons may be
able to monitor the operation of working memory in a direct
manner by examining their ability to predict the capacity of
their working memory.

Furthermore, given that objective working memory performance
responds to changes in phonological similarity and word-
length, both theoretically defined as indicating operation of
the Phonological Loop‘’s components, the present author chose
to test whether persons could predict those effects. That is,
the present research examined whether, if persons were given
only information about the parameter changes in an upcoming
task, they would be able to predict the impact of those
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changes on recall. Predicting changes in working memory
implies that the pattern of the changes in meta-memory and
working memory would be the same, and that there would be a
predictive relationship between meta-memory and working

memory measures.

In summary, the present dissertation aims to explore the
extent that persons are able to monitor their working memory.
Furthermore, whether meta-memory for working memory is a
general process and whether it, like working memory, responds
to parameter changes will be examined. Only when information
about whether persons have some on-line meta-memory for their
working memory has been gathered can research begin to
address the potential responsivity of working memory to the
information in meta-memory, an issue of bi-directionality
(Nelson & Narens, 1990).

Toward an Integration of Theories and Measurement of Verbal Working
Memory

The first reason for integration of how the differing models
of working memory account for verbal information was to begin
to establish a shared 1language with common meanings in
describing verbal information processing in working' memory.
That is, integration will allow one to answer questions about
whether experimental effects are sui generis to working

memory or not.

Given that integration of verbal working memory definitions
is a valid goal, the second reason for integration is that
testing predictions from one model in a task used to index
another model can lead to new aspects of the integrated model
being discovered or described. That is, integration allows
greater development of working memory models.

This dissertation organizes and integrates some aspects of
how working memory has been both operationalised and
theorized about in terms of verbal information processing.
The literature suggests two organizing dimensions used in the
operationalisation of working memory: the dichotomy between
simple-span and complex-span tasks, and whether assessment is
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subjective (e.qg., self-report) or objective (e.g.,

performance measured in the laboratory).

There are also two distinct ways of describing theoretical
dimensions of working memory: as a quantitative process
consisting of what is remembered (content), the order it is
recalled (order), and the speed at which the process operates
(processing time); and, as a qualitatively defined set of
structures such as the Phonological Store and Articulatory
Rehearsal Process which are inferred from the phonological
similarity, word-length, and articulatory suppression effects
on recall of content. Thus, any integration of the theory and
assessment of working memory must involve a linkage at both
theoretical and operational levels between previously used
aspects of working memory. Specifically, the relationship
between dimensions of task-type (simple-span and complex-
span), method of report (subjective and objective)

quantitative/process aspects (content, order, and processing
time), and qualitative/structural aspects (phonological.
similarity, word-length, and articulatory suppression
effects) must be investigated.

SUMMARY

At this point a brief summary of the problem(s) that this
dissertation addresses is presented. First, there have been
two predominant ways of defining and operationalising how
working memory accounts for verbal information. From the
literature, it was unclear how these two definitions of
working memory related to each other at both theoretical and
operational 1levels. Thus, the first goal of the present
research was to unravel the relationships between how the
qualitative/structural and quantitative/process models of
working memory store visually presented verbal information.
Second, the present research investigates the relationship
between working memory and meta-memory. In doing so, the
present research explicitly tests the idea that persons can
accurately monitor and report on their working memory, a
question that is apparently untested to date. In summary, a
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more complete description, at both theoretical and
operational 1levels, of working memory necessarily involves
comparison of both models and between subjective and
objective measuring methods.
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Experimentation

CHAPTER 6: GENERAL HYPOTHESES AND GENERAL METHOD

Prior to presenting the series of experiments in this
dissertation, a short review will be presented of the general
hypotheses of the present set of experiments. This review is
designed to orient the reader as to the theme of the present
dissertation, namely the integration of research into working
memory. Second, the General Method will then be presented so
that the overall plan in answering the general hypotheses
will be apparent.

GeNerAL HYPOTHESES: THREE DEFINING POSTULATES

The main hypotheses of this dissertation are that: the two
models of working memory are 1in fact examining the same
construct in terms of verbal information storage and that
persons can monitor their working memory. In stating that the
two models refer to the same construct, it is ihportant to
note that ‘construct’ is not a synonym for physical entity.
That is, there is no assumption in this dissertation that
working memory is, or is not, 1localized in any particular
area of the brain. To be sidetracked into conceptualizing
working memory as simply an organic entity or as a structure
is to minimize the importance of addressing the more abstract
notion of how working memory operates as opposed to what it
is.

The next step in developing hypotheses is to present the
implications of stating that the two models of working memory
store verbal information similarly. This will be done in two
stages: at a theoretical level where constructs and factors
of those constructs are discussed; and at an operational
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ljevel where implementations of factors (variables) are

discussed.

Hypotheses at a Theoretical Level

At an abstract 1level, if construct A is equivalent to
construct B, then the factors that make up the set of
construct A must also be in the set of construct B.
Conversely, the factors that make up the set of construct B
must also be in the set of construct A. It is this theorem of
set membership that 1is at the heart of the present
dissertation. From this theorem, the first step in developing
hypotheses is to identify the factors representing the items
in each set.

Defining the factors in the hypotheses

The verbal storage component of the qualitative/structural
model has been traditionally described as a set of cognitive
structures (Figure 1), an issue that Baddeley (personal
communication, April 19, 1993) acknowledges. These structures
have been identified as the Phonological Store and the
Articulatory Rehearsal Process. These structures are inferred
from the phonological similarity and word-length effects plus
the impact that articulatory suppression has on those effects
(Baddeley, 1986, 1992a, 1992b). Thus, it is sensible to refer
to the qualitative/structural model’s primary factors as
being the phonological similarity, word-length, and
articulatory suppression effects. From measurements of these
three factors, inferences about the Phonological Loop as a
whole can be stated in toto and without reference to any

other factors.

The factors of the quantitative/process model of working
memory have been described as the maintenance of content by
working memory (content), the activation of order information
(order), and the time it takes for items to be activated and

~maintained (processing time).

Finally, there have been two parallel research paradigms
examining either working memory or meta-working memory. To



85

avoid confusion, these two factors have been relabelled:
working memory is termed an objective factor; and meta-
working memory is termed a subjective factor. Thus, when the
objective factor of working memory is used, what is being
described is working memory as it is perceived by an external
observer; subjective working memory is working memory as it
is perceived by the person in whom that process resides.

Producing theoretical postulates to integrate working memory factors

In reviewing the previous empirical work examining working
memory, it became apparent that there has been 1little
integration of the factors used to define working memory with
each other. This 1lack of integration has been at both
theoretical and operational levels.

Three guiding postulates will be used in this dissertation to
generate theoretical 1links between factors. The way that
these postulates were generated was from the abstract
mathematical form that if A 1is equivalent to B, then the
members of set A will be in set B and vice versa (see above).
The first postulate in the present dissertation is:

1. If both quantitative/process and
qualitative/structural conceptualizations of working
memory are describing the same construct, then the
qualitative defining factors of the
qualitative/structural model (the phonological
similarity and word-length effects) ought to also be
evident in a quantitatively based model;

That 1is, verbal information storage is hypothesised as
occurring similarly in both models. In operational terms,
Postulate 1 implies that the phonological similarity and
word-length effects used to infer the Phonological Loop
structure (Baddeley, 1986, 1992a, 1992b) would be evident in
typical complex-span tasks involving an operation and recall
component as well as in simple-span tasks (La Pointe & Engle,
1990). Previously, these effects have only been described in
the context of simple-span tasks. It was also investigated
whether, even if these effects are present in both simple and
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complex-span tasks, the magnitude of these effects alters
with the addition of a concurrent operation.

Examining the empirical basis of Postulate 1 1largely
determined the overall structure of the present set of
studies. An outline of this structure and the logic behind it
will now be presented to assist the reader in understanding
the context of the present studies (Figure 3). The tenor of
Postulate 1 suggested that both phonological similarity and
word-length effects may be present in both simple-span and
complex-span tasks. As the phonological similarity and word-
length effects had been demonstrated many times previously in
simple-span tasks, it was decided to first test whether this
effect could be replicated in a complex-span task for the
phonological similarity (Experiment 1) and word-length
(Experiment 2) effects. If only one or neither of the
phonological similarity or word-length effects were
replicated, logic dictates that the same task be re-examined
but without the concurrent operation for the phonological
similarity (Experiment 3) and word-length (Experiment 4)
effects. If these effects were not replicated in a simple-
span task, then an investigation of the conditions necessary
to replicate the phonological similarity (Experiment 5)' and
word-length (Experiment 6) effects would be prudent. Once the
conditions for replication of the phonological similarity and
word-length effects had been established, both simple-span
and complex span tasks could be compared to test whether
phonological similarity and word-length effects were
equivalent in each, and thus directly test Postulate 1
(Experiment 7). It must also be noted the direct comparison
of simple-span and complex-span tasks implicitly requires the
presence of phonological similarity and word-length effects
in both simple-span and complex-span tasks and so repeats the
logical process behind the previous six experiments for

Experiment 7.
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Figure 3. A flowchart showing some aspects of the logic behind the development of the
present studies in relation to Postulate 1.

In the present studies, a second postulate was advanced that:

2. The factors of order and processing time of
process/quantitative models will be useful in
elaborating upon the qualitative/structural model of
working memory, in addition to a measure of content.
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Operationally, Postulate 2 implies that by also using
measures of order and processing time that the phonological
similarity, word-length, and articulatory suppression effects
(and by implication, the Phonological Loop) could be more
exactly described. Typically, content has been the only
aspect directly investigated in most previous research on
working memory. However, close examination of the measures
typically used in studies of working memory indicates that
order is frequently confounded with measures of content
because items must be recalled serially (e.g., Baddeley, et
al., 1975; Baddeley, et al., 1984).

Finally, if working memory can be accurately described by an
external observer, then it is worthwhile examining whether
the same process may also be accurately described by an
internal observer. This produces a third postulate, namely
that:

3. The components and not simply the general process
of working memory are monitorable by both external
and internal observation, thus 1linking subjective
(self-report) and objective (performance) measures of
working memory.

Operationally, Postulate 3 implies that content ineasures of
on-line meta-memory (Kausler, 1991) will mirror content
measures of memory performance in pattern and will share a
relationship with each other. That is, persons were expected
to be able to form accurate pre-estimates of their working
memory, pre-estimates that reflect effects of phonological
similarity, word-length, and articulatory suppression. From
Postulate 3, the questions that were posed are as follows:
(1) can persons pre-estimate qualitative changes, such as the
phonological similarity, word-length, and articulatory
suppression effects, in working memory operation?; and (2)
Can persons form accurate pre-estimates of the magnitude of
their recall? These two questions suggested that one might
predict that the pattern of on-line pre-estimates of meta-
memory would be comparable to the performance measures of
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content and that there would be a relationship between pre-

estimates and performance.

Together, these three sets of general hypotheses from
Postulates 1 to 3 oriented the present research toward a
method of examining the unity, or not, of working memory and
to laying some empirical foundations for investigating the
relationship between working memory and meta-memory. These
general hypotheses will be instantiated in different ways
within each experiment in the present research.

GENERAL METHOD

Participants

Prior to recruiting participants, approval for conducting the
present research was obtained from the Massey University
Human Ethics Committee (HEC 93/24). All participants were
students ranging in age from 16-48 years old. One benefit of
using a relatively homogeneous student sample was that some
comparison of data across experiments could be performed
without explicitly using measures of education level as a
covariate. Also, using student samples helped ensure that all
participants were relatively familiar with using a computer,
thus avoiding a confound of computer literacy (Jéy & Willis,
1992; Salisbury, 1990). The experimenter further ensured
computer literacy in the sample by asking each person, prior
to the experiment, about their computing experience, with the
result that all participants reported that they could use a
computer adequately. One disadvantage of using a student
sample was that the absolute levels of performance may have
been artificially high with such a well educated sample.
However, as the purpose of the present series of experiments
was to compare effects within-groups and not to establish
normative data, this disadvantage was not seen as precluding
use of a student sample.

"No remuneration or other incentives were offered to

participants in Experiments 1 to 4. For Experiments 5 and 6,
participants were paid $5 for their participation. For
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Experiment 7, participants were either given the option of
either $5 or 2% course credit for their participation. The
honorarium was made possible through Massey University
Graduate Research Fund Grant A93/G/058 and the course credit
through Dr. Julie Bunnell.

Apparatus

The'experiments were conducted in a well 1lit and quiet room
with only the participant present for the experimental trials
proper.

All of the experimental trials were presented on an Excel
IBM-clone personal computer with a low resolution cga screen.
Timing of reaction times was facilitated by use of a Turbo
Pascal (©° Borland) 5.0 *.tpu unit called ‘Optimer’ which
calibrates timing procedure calls to the clock speed of the
PC’s cpu. The Optimer unit has an accuracy of 1 x 10~3 to 1 x
106 s. Typically PC accuracy is in the order of 2 x 10~2 s.

The software used to present and record the experiments was
written by the author using Turbo Pascal 5.0 programming
language. User-written programming was advantageous in that
it allowed careful analysis of the implementation of the

experimental procedure into computer code.

Stimuli

Target stimuli were in all instances English (UK) words.
Stimuli selection and use will be now described in terms of
the classes of stimuli used, pool sampling methods, sentence
construction methods, and initial stimuli selection.

Stimuli class
There were four classes of stimuli used over the seven
experiments in this dissertation: phonologically similar
words (Experiments 1, 3, 5, & 7); 2-syllable words
(Experiments 2 and 4); 3-syllable words (Experiments 6 & 7);
and a control condition of 1-syllable and phonologically
dissimilar words (Experiments 1 to 7; Table 5).
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Table 5. A summary of the experimental conditions used in the present dissertation. Conditions
vary across phonological similarity, word-length, articulatory suppression, task-type, pool-type,.

and pacing.

Experiment

1 2 3 4 5 6 7
Phonological similarity v z v z = E Z
Word-length * - v - v - v v
Articulatory suppression v v v v v v .
Task-type C C S S S S v
Stimulus pooltype - SO . . v } )
Presentation pace - - : . . v )

“C = stimuli were part of a complex-span task
S = stimuli were part of a simple-span task
*The word length condition compared 1 and 2 syllable words in Experiments 2 and 4, and
compared 1 and 3 syllable words in Experiments 6 and 7.

Pool sampling methods
Stimuli (word) lists were of two types in the present series
of experiments. The first type, termed throughout as non-
replacement stimuli, were words drawn randomly and without
replacement from a larger word pool. The second type, termed
fixed-pool stimuli were selected with replacement from a
small pool of ten words. Fixed-pool stimuli were randomly
formed into trial groups of six items with the condition that
no item was repeated in a single trial. Where fixed-pool
stimuli were used, the frequency that each target word
occurred was approximately equal. Non-replacement stimuli
were used in Experiments 1, 2, 3, 4, and 6. Non-replacement
and fixed-pool stimuli were used in Experiment 5. Fixed-pool
stimuli only were used in Experiment 7 (Table 5). 1In
Experiment 7 in which only sampling with replacement from a
fixed pool was used, target words were randomly selected for
each trial with two constraints: no words were repeated
within any one trial; and each participant received the same
set of randomly ordered items (a constant random seed) but
with those sets counterbalanced across the four blocks of
trials.

Sentence construction
Sentences with target words at the end were used in
Experiments 1, 2, and 7 (Table 5). The addition of the
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sentence verification task changed the simple-span to a

complex-span task.

The sentences used in the complex-span condition in
Experiments 1 and 2 were constructed using a subject-
predicate form. Target words were always the final word in
the sentence (Appendix 1, Table A.1). For example, the
stimulus presented to the participant might be A cat can be
blue where blue is the target word to be recalled later. The
sentences in the complex-span condition in Experiment 7 were
constructed using six lexically-based statement forms with a
target word at the end (e.g., The letter x is in the word *).
The lexical task consisted of six sentence forms repeated
over each trial in random order (Appendix 1, Table A.6).

For Experiments 1, 2, and 7, the sentences were correct for
half the items and incorrect for half the items in each
trial. In all instances, sentences were presented in a random
order, but with each person receiving the same random order.

Stimuli selection

Stimuli (words) were initially selected from Elley’s (1975)
word frequency norms. These norms are New Zealand based, and
equate nouns for their frequency of usage on a nine point
scale. In the phonological similarity and control conditions
for Experiments 1 and 2, all words were monosyllabic. The
word 1list of 36 phonologically similar words used in
Experiments 1 and 2 had a mean frequency of 5.08 (SD = 2.27),
and the 36 phonologically dissimilar control words had a mean
frequency of 5.00 (SD = 0) based on Elley’s norms. The 72
target words in Experiments 2 and 4, varying in word-length,
had a mean frequency of 5.00 (SD = 0; Appendix 1, Table A.1l).

For the fixed pool in Experiment 5, the phonologically
similar sounding 1-syllable words were constructed from a
list used by Brooks and Watkins (1990) and the phonologically
dissimilar (control) words were taken from stimuli used in

.Experiments 1 and 3 (Appendix 1, Table A.2). For the non-

replacement pool in Experiment 5., three sets of
phonologically similar words were constructed from Elley’s
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word norms with three further sets being constructed from
1ists used by Brooks and Watkins (Appendix 1, Table A.3).

The 72 1l-syllable and 72 3-syllable words for Experiment 6
were constructed from Elley’s (1975) word norms. The 1-
syllable and 3-syllable words all had a mean frequency of
5.00 (SD = 0: Appendix 1, Table A.4).

Finally, the control and 3-syllable words in Experiment 7
were constructed from Elley’s (1975) word norms with a mean
frequency of 5.00 (SD = 0). The phonologically similar words
were constructed from a list by Brookes and Watkins (1990);
this was the same list of phonologically similar words as was
used in Experiment 5 (Appendix 1, Table A.5).

Equating word frequency across all experiments in the present
series helped ensure that some stimuli were not better
recalled than others simply because they were more familiar
to the person. In addition, Elley’s (1975) norms were used in
preference to the older Kucera and Francis (1967) norms for
two reasons. First, Elley’s norms were developed in 1975 from
words specifically used in New Zealand. Second, the age of
the persons in the study indicated that they were the same
cohort for whom the norms were developed. The ages of the
persons the norms were developed for ranged from 5 to 15 and
up in 1975. The norms were developed from frequency counts of
New Zealand school reading journals used in 1975. Thus those
person would now be in the age range of 25 to 35. Given that
the age of participants in the present experiments was
between 16 and 48, the participants are obviously within the
cohort for whom the norms were initially developed.

Design

The basic design of Experiments 1 to 7 was to present
participants with a task that varied across conditions of
word-type, task-type, and articulatory suppression; these
were all within-persons conditions where they were used. Only
in Experiments 5 and 6 were there any between-subjects
conditions. These were pool sampling method (Experiment 5)

and stimulus presentation pace (Experiment 6).
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wWord-type

In each of Experiments 1 to 7, trials were presented to
participants in two word conditions: a control condition of
1-syllable dissimilar words (e.g., sock, trick, sale,...) and
an experimental condition. For Experiments 1, 3, and 5, the
experimental condition used phonologically similar words
(e.g., bug, rug, hug,...). For Experiments 2 and 4 the
experimental condition involved 2-syllable words (e.qg.,
contest, garage, hobby,...). For Experiment 6, the
experimental condition involved 3-syllable words (e.g.,
basketball, settlement, chocolate,...). Finally, for
Experiment 7, there were two experimental conditions:
phonologically similar words and 3-syllable words (Table 5).

Task-type

There were two possible task-types in Experiments 1 to 7. The
first task-type was the simple-span task which involved
presentation of a word alone. The second task-type was the
complex-span task which involved presentation of a word as
part of a sentence that had to be verified as correct or
muddled. A complex-span task was used in Experiments 1 and 2.
A simple-span task was used in Experiments 3, 4, 5, and 6.
Experiment 7 directly compared simple-span with complex-span
tasks and so used both task-types within subjects (Table 5).

Articulatory suppression

In Experiments 1 to 6, participants were required to perform
half of the experimental trials while performing an
articulatory suppression task. Articulatory suppression
consisted of repeatedly articulating the digits 1 to 8 in
numerical order, at the rate of one digit per second. The
articulatory suppression task was implemented to prevent sub-
vocalization of items (Murray, 1967, 1968, Murray et al.,
1988) and to block the operation of the Articulatory

Rehearsal Process. Baddeley, et al. (1984) had also found

that articulatory suppression was most effective when used
not only during the reading of the stimuli, but during recall
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also. Consequently, the present studies used articulatory

suppression during both stimuli presentation and recall

phases (Table 5) .

Procedure

Each experiment consisted of a series of general steps. Upon
arrival, each person was greeted and provided with both an
jnformation sheet (Appendix 3) and an informed consent sheet
(Appendix 4). Each participant was able to ask any general
questions about the design at this point.

Next, each participant was seated at the computer that was to
present the stimuli. The computer prompted each participant
for some basic demographic information (name, participant
identification number, age, and gender). This time also
served to allow participants to familiarize themselves with
the operation of the computer.

Following the gathering of demographic information, each
person was presented with an interactive series of computer
screens with step-by-step instructions on the upcoming task.

Following the description of the task, each participant was
then given four practice trials of the actual task. These
trials allowed each person to familiarize themselvés with the
task and to begin to form some expectations of their
performance. No feedback about their performance on the
practice trials was ever given so as to avoid confounding the
pre- or post-estimates they made of their performance.

Single trial procedure

Prior to each trial, each person was asked to enter a pre-
estimate (from O to 6) of how many words they thought they
would recall in any serial position. These data were used to
calculate the pre-estimate variable representing meta-memory

monitoring.
Each trial consisted of presentation of a series of six

stimuli consecutively. The trial size of six stimuli was
determined from a review of the literature and from some
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pilot testing as being optimal in avoiding either ceiling or
floor effects for a highly educated sample. Stimuli were
either a word alone, or a word at the end of, and part of, a
sentence. For example, participants would see either the word
horse or a sentence such as A cat can ride a horse. Where
sentences were presented for verification, in all instances
there were three that were to be verified as correct and
three as muddled. The order of the sentences was randomly
allocated to the trial. '

When the word was presented alone, the person had only to
read (silently) the word and then press the space-bar to view
the next word. When a word was presented at the end of a
sentence, the person had to read the sentence (silently) then
verify whether the sentence was correct (by pressing the ‘C’
key) or muddled (by pressing the ‘M’ key). A 100 ms interval
was provided between the pressing of the response key and
onset of the next item. A word presented alone was defined as
a simple-span task, a word at the end of a sentence was
defined as a complex-span task. In all instances, the time
that the person viewed each stimulus was recorded by the
computer to 1 millisecond of accuracy. The only departure
from this general procedure was for Experiment 6 in which one
group of persons were presented with stimulus items at a
fixed pace of one item per second. All reaction time data
were used to calculate the viewing and verification time

measures of processing time.

After the participant had viewed the six stimuli, the
computer emitted a tone to indicate that there were no more
stimuli to be presented. Immediately after the tone, a screen
was presented asking each person to write all of the words
that they recalled onto a sheet of paper. The person was
requested to write as many of the words as they could in the
correct serial position. The response sheet was constructed
so that there were six horizontally arranged squares labelled
from 1 to 6 to indicate serial position. If the person could
not recall the serial position of the item but could recall
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e
what the 1
of the item.

tem was they were instructed to guess the position

For Experiments 1 to 4, there was no time limit on how long

the
the person had 20 seconds and for Experiment 7, the person

person had to recall stimuli. For Experiments 5 and 6,

had 15 seconds to recall all the items they could remember.
To equate writing time within subjects, each person was
instructed to write only the first four letters of each iten.

Presentation order of word-type, task-type, and articulatory suppression

Each person who completed Experiments 1 to 6 was presented
with the same order of experimental blocks. There were a
total of 12 trials per session in Experiments 1 and 3. The
first six trials were —conducted without articulatory
suppression (the control condition), and the last six trials
with articulatory suppression. Within each set of six trials,
phonologically similar words were used for the first three
trials and phonologically dissimilar words were used for the
last three trials. There were also 12 trials per session in
Experiments 2 and 4. Again, the first six trials were
conducted without articulatory suppression (the control
condition), and the 1last six trials with articulatory
suppression. Within each set of six trials, monosyllabic
words were used for the first three trials and two-syllable
words were used for the last three trials.

This procedure was repeated over two sessions for Experiments
1 and 2 and one session each for Experiments 3 and 4. The two
sessions of Experiments 1 and 2 were separated by a two week
interval. Thus Experiments 1 and 2 presented 24 trials across
the four conditions whereas Experiments 3 and 4 presented a
total 12 trials across the four conditions. Experiments 5 and
6 had the same order of trial presentation as Experiments 1
and 2, respectively, except that trials 13 to 24 were
presented immediately after trials 1 to 12 in Experiments 5
and 6.
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Summary of the general procedure

The general procedure of Experiments 1 to 7 can be summarized

as follows: . ) _
1. Arrival and completion of informed consent.

2. Gathering of demographic information.

3. Explanation of the experimental procedure.

4. Presentation of practice trials.

5. Presentation of experimental trials:
5.1 Measurement of the person’ pre-estimate.
5.2 Presentation of six words, one at a time.
5.3 Prompt to recall the target words.
5.4 Post-estimate of recall (Experiments 5 to
7 only).
5.5 Inter-trial break of 100 ms.

6. Measurement of the person’s reading rate for each

word-type.

Dependent variables

The dependent variables for all experiments in the present
series were the same. There were five classes of dependent
variables: a meta-memory score, two content scores, an order
score, a processing time score, and an articulation rate

score.

Meta-memory
Meta-memory was calculated as the mean number of items a
person predicted that they would recall. This was termed an
on-line pre-estimate of their performance. Pre-estimates were

taken prior to the trial.

Content
From the number of items recalled in the correct serial
position in which they were presented a mean score of recall
in the correct serial position was calculated. From the total
number of items recalled, without regard for which serial
position they were presented in, a mean recall in any serial
position score was calculated for each condition.

Following the recall phase for Experiments 5 to 7, a prompt
appeared asking the person to estimate how many items they
had recalled in the correct position. This post-estimate of
recall was implemented to examine if persons were guessing
many items in the correct serial position. If post-estimates
were significantly lower than recall in the correct serial
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position, this would indicate that serial position was being

guessed correctly often.

Together, recall in any serial position, recall in the
correct serial position, and post-estimates of recall in the
correct serial position were used to operationalise the
content factor of working memory.

Order
Experiments 1, 2 and 7 used a variant of the Reading Span
task as described by Daneman and Carpenter (1980). The
complex-span task used in the present studies differed from
that used by Daneman and Carpenter in that the present
version presented a fixed-length 1list of six items to each
person, a length chosen to be higher than a typical span. The
reason a fixed list-length was used in the present studies
was to enable calculation of the number of order errors.
Calculation of order errors can only be done when recall in
the correct serial position and recall in any serial position
scores are available. Order errors were calculated as the
difference between recall in any serial position and recall
in the correct serial position. The mean number of order
errors was used to represent the order factor of working

memory for each person.

Processing time
For each trial, the time between presentation of the target
item and when the person either (a) verified the sentence .in
the complex-span task, or (b) pressed the space-bar for the
next item in the simple-span task, was recorded to 1
millisecond accuracy. These times were averaged for each
condition for each participant and were termed the viewing

time score.

Articulation rate: 8 measure of the Articulstory Rehearsal Process
For Experiments 5 to 7, a measure was taken of how rapidly
the person could read the target words aloud. At the end of
the experimental trials, a list of all the words used in each
word-type condition was presented. The person initiated the
list by pressing the space-bar. The person then had to read
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the words aloud as rapidly as possible. At the end of the
1ist, the space-bar was re-pressed, stopping the timer. For
each list a reading time was measured to 1 millisecond
accuracy. The reading times were used to calculate mean
articulation rate for each word-type condition.

Analysis

All of the data in the present dissertation were analyzed
using SPSS PC+, Version 3.0. In all a priori statistical’
tests the MANOVA procedure was used and the independent
variables of task-type, word-type, and articulatory
suppression were declared as within-subjects factors using
the /WSFACTORS command. Where mixed designs of between-
subjects and within-subjects independent variables were used,
inferential data are reported as averaged tests of

significance.

In all instances for Experiments 1 to 6, a priori testing
consisted of an examination of wunivariate main effects
followed by examination of interaction terms. Where between
subjects factors were used (Experiments 5 and 6; pooltype and
pacing, respectively), the main and interaction effects
reported are averaged tests of significance. For: Experiment
7, @ priori testing involved separate tests of the one
control group against the phonologically similar or word
length conditions. Otherwise, testing did not differ from the
regimen for the previous six experiments; In all of the
experiments the F-distribution was used to provide estimates
of the probability levels associated with the F and error

ternms.

Post hoc testing in all of the present experiments consisted
of paired t-tests without corrections for significance when

comparing individual cells.

Finally, regression analyses were simple regressions with
only a single variable entered against the dependent
variable. Where variables have been transformed, this is

indicated.
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The decision level for all inferential statistics was at p <
.05 in keeping with psychological conventions (Keppel, 1982).
In the dissertation itself, exact significance levels are
reported irrespective of whether & priori or post-hoc
inferential testing was performed. The benefit of reporting
exact significance 1levels 1is that the reader has the
opportunity of applying whatever corrections to the decision
level that her or she chooses.
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CHAPTER 7: EXPERIMENTS 1 & 2: AN INITIAL EXAMINATION
OF QUANTITATIVE/PROCESS, QUALITATIVE/STRUCTURAL,
AND SUBJECTIVE/OBJECTIVE FACTORS IN A COMPLEX-SPAN
TASK

The first two experiments in this dissertation were an
initial test of Postulates 1 to 3. The aim of Experiments 1
and 2 was to examine whether the defining effects of the
qualitative/structural model could be replicated in a
complex-span task; to explore the utility of assessing
dimensions of content, order, and processing time; and to
examine the ability of persons to predict their own working

memory operation.

The complex-span task used in the present dissertation was a
variant of the Reading Span task (Daneman & Carpenter, 1980,
1983). Baddeley (1990) has suggested that the Reading Span
task probably involves w...strategy selection, the
phonological loop, and a knowledge of vocabulary as well as
the capacity to co-ordinate these various aspects of memory”
(p.138). In short, the Reading Span task may involve both the
Phonological Loop and the Central Executive. In previous
studies of the Phonological Loop, both word-length and
phonological similarity effects have been found in subsequent
recall of words or letters (Baddeley, et al., 1984; Baddeley,
et al., 1975; Conrad & Hull, 1964; Vallar & Baddeley, 1984).
If, as suggested by Baddeley, the Reading Span task involves
the Phonological Loop, then it would be reasonable to expect
both the phonological similarity and word-length effects to
be present in subsequent recall of words presented in the

present variant of the Reading Span task.

Second, the first two experiments examined whether it is
useful to utilize measures of content, order and processing
time when studying working memory. Salthouse has shown, in
his consjideration of aging issues, fhat it is cqpogptug}ly
helpful to examine working memory as a set of dimensions or
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-
factors (e.g., Salthouse, 1985, 1988a, 1988b, 1988c, 1990,
1991a, 1991b, 1992, 1993a, 1993b). Conceptualizing working
memory as a set of dimensions allows an extension of more
traditional research designs in which measures of what was
recalled have been used, to also include measures of order of
recall and of the temporal limitations of working memory.
That is, in the present study, working memory was
conceptualized as having content, order, and processing time
dimensions. Multi-dimensional constructions of working memory
allow questions to be asked about the operation of working
memory as well as questions about the capacity and/or content

of working memory.

Previously, only in the areas of applied cognition has a
multi-dimensional working memory been examined in terms of
content, order, or processing time. For example, Daneman and
Carpenter (1980) examined working memory in relation to
reading, Salthouse and colleagues have examined working
memory in terms of differential changes with age (e.g.,
Salthouse, 1993a, 1993b; Salthouse & Babcock, 1991;
Salthouse, et al., 1991). What this dissertation does is
examine working memory and its dimensions with reference to
theory about working memory instead of theory about the
relationship of working memory to some other applied area.
The benefit of focussing solely on working memory is that the
present research is not distracted into reifying working
memory into a construct that explains a second construct
without first defining exactly what working memory is. In
summary, Experiments 1 and 2 both examined areas of content,
order, and processing time to help provide some empirical
evidence in support of a multi-dimensional construction of
working memory, as described by Postulate 2 (p. 88).

Persons’ ability to predict the operation of their own
working memory was also examined in these first two
"experiments. Examining the ability of persons to predict the
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operation of their own working memory Wwas largely
investigatory in these first two experiments.

In addition, Experiments 1 and 2 in the present dissertation
examined the reliability of performance in the complex-span
task by testing participants on two occasions separated by an
interval of two weeks (Anastasi, 1982). If working memory
scores represent a relatively stable cognitive process, then
poth scores and changes in scores over time can be inferred
to indicate both the state of and changes in working memory.

Having outlined the broad goals of Experiments 1 and 2,
largely investigatory goals, it is now appropriate to
operationalise those goals in terms of the phonological
similarity (Experiment 1) and the word-length effects
(Experiment 2).

ExPeERIMENT 1: AN INITIAL TEST OF THE PHONOLOGICAL SIMILARITY EFFECT IN A
CompPLEX-SPAN TASK

Experiment 1 examined whether the phonological similarity
effect could be replicated in a complex-span task; whether
content, order, and processing time measures of phonological
similarity contributed differential information; and whether
performance was stable over time.

Postulate 1: The phonological similarity effect in a complex-span task

Experiment 1 investigated the hypothesis derived from
Postulate 1 (p. 85) that the phonological similarity effect
would be present in a complex-span task. The phonological
similarity effect is when fewer words that sound similar are
recalled in the correct serial position than words that are
either semantically similar or that are phonologically
dissimilar (Baddeley, 1966a, 1966b; Conrad & Hull, 1964;
Kintsch & Bushke, 1969). The phonological similarity effect
occurs for both'auditorily and visually presented words and
letters (e.g., Baddeley, et al., 1984). However, when
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articulatory suppression is invoked, auditorily presented
words show the phonological similarity effect but visually
presented words do not. Visually presented words, it has been
suggested, must be transformed by the Articulatory Rehearsal
process before entering the Phonological Store (Baddeley,
1986, 1992a, 1992b). When the Articulatory Rehearsal Process
is blocked by articulatory suppression, it has been concluded
that Visually presented words are prevented from being
encoded into the Phonological Store (Richardson, et al.,
1980; Salame & Baddeley, 1982). Hence, the phonological
similarity effect disappears. The selective effect of
articulatory suppression on visually presented words has been
proposed as due to auditorily presented words having
obligatory access to the Phonological Store, whereas visually

presented words do not.

The present variant of the Reading Span task used visual
presentation for all words. If the present complex-span task
involves the phonological loop, then phonological similarity
effects should be observed when articulatory suppression was
not used. In order to replicate previous demonstrations of
the phonological similarity effect (Baddeley, 1966a, 1966b;
Conrad & Hull, 1964), three hypotheses were posited for

Experiment 1:

1.1 There would be greater recall of phonologically
dissimilar than similar items;

1.2 There would be lower recall of all items when the
person is using articulatory suppression; and that

1.3 There would be no phonological similarity effect
with concurrent articulatory suppression.
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Postulate 2: Differentiation of the phonological similarity effect using measures
of order and processing time

In addition to investigating how phonological similarity
affected recall of words in their correct serial position
(content measures), the present experiment also extended
previous investigations by specifically addressing the
changes in order errors and stimulus viewing times as a
function of word-type and articulatory suppression, as

suggested by Postulate 2 (p. 88).

Order errors
One goal of Experiment 1 was to determine whether recall in
any serial position provided parallel information to the
estimate of recall in the correct serial position, or whether
the effect of order contributed some additional information
about working memory in general and the phonological
similarity effect in particular. If phonological similarity
effects were found to be linked to order errors, then it
could be suggested that the Phonological Store is where order
information is maintained. Alternately, if order errors were
found to vary as a function of articulatory suppression, then
it could be advanced that the Articulatory Rehearéal Process
also codes the order of those words. If order errors were
independent of articulatory suppression effects, then it
could be concluded that the Articulatory Rehearsal Process
maintains word content but not order information. Order
errors were measured by comparing recall of words in any
serial position with recall of words in the correct serial

position.

Processing time
Processing time assesses the mean time spent viewing and
verifying each stimulus. While it is impossible to know
exactly what else occurs during viewing time, it would seem
reasonable to assume that at least three things occur. First,
the person must read and comprehend the sentence. Second, the
person must decide whether the sentence is correct or muddled
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and respond accordingly. And third, the person must attempt
to preserve a trace of the target (final) word in the
sentence. Thus, any change in mean viewing time might
represent a change in one or more of these processes. It
seems unlikely that viewing times will change because of a
change in reading speed, or that verification speed will be
affected by the word-type <condition. This 1leaves the
rehearsal time for each word as the only factor to change the
viewing times. So, in Experiment 1, if similar words are less
well remembered than dissimilar words, this may be solely due
to less time spent rehearsing those words. This would be
confirmed by shorter verification times for phonologically
similar than dissimilar items. 1If, however, recall is
different for similar and dissimilar words but viewing times
are equivalent, then the data used by Baddeley to infer a
Phonological Store will have been replicated here (Baddeley,

1986, 1992a, 1992b).

In contrast, articulatory suppression may interrupt all three
processes operating at input by forcing some form of time-
sharing of the reading, sentence verification, and rehearsal
aspects with digit articulation. Consequently, it might be
expected that with articulatory suppression there would be
longer viewing times than without articulatory suppression.
If viewing times are not increased by articulatory
suppression, one could suggest that the Articulatory
Rehearsal Process operates independently of the input

processes.

Operationally, Postulate 2 implied that by using measures of
order (order errors), and processing time (verification and
viewing time) ' for each target, that the phonological
similarity and articulatory suppression effects, and by
implication, the Phonological Loop, could- be more exactly
described than by using a combined measure of content and
order alone. There were no specific hypotheses that could be
derived for Postulate 2 from the literature. Thus Experiment
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1 represented an original investigation of the separate
aspects of content, order and processing time in relation to

the phonological similarity effect.

Postulate 3: Prediction of the phonological similarity effect through monitoring
of working memory

From Postulate 3 (p. 88) it was also suggested that persons
might be able to predict their own performance as a function
of both phonological similarity and of articulatory
suppression. If the main and interaction effects of word-type
and articulatory suppression were able to be accurately
predicted in either relative or in absolute terms, then there
would be some basis for speculating that the phonological
similarity effect might be able to be monitored.

Operationally, Postulate 3 implied that content measures of
on-line meta-memory (Kausler, 1991) would mirror content
measures of memory performance in direction and additionally
demonstrate some shared variability with performance
measures. Again, it could not be hypothesized whether persons
would be able to predict the phonological similarity or
articulatory suppression effects as no previous work had been
published on this question.

Method

Participants

Fourteen female participants aged 19 - 42 (Mean = 25.3 years;
SD = 6.2) and 7 male participants aged 19 - 28 (Mean = 22.9;
SD = 3.6) completed Experiment 1, a total of 21 participants
in all. Participants were recruited from undergraduate

psychology classes.
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Design

Experiment 1 was a three-way factorial design, with all
factors varied within subjects. The first factor was word-
type (phonologically similar or phonologically dissimilar),
the second factor was articulatory suppression (control or
present), and the third factor was sentence type (correct or
muddled). Experiment 1 was conducted in two sessions
separated by an interval of two weeks. The dependent
variables were as detailed in the General Method section (p.
99).

Procedure

The general procedure followed the format described in the
General Method section (p. 95).

Results

Prior to presenting the results of Experiment 1, the issues
of score reliability across sessions and the sensitivity and
bias of persons to the sentence verification task will be
presented. Next, measures of content, order, processing time,
and on-line meta-memory will be presented. The results
generally failed to show a phonological similarity effect.
The utility of measures of content, order, and processing
time in defining working memory appeared to be high. Finally,
on-line meta-memory accuracy was related to performance.
Thus, the following results supported Postulates 2 and 3 (p.
88), but only partially supported Postulate 1 (p. 85).

Reliability, sensitivity, and bias

Prior to making any inferences about the complex-span task as
a measure of working memory, it is necessary to demonstrate
that scores on the complex-span task remain stable over time
and that there are no practice effects over that interva),
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Stability over time was calculated using the Pearson product-
moment correlation coefficient. Table 6 shows the correlation
coefficients for each dependent variable as a function of
articulatory suppression (control or present) and word-type
(phonologically similar or phonologically dissimilar)
conditions. For recall in the correct serial position, there
were significant correlations across the two week interval
for both word-type conditions in the control (articulatory
suppression absent) condition but not in the articulatory
suppression condition. Recall in any serial position showed
significant correlations only for phonologically dissimilar
words over the two week interval. Finally, although the
verification time and pre-estimate measures were both without
two participants’ data for the second session (reducing the
sample size from N = 21 to N = 19) both those dependent
variables showed moderate to strong correlation coefficients
over the two week interval. In conclusion, recall in the
correct serial position and recall in any serial position
showed some test-retest reliability for some conditions. In
contrast, measures of verification time and pre-estimates of
recall both showed moderate to high test-retest reliability.
From these data, there is some evidence that measures of
working memory remain stable over short time periods, even
with small sample sizes and only three trials per session.

Furthermore, on the dependent variables of recall in the
correct serial position, recall in any serial position, order
errors, verification time, and pre-estimates, there were no
main effects between sessions when tested with the MANOVA
design*. That 1is, there were no practice effects across
sessions of any theoretical importance. Consequently, the

1Thore were only two interactions between session and any of the other variables; there was a session by suppression
by word-type interaction (F(1,37) = 5.21, p <.05, MSe = 0.69) and a session x verification x word-type x
suppression interaction (F(1,37) = 8.56, p < .01, MSe = 1.04) for recall in any serial position. As removing the
effect of session did not aiter any of the conclusions made from the analysis of recall in any serial position, these two
interactions are viewed as simply being statistical aberrations with no relevance to the points being made in this
dissertation.
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data for both sessions were collapsed across sessions using
the AGGREGATE command in SPSS.PC+. Aggregation of data across
sessions had the added advantage of making each person’s
score for each condition out of 6 trials, instead of out of
three trials for each session. In summary, data from the
present complex-span task showed some stability over time.

Table 6. A summary of the two week test-retest reliability of the complex-span task for
phonologically similar and dissimilar words with and without articulatory suppression in
Experiment 1. Test-retest reliability was calculated using the Pearson product-moment

coefficient.

Recall in the correct Recall in any serial Verification  Pre-estimates <

serial position"| position“| time "2
Control
Similar .55** .30 .67°¢° .67 **
Dissimilar .64°° .48°* .62°° .78 ***
Articulatory suppression
Similar .22 .40 .83¢%¢° .65 **
Dissimilar .33 .44° .86*** .74 ***
*p< .05 **p < .01, "**"p < .001.
*1N =21
*2N = 18

It could also be argued that how accurately participants

responded to the sentence verification task and whether they

were more or less likely to respond correct or muddled might
have confounded the other dependent variables. The propensity
of persons to respond accurately and to respond equally as
frequently that a sentence was correct or muddled are issues
of sensitivity and bias respectively. However, a signal
detection analysis of participants’ sensitivity and bias
showed that, in Experiment 1, participants had very high
sensitivity and responded without any bias (Appendix 2; Table
A.7). That is, participants were able to correctly detect
whether a sentence was correct or muddled and to respond

without bias.
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Measures of Content

There were two operationally defined measures of content in
the present study: recall in the correct serial position and
recall in any serial position. Although it could be argued
that recall in the correct serial position is inherently
confounded with order, its use is conventional in studies of
working memory. Because one aim of Experiment 1 was
replication of previous findings, use of the ordered recall

measure was necessary.

Recall in the correct serial position
For recall of words in the correct serial position (Figure 4)
there was no phonological similarity -effect. 1In fact,
phonologically similar words were better recalled than
phonologically dissimilar words overall, F(1,20) = 5.65, p =
.028, MSE = .22. Thus Hypothesis 1.1 was not accepted.

3 - —2/x— Similar
( _ —@— Dissimilar

2 4 ‘
Mean number of
words recafied 16 +

08 +
0 —f } t } {
Control Suppressad Control Suppressed
Correct Muddied
Verification Condition

Figure 4. Recall in the correct serial position by phonological similarity, articulatory suppression,
and verification conditions for Experiment 1.
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As predicted by Hypothesis 1.2, articulatory suppression
reduced the level of target word recall overall, F(1,20) =
64.61, p < .001, MSE = .19. Whether words were verified as
correct or muddled also affected recall, F(1,20) = 18.54, p <
.001, MSE = .15, such that words in sentences verified as
muddled were better recalled in all but the phonologically
similar and suppressed trials than words in sentences
verified as correct (Table 7).

Because there was no phonological similarity effect, no
comment as to an interaction predicted by Hypothesis 1.3
between word-type and articulatory suppression was able to be

made.

The effect of verifying & sentence on recall in the correct serial position

There was a significant sentence verification x word-type x
articulatory suppression condition interaction, F(1,20) =
8.40, p = .009, MSE = .11. While the interaction is of no
particular importance to the hypotheses in .the present
research, it is worthwhile to explore the effect of verifying
a sentence as correct or muddled, if only as a manipulation
check. Consequently, the nature of this three-way interaction
will be explored below by considering the correct and muddled
verification conditions separately.

In the correct verification condition, articulatory
suppression lowered overall recall, F(1,20) = 22.65, p <
.001, MSE = .22. There was also higher recall of
phonologically similar than dissimilar words, F(1,20) =
12.35, p = .002, MSE = .11. There was no interaction between
articulatory suppression and word-type. Paired t-tests were
used to compare individual conditions across word-type. There
was a difference in word-type with articulatory suppression,
t(20) = 4.34, p < .001, two-tailed, but there was no word-
type difference without articulatory suppression (Figure 4).

In the muddled verification condition, articulatory
suppression again lowered overall recall, F(1,20) = 74.46, p
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< .001. MSE = .10. Unlike the correct condition, there was
equivalent recall of phonologically similar and dissimilar
words for the muddled verification condition. Again, there
was ho interaction between articulatory suppression and word-
type. Paired t-tests were again used to compare individual
conditions across word-type. There were no differences in
recall across word-type for either suppression condition

(Figure 4).

In conclusion, the three-way interaction was due to the
strong difference between word-types that only occurred in
the correct verification with articulatory suppression cell.
As stated before, it is unclear what, if any, theoretical
importance this result has for the present research.

Recall in any serial position

For recall in any serial position, the results were
essentially replications of the results of recall in the
correct serial position (Figure 5). There was lower recall of
phonologically dissimilar than phonologically similar words,
F(1,20) = 120.76, p < .001, MSE = .12, contravening
Hypothesis 1.1. There was lower recall in the articulatory
suppression condition than in the control conditidn, F(1,20)
= 120.76, p < .001, MSE = .12, confirming Hypothesis 1.2.

There was no interaction between word-type and articulatory
suppression. Finally, there were no main effects of
verification condition. Because there were no main effects of
the verification condition and because the interactions
between verification and the other conditions add no
information to the theme of this dissertation, they will not

be reported here.
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Figure 5. Recall in any serial position by phonological similarity, articulatory suppression, and
verification conditions for Experiment 1.

Summary of the results for content

To summarise, on both dependent variables of content,
phonologically similar words were better recalled than
phonologically dissimilar words. This is the opposite to what
was predicted by Hypothesis 1.1. Consequently, there was no
phonological similarity effect in Experiment 1. The
unexpected better recall of phonologically similar than
dissimilar words will be discussed in more depth in the
Discussion section of Experiment 1.

As predicted, articulatory suppression lowered the overall
recall of words irrespective of which measure of content was
used. Thus Hypothesis 1.2, which was based on the premise
that articulatory suppression would impair the Articulatory
Rehearsal Process responsible for maintaining content in' the
Phonological Loop, was supported.

" Without a phonological similarity effect, there can obviously
be no comment made about whether articulatory suppression
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removes the phonological similarity effect. Thus, the status
of Hypothesis 1.3 must remain as indeterminable from
Experiment 1, and it is unclear what effect, if any,
articulatory suppression in a complex-span task might have on
the phonological similarity effect.

Table 7. Mean (SD) recall of phonologically similar or phonologically dissimilar words either in the

correct serial position or in any serial position for both the control and articulatory suppression
conditions in Experiment 1. Note that recall is out of three for either correct or muddied verification
conditions and out of 8 for the total verification and pre-estimates columns (N = 21).

Recall in the correct serial position Recall in any serial position
Correct Muddled Total Correct Muddled Total

Control
Similar 1.92 (0.62) 2.29 (0.47) 4.21 (1.00) 2.56 (0.32) 2.71 (0.29) 5.28 (0.48)

Dissimilar 1.80 (0.80) 2.03 (0.67) 3.83(1.23) 2.06 (0.47) 2.26 (0.53) 4.32 (0.89)
Articulatory suppression

Similar 1.56 (0.50) 1.54 (0.52) 3.10(0.86) 2.21(0.39) 1.78 (0.53) 3.98 (0.70)

Dissimilar 1.18 (0.58) 1.62 (0.60) 2.80 (1.09) 1.50 (0.44) 1.81(0.48) 3.31 (0.83)

Finally, a manipulation check was performed on whether the
operation of the phonological similarity and articulatory
suppression effects differed depending on whether the
sentences in the complex-span task were correct or muddled.
There was no reason from these analyses to expect that the
operation of either of these effects would be different
depending on whether the sentence was correct or muddled, and

no differences were observed.

The effect of order

The effect of order was calculated as the number of words
recalled in any serial position minus the number of words
recalled in their correct serial position (Table 8). While
this is not a perfect measure of the number of order errors,
it is a very strict definition which allows no subjective
judgment of whether an order error occurred or not.

There was no practice effect evident from the first to the
second session, so data were aggregated from both sessions as
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was done for the content measures. There were more order
errors for phonologically similar than dissimilar words,
F(1,20) = 51.89, p < .001, MSE = .05. Articulatory
suppression had no effect on the number of order errors, and
‘there was no interaction between word-type and articulatory
suppression.

Table 8. Mean (SD) order errors for phonologically similar or phonologically dissimilar words for

both control and articulatory suppression conditions in Experiment 1. Order errors are out of 3 for
the correct and muddled conditions, and out of 6 overall (N = 21).

Mean order errors (SD)

Correct Muddled Total
Control
Similar 0.64 (0.53) 0.42 (0.42) 1.06 (0.76)
Dissimilar 0.25 (0.35) 0.23 (0.26) 0.48 (0.51)
Articulatory suppression
Similar 0.64 (0.25) 0.24 (0.36) 0.88 (0.43)
Dissimilar 0.32 (0.36) 0.19 (0.30) 0.51 (0.51)

The effect of verifying 8 sentence on order errors

Sentences verified as correct had more order errors than
those verified as muddled, F(1,20) = 10.11, p = .005, MSE =
.16. There was also a verification x word-type interaction,
F(1,20) = 8.78, p = .008, MSE = .07. This interaction was due
to there being more order errors for phonologically similar
than dissimilar items in the correct verification condition,
F(1,20) = 65.22, p < .001, MSE = .04, but not in the muddled
condition.

Summeary of the results for order
To summarize, the effect of requiring words to be recalled in
the correct serial position was to lower recall relative to
recall in any serial position, indicating that recalling
items in order requires extra resources of some type. Because
articulatory suppression did not influence the number of
order errors, it can also be tentatively suggested that it is
not the Articulatory Rehearsal Process that stores word order

information. Furthermore, it also appeared that the order of
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phonologically similar words was less easily recalled than
phonologically dissimilar words, suggesting that word
similarity is linked in some way with the storage of order
information.

It was also found that sentence verification processes were
related to storage of word order information because of the
greater effect of correct verifications on order than of
muddled verifications. It 1is unclear if there is any
theoretical significance to this finding other than the need
to have equal correct and muddled verifications in each trial

or block of a research design.

Processing time: The impact of verification and viewing time on recall

The present research found that sentences ending in
phonologically similar words were verified more slowly than
sentences ending in dissimilar words, F(1,20) = 17.67, p <
.001, MSE = 140,594. These are the same words for which
recall was better, raising the possibility that the more time
spent verifying a sentence, the greater the'subsequent recall
of the final word. The correct condition was slightly slower
(68 ms) in mean verification time when compared with the
muddled condition, F(1,20) = 5.20, p = .034, MSE = 38,060
(Table 9). Finally, an interaction between articulatory
suppression and verification conditions was found, F(1,20) =
11.87, p = .003, MSE = 168,051, such that in the muddled
condition articulatory suppression significantly reduced time
spent verifying the sentences, F(1,20) = 8.39, p = .009, MSE
= 125,587, but had little effect in the correct verification
condition (Table 9).

The main result of Experiment 1 in relation to viewing time
of each stimulus was that more time was spent viewing and
verifying sentences containing phonologically similar than
dissimilar words. However, when viewing and verification time
was regressed against recall in the correct serial position,

there was no causal relationship between the two variables.
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That is, there is no basis from the present data to assert
that viewing and verification time predicts recall.

Table 9. Mean (SD) verification times (ms) for phonologically similar and phonologically dissimilar
words for both the control and articulatory suppression conditions in Experiment 1 (N = 21).

Verification times (ms)

Correct Muddled Mean
Control
Similar 2976 (1049) 3170 (1119) 3073 (1057)
Dissimilar 2826 ( 791) 2931 (1063) 2878 ( 904)
Articulatory suppression
Similar 3127 (1178) 2836 (1117) 2981 (1160)
Dissimilar 2831 (1113) 2548 ( 875) 2690 ( 978)

On-line meta-memory: Pre-estimates of recall in any serial position.

Pre-estimates were obtained for how many words each person
thought that they would recall in any serial position prior
to each trial. Table 10 shows that pre-estimates of recall
were lower for phonologically dissimilar ' than for
phonologically similar words, F(1,20) = 5.69, p = .027, MSE =
i 5 F Also, pre-estimates were 1lower when articulatory
suppression was used, F(1,20) = 123.97, p < .001, MSE = .11,
than when it was not. There was also a word-type x
articulatory suppression interaction, F(1,20) = 10.04, p =
.005, MSE = .05. This interaction was due to lower pre-
estimates for phonologically dissimilar than similar words in
the articulatory suppression condition, F(1,20) = 9.13, p
=.007, MSE = .13), but not in the control condition. Thus,
people were able to predict the effect of articulatory
suppression in lowering their recall, but not the effect of
varying the phonological similarity of the words.

In addition to being able to predict the pattern of their
performance, the second criterion was that there would be a
significant predictive relationship between pre-estimates and
recall in any serial position. In the control condition, both
phonologically similar, RZ = .22, F(1,19) = 5.42, MSresidual
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0.19, and phonologically dissimilar, R2 = .33, F(1,19)
0.56, pre-estimates showed a significant

9.28, MSresidual
predictive relationship to the relevant performance measure

at p < .05. In the articulatory suppression condition,
neither phonologically similar nor phonologically dissimilar
pre-estimates were statistically related to their counterpart
performance measures.

Table 10. Mean (SD) pre-estimates of recall in ahy serial position for phonologically similar and

phonologically dissimilar words for both the control and articulatory suppression conditions in
Experiment 1 (N = 21).

Pre-estimates of recall in any serial position

Control
Similar 4.14 (.64)
Dissimilar 4.13 (.70)
Articulatory suppression
Similar 3.51(.82)
Dissimilar 3.18 (.75)

Despite the absence of a phonological similarity effect,
persons were able to predict the effect of articulatory
suppression and that phonological similarity correctly
resulted in lower recall of phonologically dissimilar items
in the articulatory suppression condition. Furthermore, for
the control condition at 1least, there was a predictive
relationship of pre-estimates to later recall. So, although
one cannot address whether persons can or cannot predict a
phonological similarity effect, because one was not present,
there was some evidence from Experiment 1 that persons might
be able to differentially predict working memory performance
using only their ©perception of a change in item

characteristics.

Discussion

Prior to considering the results of Experiment 1 as they
"impact on the three postulates being advanced in this
dissertation, some discussion of the between-session
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constancy, the sensitivity and bias of persons on the
verification task, and the effect on the main dependent
variables of verifying a sentence as either correct or
muddled will be presented. The discussion will then review
the results of Experiment 1 and their implications for

postulates 1 to 3.

Session constancy: An issue of task reliability

In Experiment 1, the data from Sessions 1 and 2 were
sufficiently similar in form that they could be aggregated
together. That the data could be aggregated also illustrates
that the scores on the-present complex-span task are stable
over a two-week period of time. Anastasi (1982) refers to
this as test-retest reliability. Stability over time is
important because working memory is tacitly assumed to be a
stable cognitive process. Thus, a score at Time 1 should be
similar at Time 2 if the general conditions of the task are
the same. In summary, Experiment 1 empirically supports the
assumption that working memory is a stable cognitive process
and replicates the work of Tirre and Penna (1992) who also
found a complex-span task to be reliable over time.

Sentence verification: Sensitivity and bias issues
Another important feature of Experiment 1 was that it was not
assumed that persons were all equally able to verify the
sentences correctly, nor that persons were unbiased in

pressing the correct or muddled keys.

The d’ measure of sensitivity (MacMillan & Creelman, 1991)
was used to indicate the degree to which persons were able to
correctly verify sentences. While a description of Signal
Detection Theory is not appropriate here, there are some
excellent applications of this procedure to tasks similar to
the one described here (e.g., Grier, 1971; MacMillan &
Creelman, 1991; Pastore & Scheirer, 1974). In Experiment 1
~all measures of sensitivity demonstrated an extremely high
ability of persons to correctly discriminate between correct

and muddled sentences.
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Rather than counterbalancing the key allocation to correct
(C) or muddled (M) to remove any bias, Experiment 1 used the
c-measure of bias (MacMillan & Creelman, 1991, to explicitly
determine if persons were biased to differentially respond
that a sentence was correct or muddled. The data clearly show
that persons were unbiased as to which key they pressed. This
lack of bias implies that persons responded on the basis of
the task demands rather than other, unspecified, cognitive

processes involved in choice behaviour.

In summary, Experiment 1 provides empirical evidence for
assuming that the complex-span task was free of response bias
and that the sentences were discriminable in terms of their

veridicality.

Verifying sentences: The effect of how a sentence was verified on other dependent

variables
Although the verification task was discriminable and bias
free, whether a sentence was correct or muddled did alter the
magnitude of the dependent variables used in Experiment 1.
Measures of content were slightly lower, but measures of
order and processing time were higher for correct, than for
muddled items. While these results may be of interest in
other contexts (e.g., studies of comprehension), without
replication it is unclear what, if any, significance these
results have for any of the three postulates relating to

working memory.

The implications of Experiment 1 for the three postulates

Experiment 1 represented an initial foray into linking the
quantitative/process and qualitative/structural models of
working memory. The hope for Experiment 1 was that there
would be a phonological similarity effect present that could
be demonstrated in the context of a complex-span task.
'However, not only was there no phonological similarity
effect, but persons quite unexpectedly recalled more
phonologically similar than dissimilar words. Despite the
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lack of a phonological similarity effect, Experiment 1 has
nonetheless provided some useful insight into the operation
of working memory. These insights will now be discussed
separately in the contexts of Postulates 1 to 3.

Postulate 1: Demonstrating the phonological similarity effect in 8 complex-span

task
As stated above, the most disappointing aspect of Experiment
1 was that there was no phonological similarity effect.
Consequently, there is no evidence to support an assertion
that the phonological similarity effect can be expected to
also be apparent in complex-span tasks such as those used by
Daneman and Carpenter (1980, 1983). It is unclear from
Experiment 1 alone why the phonological similarity effect was
not replicated. The most obvious explanation for this failure
to replicate is that there is something about concurrent
verification of sentences that disrupts or prevents the
phonological similarity effect. This explanation is tested in

Experiment 3.

It is also important to consider why persons recalled more
phonologically similar than dissimilar words. One explanation
may be that persons used a rule-based reconstruction strategy
in recalling words. For example, if the word cat was
remembered, then a person might be able to reconstruct the
other items from knowledge that they ended in -at. However,
such a reconstruction strategy would be unlikely to allow
retrieval of information about presentation order.
Consequently, it would be expected that there would be more
order errors for phonologically similar than dissimilar

words, as was found.

Although no phonological similarity effect was found,
articulatory suppression did lower the magnitude of content
measures in Experiment 1. This lowering of content measures
by articulatory suppression is consistent with the proposal
that articulatory suppression disrupts or prevents the
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Articulatory Rehearsal Process (Baddeley, 1981, 1986, 1992a,
1992b; Baddeley, et al., 1984; Baddeley, et al., 1975).

In conclusion, the effect of articulatory suppression
suggests that the Articulatory Rehearsal Process does operate
in tasks based on a quantitative/process model of working
memory (Postulate 1, p. 85). However, the absence of the
phonological similarity effect precludes any statement about
the operation of the Phonological Store in the context of a

quantitative/process model of working memory.

Postulste 2: Measures of order and processing time in differentially defining
working memory
Measuring order as order errors has proven to be useful in
Experiment 1. The intriguing part of the data in Experiment 1
is that the 1loss of order information was 1larger for

phonologically similar than dissimilar items.

The loss of order information in Experiment 1 may indicate
that the more similar words are phonologically, the more
confusing the order those words were presented in becomes.
Also, this loss of order information occurred even in the
absence of a phonological similarity effect. The effect of
phonological similarity on order errors could indicate that
item order is preserved in Baddeley'’s (1986, 1992a, 1992b)
Phonological Store. Alternately, a greater number of order
errors for phonologically similar than dissimilar words may
have occurred because similar items were recalled via
reconstruction without order information, as described above.
However, even if item order were guessed, guessing accuracy
would not be expected to differ across the phonological
similarity conditions. That 1is, the proportion of order
errors (out of the total number of words recalled in any
serial position) ought not to be different between
phonologically similar and dissimilar items. In Experiment 1,
. the proportion of order errors out of recall in any serial
position for phonologically similar words (Mean = 0.22, SD =
0.12) was higher than the proportion for phonologically
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dissimilar words (Mean = 0.15, SD = 0.15; this difference was
significant, ¢(20) = 3.55, p = .004, one-tailed. The
significantly higher proportion of order errors in the
phonologically similar condition suggests that the difference
in absolute order errors across word-type is not due to
simply more phonologically similar words being guessed than
dissimilar words. It is more likely that order errors are
directly related in some way to the phonological similarity

of words and not to chance.

An illustration may help clarify this point. Suppose that a
person recalled 5 phonologically similar items and 4
phonologically dissimilar items. The person guessed the
position of 10% of the items and was incorrect on every
guess. So, the person would have obtained .5 order errors for
similar and .4 order errors for dissimilar items. While the
absolute number of order errors was higher for similar than
for dissimilar items, the proportion of order errors out of
the total recall was the same. This was not the case for
Experiment 1. In Experiment 1, the proportion of order errors
for phonologically similar words was higher than the
proportion for phonologically dissimilar items.

In contrast, articulatory suppression had no effect on order
information. The use of articulatory suppression is presumed
to block the Articulatory Rehearsal Process (Baddeley, 1986,
1992a, 1992b; Baddeley, et al., 1975). This in turn suggests
that perhaps preservation of item order information is
separate from the operation of the Articulatory Rehearsal
Process.

Processing time appears to increase when items are
phonologically similar. Although increased time was spent on
phonologically similar compared to dissimilar items at input,
there was no predictiveness of recall by viewing and
verification time.
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Finally, the effect of whether a word was in a correct or
puddled sentence also affected the score on other dependent
variables. However, rather than presenting a treatise on the
meaning of these findings here, I shall discuss them at the
end of Experiment 2 when an opportunity to examine the

replicability of the results has been taken.

Postulate 3: Monitoring working memory

Using the criteria that there must be a similar pattern and
a relationship between on-line meta-memory and working memory
performance, results from Experiment 1 tentatively confirm
that persons can respond to parameter changes by altering the
levels of their on-line meta-memory estimates. That is,
persons were able to demonstrate some ability to predict and,
by inference, monitor their working memory. However, the
performance data did not show a phonological similarity
effect. Thus, while Experiment 1 has shown that the potential
for persons to monitor their working memory exists, nothing
can be directly concluded about the relationship between
meta-memory and the Phonological Store of working memory
(Postulate 3, p. 88) except what was already known: that
persons are able to generally predict their recall (e.g.,
Bruce, et al., 1982; DeVolder, et al., 1990; Hasselhorn, &
Hager, 1989; Hultsch, Hertzog, Dixon, & Davidson, 1988;
Leonesio & Nelson, 1990; Lovelace, 1984).

Summary
While it  was disappointing not to demonstrate the
phonological similarity effect in the quantitative/process
model of working memory, thus supporting Postulate 1,
Experiment 1 has produced some important results. First,
there is some evidence of the Articulatory Rehearsal Process
operating in both models of working memory. Second, measuring
order and processing time in addition to content in working
memory appears to be useful (Postulate 2). Third, persons
demonstrated quite accurate ability in monitoring their

general working memory processes (Postulate 3).
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1In conclusion, Experiment 1 has begun to provide an empirical
pase upon which to build upon. Specifically, hypotheses about
order effects and meta-memory can be refined for Experiment

2.

EXPERIMENT 2: THE WORD-LENGTH EFFECT IN A COMPLEX-SPAN TASK

Like Experiment 1, Experiment 2 investigated three Postulates
whose confirmation was necessary to begin to integrate two
predominant ways of theorizing about working memory. Thus,
Experiment 2 sought to examine if the word-length effect used
to define the Articulatory Rehearsal Process of the
qualitative/structural model was relevant to describing the
quantitative/process model; if aspects of content, order, and
processing time used in the quantitative/process model could
differentiate aspects of the word-length effect more clearly;
and if persons could monitor the operation of working memory
sufficiently to predict the word-length and articulatory
suppression effects. Experiment 2 represented a parallel
study to Experiment 1. Where Experiment 1 investigated the
phonological similarity effect, Experiment 2 investigated the
word-length effect. Together, Experiments 1 and 2 aimed to
generate data bearing on the operation of the Phonological
Store and Articulatory Rehearsal Process respectively in a

complex-span task.

Postulate 1: The word-length effect in a complex-span task

Experiment 2 investigated the word-length effect as an effect
that Postulate 1 (p. 85) suggests might occur in both simple-
span and complex-span tasks. The word-length effect of the
Articulatory Rehearsal Process has been assumed to occur
because, as word length increases, words take longer to sub-
vocally rehearse in real time (assuming that rehearsal rate
is constant). Because it takes longer to rehearse a long than
a short word, more long than short words have been assumed to

decay below a recall threshold before they can be rehearsed.
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consequently, fewer long than short words are likely to be
recalled in serial order (Baddeley, et al., 1975). Empirical
studies have found the word-length effect to be a reliable
effect, having been replicated in one study of a complex-span
task (La Pointe & Engle, 1990) and cross-culturally several
times (e.g., Ellis & Hennelly, 1980; Hoosain & Salili, 1988;
Naveh-Benjamin & Ayres, 1986). Articulatory suppression, a
robust procedure that prevents the operation of the
Articulatory Rehearsal Process (Baddeley, 1986, 1992a,
1992b), typically removes any word-length effect irrespective
of Whether words are presented visually or auditorily
(Baddeley, et al., 1975; Baddeley, et al., 1984; La Pointe &
Engle, 1990). It has been assumed that because the
Articulatory Rehearsal Process is prevented when a person is
(sub)vocally rehearsing, words are not rehearsed by the
Articulatory Rehearsal Process. Consequently, recall of words
in their correct order is unaffected by word 1length
(Wickelgren, 1965). Of course, this begs the question of how -
any words can be recalled when the Articulatory Rehearsal
Process is inoperative. Baddeley (1986) has suggested that
some storage of words occurs in the Central Executive in
addition to in the Phonological Store and that temporary LTM
activation may Dbe involved (A.D. Baddeley, personal
communication, April 19, 1993). However, while appealing,
this explanation has not yet been shown to be empirically

accurate.

A potential problem with the Baddeley, et al. (1975) studies
is that 1longer words were also words less frequently used
and, by Elley’s (1975) argument, 1less meaningful. Elley’s
word norms for concrete nouns were used to compare frequency
between Baddeley, et al.’s long and short words. Of the eight
target words in Baddeley, et al.’s first experiment that were
concrete nouns, short nouns were more frequent (Mean = 5.8,
SD = 3.03, N = 5) than long nouns (Mean = 8.17, SD = 0.75, N
= 6). The difference in word frequency was of an extent to
cause concerns about the confounding influence of frequency
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and meaningfulness (Elley) on the word-length effect.
However, in their third experiment, Baddeley, et al. did
match short (in terms of articulatory time) and long groups
of di-syllabic words for frequency. The results of their
third experiment were that increasing word length, defined as
time to articulate words in either the short or long groups,
resulted in lower recall. It might be cautiously concluded
that the word-length effect is robust enough to remain after
any differences due to the frequency or meaningfulness of the
target words are factored out. In the present study, however,
word frequency (Elley, 1975) was equated across 1long and
short words and across phonologically similar and dissimilar
words to be on the safe side.

postulate 1 (p. 85) implied that the word-length and
articulatory suppression effects used to infer the
Articulatory Rehearsal Process (Baddeley, 1986, 1992a, 1992b)
would be evident in typical complex-span tasks involving an
operation and recall component. This implication led to three

hypotheses for Experiment 2:

1.1 There would be greater recall of one-syllable
than of two-syllable words;

1.2 There would be lower recall of all words when the
person was using articulatory suppression; and

1.3 There would be no word-length effect with
concurrent articulatory suppression.

Together, support for Hypotheses 1.1, 1.2, and 1.3 would
provide a replication of the data Baddeley, et al. (1975)
originally used to infer the structure of the Articulatory
Rehearsal Process. Demonstration of the presence of the
Articulatory Rehearsal Process 1in Experiment 2 would
represent an extension of Baddeley’s model as it would be
occurring in a complex-span task.
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Finally, there was a tentative hypothesis based on the
results from Experiment 1 about how the veridicality of a

sentence might affect a measure of content.

1.4 Measures of content would be lower when sentences
were verified as correct than when muddled.

Postulate 2: Differentiation of the word-length effect using measures of order
and processing time

The rationale for investigating the utility of measures of
order and processing time in Experiment 2 do not differ
substantially from the rationale presented in Experiment 1
(p- 106). However, it is worth repeating the rationale as it
is critical to understanding the implications for Postulate 2

(p. 88).

Regarding order information, the intention was to determine
whether order errors contributed additional information about
working memory in general and the word-length effect in
particular. If word-length or articulatory suppression
effects are found to be linked to order errors, then it could
be suggested that the Articulatory Rehearsal Process is also
involved in storage and rehearsal. This is perhaps unlikely
as analysis of Experiment 1 showed that phonological
similarity affected order errors, but not articulatory
suppression, the process used to partly define the
Articulatory Rehearsal Process. It is expected then, from
Experiment 1, that neither the word-length nor articulatory
suppression conditions will show any differences in order
errors. This is because they both define the Articulatory
Rehearsal Process which was apparently unaffected on the
measure of order in Experiment 1. Failure of the word-length
effect to demonstrate differential order errors across
conditions would indicate that order information is not
.rehearsed nor operated upon by the Articulatory Rehearsal
Process. This in turn would provide additional evidence for
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the suggestion from Experiment 1 that order information is
preserved in the Phonological Store in some way.

As in Experiment 1, processing time in Experiment 2 was the
time spent viewing and verifying each stimulus. In Experiment
1, there was no difference in viewing and verification times
petween items with and without articulatory suppression. If
articulatory suppression blocked rehearsal processes in
Experiment 1, then the absence of change in viewing and
verification times suggested that viewing time was
independent of the Articulatory Rehearsal Process. So, for
Experiment 2, the premise that viewing and verification time
represents a change in the rehearsal time for each word was
retracted. Instead, it was hypothesized that viewing and
verification time was independent of the Articulatory
Rehearsal Process. This hypothesis is supported by Cowan and
others (Avons, et al., 1994; Caplan, et al., 1992; Caplan &
Waters, 1994; Coltheart, et al., 1990; Cowan, 1992; Cowan, et
al., 1992; Henry, 1991; Monsell, 1987; c.f., Baddeley &
Andrade, 1994) who have suggested that the word-length effect
may be an effect of output processes rather than input

(rehearsal) processes.

In summary, to provide data sufficient to draw a conclusion
about the utility of using order and processing time in
addition to content dimensions, Experiment 2 continued
investigating the effect of order errors and of viewing and
verification times on the word-length and articulatory

suppression effects.

Operationally, Postulate 2 implied that by using measures of
content (recall in any serial position), order (order
errors), and processing time (mean viewing and verification
time for each target) that the Articulatory Rehearsal Process
could be more exactly described. The specific hypotheses that

.could be derived for Postulate 2 were as follows:
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2.1 There would be no effects of word-length on order

errors.

2.2 There would be no effects of articulatory

suppression on order errors.

Hypotheses 2.1 and 2.2 support an independence of the
Articulatory Rehearsal Process from the preservation and
recall of order information. Finally, based on the evidence
from Experiment 1 and from other research it was hypothesized
that if input and Articulatory Rehearsal Processes are

separate that:

2.3 There would be no difference in viewing and
verification time as a function of articulatory

suppression.

Finally, as with Experiment 1, it was also argued that there
might be some interaction between measures of content, order,
and processing time with whether a sentence is verified as
correct or muddled. For the data from Experiment 1 to be
replicated, correct verifications would produce lower scores
on the content measures than muddled verifications, and
correct verifications would produce higher scores on measures

of order and processing than muddled verifications.

Postulate 3: Prediction of the word-length effect through monitoring of
working memory

The final aim of Experiment 2 was to examine whether persons
were able to predict their own performance as a function both
of word-length and of articulatory suppression. In fact, data
from Experiment 1 indicated that persons were able to predict
that articulatory suppression would lower recall.

Operationally, Postulate 3 (p. 88) implied that content
measures of on-line meta-memory (Kausler, 1991) would mirror
content measures of memory performance in both pattern and
relationship. Again, while it could not be hypothesized
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whether persons would be able to predict the word-length
effect, it was predicted in Experiment 2 that:

3.1 Persons would be able to predict the effect of
articulatory suppression on the pattern of recall in
any serial position.

Summary

Experiment 2 aimed to take a group of results used to define
part of the Phonological Loop, the Articulatory Rehearsal
Process, and to examine whether those results also occurred
in a complex-span task. Experiment 2 also examined whether
dimensions of content, order, and processing time were useful
in differentiating aspects of the word-length effect.
Finally, Experiment 2 examined whether persons were able to
monitor their task performance in terms of recall. Thes:
three aims empirically tested Postulates 1 to 3 respectively,
and paralleled the aims of Experiment 1.

Method

Participants

Fourteen female participants aged 19 - 42 (Mean = 25.3 years;
SD = 6.2) and 7 male participants aged 19 - 28 (Mean = 22.9;
SD = 3.6) completed Experiment 2. The particip&nts in
Experiment 2 were the same participants as for Experiment 1.

Design

Experiment 2 was a three-way factorial design, with all
factors varied within subjects. The first factor was word-
type (1-syllable, 2-syllable), the second factor was
articulatory suppression (absent or present), and the third
factor was sentence type (correct or muddled). Experiment 2

‘'was conducted in two sessions separated by an interval of two
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weeks. The dependent variables were as detailed in the

general Method section (p. 99).

Procedure

The procedure for Experiment 2 followed that described in the
General Method section (p. 95) and in Experiment 1 (p. 109).

Results

Reliability

As with Experiment 1, stability over time in Experiment 2 was
calculated using the Pearson product-moment correlation
coefficient. Table 11 shows the correlation coefficients for
each dependent variable as a function of articulatory
suppression (control, present) and word-type (1l-syllable, 2-
syllable) conditions. For all the dependent variables of
recall in the correct serial position, recall in any serial
position, verification time, and pre-estimates, test-retest
reliability over the two week interval was moderate to high
in all conditions. From these data, it can be concluded that
measures of working memory remain stable over short time
periods, even with small sample sizes and only three trials

per session.

The data for both sessions in Experiment 2 were also compared
across all of the dependent variables using a MANOVA. None of
the dependent variables showed any statistical differences
for the main effect of session across the two-week interval.
Nor were there any interactions between session and any of
the other dependent variables. As none of the dependent
variables showed an effect of practice over the two-week
period, the data were again aggregated. All further reports
and analyses of data are thus based on aggregated data.
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Table 11. A summary of the two week test-retest reliability of the complex-span task for 1 and

2-syllable words with and without articulatory suppression in Experiment 2. Test-retest
reliabilities were moderate to high in all conditions and were calculated using the Pearson

product-moment coefficient.

e Recall in the correct Recall in any serial Verification times < Pre-estimates <
serial position"I position °
Control
1-syllable .59°¢ .51° .80*°** 73
2-syllable .52¢ .55°** .86°**°* 72
Articulatory suppression
1-syllable .53° .53° .78%¢* 4 i
2-syllable .82*** .61°° 93*** .80°°**
*p < 05,p <.01,p < .001.
*1N. = 21
*2N =18

Finally, in Experiment 2, an analysis of persons’ sensitivity
and bias in responding to the sentence verification task was
again performed. In Experiment 2, participants had very high
sensitivity and responded without any bias (Appendix 2; Table
A.8). That is, participants were able to correctly detect
whether a sentence was correct or muddled and to respond

without bias.

Content Measures: Recall in the correct serial position and recall in any serial

position.

As with Experiment 1, Experiment 2 used two measures of
content: recall in the correct serial position and recall in

any serial position.

Recall in the correct serial position
Hypothesis 1.1 predicted that there would be greater recall
of 1 than of 2-syllable words, a hypothesis unsubstantiated
by the data. It was also expected that articulatory
suppression would lower recall overall (Hypothesis 1.2),
which did occur, F(1,20) = 42.17, p < .001, MSE = .34 (Figure
6; Table 12). There was no word-type by articulatory
-suppression interaction, thus failing to confirm Hypothesis



136

P

1.3. The failure to find an interaction may have been due to
the absence of a word-length effect in the control condition.

There was an effect of verification condition such that words
verified as correct were better recalled than words verified
as mhuddled, F(1,20) = 44.94, p < .001, MSE = .19, the
opposite of what was predicted by Hypothesis 1.4. Finally,
there was a word-type X articulatory suppression X
verification interaction, F(1,20) = 6.52, p = .019, MSE =
.07. This interaction occurred because there was a word-type
x articulatory suppression interaction in the muddled
verification condition, F(1,20) = 6.21, p = .022, MSE = .17,
put not in the correct verification condition (Figure 6;
Table 12).

3 - —7/x— 1-syilable
—@— 2-syllable
26 +
2 + .
Nusmber of words
recalled 1.6 + -

1 +

0.6 +

0 } t t + i

Control Suppressed Control Suppressed
Correct Muddied
Verification Condition

Figure 6. Recall in the correct serial position by word-length, articulatory suppression, and
verification conditions for Experiment 2.

Recall in any serial position

When examining recall in any serial position, again there was

‘no word-length effect. Again articulatory suppression lowered

recall overall, F(1,20) = 43.91, p < .001, MSE = .37. There
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was a word-length x articulatory suppression interaction,

F(1,20) = 9.56, p = .006, MSE = .08. This interaction
’

occurred because there was slightly higher recall of 1-
syllable than of 2-syllable words in the control condition
and slightly lower recall of 1l-syllable than of 2-syllable
words in the articulatory suppression condition.

There was also higher recall of words verified as correct
than as muddled, F(1,20) = 25.04, p < .001, MSE = .15, and a
word-length x verification interaction, F(1,20) = 8.59, p =
.008, MSE = .04. The higher recall of words in sentences
verified as correct than muddled contradicts Hypothesis 1.4.
The interaction occurred because there was a word-length
effect 1in the muddled verification condition, F(1,20) =
12.42, p = .002, MSE = .04, but not in the correct
verification condition. There was also an interaction between
word-type and articulatory suppression in the muddled
verification condition, F(1,20) = 14.78, p = .001, MSE = .08,
which occurred because there was a word-length effect with,
but not without, articulatory suppression. The presence of
this word-type x articulatory suppression interaction in the
muddled but not correct verification condition produced a
word-type x articulatory suppression x verification condition
interaction, F(1,20) = 5.40, p = .031, MSE = .09 (Table 12).

Table 12. Mean (SD) recall of 1-syllable or 2-syllable words either in the cormect serial position or in

any senial position for both the control and articulatory suppression conditions in Experiment 2.
Note that recall is out of three for either correct or muddled verification conditions and out of 6 for
the total verification and pre-estimates columns (N = 21).

Recall in the correct serial position Recall in any serial position (SD)
(SD)
Correct Muddled Total Correct Muddled Total

Control
1-syllable 2.34 (.48) 1.75(.74) 4.10(1.19) 2.49(.42) 2.17(.50) 4.66 (.86)
2-syllable 2.29 (.52) 1.60(.74) 3.90 (1.11) 2.44 (.47) 2.09 (.58) 4.53(.90)
Articulatory suppression
1-syllable 1.56 (.70) 1.13(.61) 2.68(1.24) 1.80(.54) 1.34 (.59) 3.13(1.05)
2-syliable 1.55(.78) 1.43(.71) 2.98 (1.42) 1.81 (.61) 1.75(.54) 3.56 (1.08)
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Analysis of recall in any serial position produced a perhaps
confusing array of results. In summary, these data showed
that the only hypothesis supported was that articulatory
suppression lowers recall in any serial position, in the same
manner as occurred for recall in the correct serial position.
Typically, persons recalled more words from sentences that
were semantically correct than muddled. It is unclear what,
if any, implications the other interactions have. To begin to
draw conclusions from these interactions at this point would

at best be premature.

Summary of the data relsting to Postulate 1

Experiment 2 failed to find a word-length effect. 1In
Experiment 2, there was no evidence that word length has a
detrimental effect on a person recalling the content or
content and order of the word. There was again evidence that
articulatory suppression lowered recall of words overall.
Because there was no word-length effect in the first
instance, there could not be a removal of a word-length
effect by articulatory suppression. Finally, in contrast to
Experiment 1, Experiment 2 showed that verifying a word as
correct 1is 1likely to produce better recall than does
verifying a word as muddled. Interpretation of these
apparently contradictory findings will be discussed below.

Order Measures: Order errors .

Order errors were again calculated as the number of words
recalled in any serial position minus the number of words
recalled in their correct serial position (Table 13).

As predicted by Hypothesis 2.1, there was no difference in
order errors as a function of word-type, F(1,20) = 2.26, p =
.149, MSE = .06. Neither was there any difference in the
number of order errors as a function of articulatory
suppression, F(1,20) = 3.88, p = .063, MSE = .05 (Hypothesis
2.2). Thus, these data supported the suggestion that the
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Articulatory Rehearsal Process is independent of the process
py which order information is maintained.

contrary to the results obtained in Experiment 1, in
Experiment 2 there were a larger number of order errors in

sentences verified as muddled than correct, F(1,20) = 13.21,
p = .002, MSE = .08. Finally, there was a verification x
articulatory suppression interaction, F(1,20) = 8.53, p =

.008, MSE = .10, produced by the tendency of order errors to
decrease when sentences were verified as correct and increase
when sentences were verified as muddled.

Table 13. Mean (SD) order errors for 1-syllable and 2-syllable words for both the control and

articulatory suppression conditions in Experiment 2. Order errors are out of 3 for the correct and
muddled conditions, and out of 6 overall (N = 21).

Mean order errors (SD)

Correct Muddled Total
Control
1-syllable 0.15 (0.21) 0.41 (0.39) 0.56 (0.52)
2-syliable 0.15 (0.25) 0.48 (0.42) 0.63 (0.54)
Articulatory suppression .
1-syllable 0.24 (0.36) 0.21 (0.23) 0.45 (0.41)
2-syllable 0.26 (0.39) 0.32 (0.34) 0.58 (0.61)

Processing time: Verification and viewing time

As with Experiment 1, Experiment 2 used the time to verify a
sentence as either correct or muddled as a measure of
processing time. Data from Experiment 2 showed that persons
spent more time viewing l-syllable than 2-syllable stimuli,
F(1,20) = 74.53, p < .001, MSE = 79,964 (Table 14). It is not
readily apparent why this should have been so.

If, as asserted earlier, the Articulatory Rehearsal Process
is independent of the processes operating at input in the
present task, then it is reasonable to have expected that
articulatory suppression would have had no effect on viewing
‘times of the stimuli (Hypothesis 2.3). As predicted, data
from Experiment 2 showed that articulatory suppression had no
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effect on the time stimuli were viewed. Furthermore,
regression equations failed to show any predictive
relationship between viewing time and recall in the correct
serial position, further strengthening a case that input
processes are unrelated to the Articulatory Rehearsal

process.

The only other significant effect was that verification time
was faster when sentences were verified as correct than when
verified as muddled, F(1,20) = 6.94, p = .016, MSE = 168,477
(Table 14).

In summary, the only finding of relevance to the present
discussion is that the time taken at initial processing of
stimuli (input processes) did not appear to be affected by
articulatory suppression. This result is consistent with the
interpretation that articulatory suppression operates on
post-input processes and that the input processes are at best
minimally involved with the Articulatory Rehearsal Process.

Table 14. Mean (SD) verification times (ms) for 1-syllable and 2-syllable words for both the control
and articulatory suppression conditions in Experiment 2 (N = 21).

Verification times (ms; SD)

Correct Muddled Mean
Control
1-syllable 2882 (898) 3092 (1072) 2987 (952)
2-syllable 2540 (895) 2673 (1082) 2606 (974)
Articulatory suppression
1-syllable 2937 (1196) 3074 (1327) 3006 (1242)
2-syllable 2539 (1113) 2727 (1229) 2633 (1160)

On-line meta-memory: Pre-estimates of Recall in Any Serial Position

Pre-estimates were obtained for how many words each person
thought that they would recall in any order prior to each
trial (Table 15).

There was only one hypothesis relating to on-line working
memory monitoring: that persons would be able to predict the
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effect of articulatory suppression on their pattern of recall
in any serial position (Hypothesis 3.1). The data from
Experiment 2 provided support for this hypothesis through
jower pre-estimates for articulatory suppression than no
articulatory suppression, F(1,20) = 52.43, p < .001, MSE =
.29 (Table 15). Because there were no effects of word-length,
it was unsurprising that the pre-estimates of recall did not
predict a word-length effect.

Table 15. Mean (SD) pre-estimates of recall in any serial position for 1-syllable and 2-syllable
words for both the control and articulatory suppression conditions in Experiment 2 (N = 21).

Pre-estimates

Control
1-syllable 4;1 4 (0.80)
2-syllable 4.11 (0.82)
Articulatory suppression
1-syllable 3.33 (.090)
2-syllable 3.22 (0.87)

The data also showed that in each condition there was a
significant relationship between pre-estimates and recall.
Specifically, in the control condition pre-estimates for both
1-syllable, R2 = .54, F(1,19) = 21.83, MSresidual = 0-36, and
2-syllable, R? = .53, F(1,19) = 21.05, MSresidual = 0-40,
words were significantly related to performance at p < .05.
Also, in the articulatory suppression conditions, 1l-syllable,
R2 = .67, F(1,19) = 38.29, MSpesidual = 0-38, and 2-syllable,
R? = .49, F(1,19) = 18.04, MSresidqual = 0.63, words were
significantly related to performance at p < .05.

In summary, the data again showed that persons were able to
produce on-line meta-memory estimates that reflected both the
pattern of performance and were demonstrably related to

performance.
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piscussion

pefore discussing the implications of the data from
Experiment 2 for the three postulates being used to integrate
definitions of working memory, the stability of measures of
working memory over time, issues of sensitivity and bias, and
the effect of how a sentence was verified will be discussed.
As much of the discussion will be no more than a repetition
of points made in Experiment 1, the discussion of these three

issues will be brief.

Session constancy: An issue of task reliability
In Experiment 2, the data from Sessions 1 and 2 were again
sufficiently similar in form that they could be aggregated
together. That the data could be aggregated also illustrates
that the scores on the present complex-span task are stable
over a two-week period of time. In summary, Experiment 2
empirically supports the assumption that working memory is a
stable cognitive process and replicates the results of

Experiment 1.

Sentence verification: Sensitivity and bias issues
Another important feature of Experiment 2 was that, like
Experiment 1, it was not assumed that persons were all
equally able to verify the sentences correctly, nor that
persons were necessarily unbiased in pressing the correct or
muddled keys.

The measure of sensitivity (d’; MacMillan & Creelman, 1991,
in Experiment 2 demonstrated that persons had an extremely
high ability to correctly discriminate between a correct and
a muddled sentence. Like Experiment 1, Experiment 2 used the
c-measure of bias (MacMillan & Creelman, 1991) to determine
if persons were biased to differentially respond that a
sentence was correct or muddled. The data also showed that
persons were practically unbiased as to which key they
‘pressed. This low bias implies that, in Experiment 2, persons
again responded on the basis of the demands of the task
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rather than other cognitive processes involved in choice

[l

In summary, Experiment 2 replicated Experiment 1 in providing
empirical evidence that the present task was free of response
pias and that the sentences were discriminable in terms of

their veridicality.

Verifying sentences: The effect of how a sentence was verified on other dependent

variables
Although the verification task was discriminable and bias
free, whether a sentence was correct or muddled did alter the
magnitude of the dependent variables used in Experiment 2.
However, in Experiment 2, the direction of these changes was
opposite in every instance to Experiment 1. Measures of
content were slightly higher, but measures of order and
processing were lower for correct than muddled items. Because
these results contradict those from Experiment 1, it is very
unclear what significance these results have for the
operation of working memory. This issue will be discussed
further in the summary section below (p. 146).

The implications of the results of Experiment 2 for the three generél postulates
about working memory

Experiment 2, like Experiment 1, provides empirical support
for Postulates 2 and 3. However, there is no basis to confirm
that the effects used to define the qualitative/structural
model of working memory were evident in the present complex-
span task, a task based on the quantitative/process model of

working memory (Postulate 1).

Postulate 1: Demonstrating the word-length effect in 8 complex-span task
In order to support the postulate that the operation of the
quantitative/process model of working memory reflects some or
all of the dimensions of the qualitative/structural model of
'working memory, Experiment 2 needed to exhibit effects
definitive of the Articulatory Rehearsal Process. Word length



144

T
and articulatory suppression effects are critical
inferring operation of 'the Articulatory Rehearsal Process.
Experiment 2 was disappointing in that no word-length effects
were exhibited. Thus, no statement in support of Postulate 1

to’

(p- 85) can be made.

The second prediction necessary to 1linking the present
complex-span task with the Articulatory Rehearsal Process was
that articulatory suppression, which is hypothesized to block
the Articulatory Rehearsal Process, would lower recall in the
present complex-span task (Baddeley, et al., 1984; Baddeley,
et al., 1975; Vallar & Baddeley, 1984). As expected,
articulatory suppression did lower overall recall of target
jtems. However, while this finding is necessary in inferring
the Articulatory Rehearsal Process, it is not sufficient on

its own to do so.

The third expectation in Experiment 2 was that word-length
effects would disappear when articulatory suppression was
used by persons, because articulatory suppression prevents
operation of the Articulatory Rehearsal Process. The
presupposition of this expectation is that a word-length
effect is present before articulatory suppression.‘Because no
word-length effects were present before articulatory
suppression, the absence of word-length effects after
articulatory suppression cannot be claimed as evidence of
anything about articulatory suppression and its role in
removing word-length effects. Hence, no comment about the
operation of the Articulatory Rehearsal Process in the

present complex-span task can be made.

Thus, the way articulatory suppression was operating in the
present complex-span task is indeterminate. Without a word-
length effect in the first place, articulatory suppression
may simply create a divided attention task which interferes
.with or slows the operation of working memory, hence lowering

recall.
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From the present data then, it is impossible to determine
whether the Articulatory Rehearsal Process is operating in
the present complex-span task. This also means that one
cannot conclude from Experiment 2 that it is possible to
demonstrate the qualitative effect of the Articulatory
Rehearsal Process in the present quantitative model. Thus
Experiment 2 has failed to provide support for Postulate 1.
However, Experiment 2 has not disconfirmed Postulate 1
either. So the question is open as to why the word-length
effect was absent in Experiment 2.

There are at least two possible reasons why Experiment 2
failed to demonstrate word-length effects. The first is that
the presence of the sentence verification task in some way
precluded operation of the Articulatory Rehearsal Process and
that the effect of articulatory suppression was in fact due
to task interference.

The second reason for the absence of word-length effects may
have been that the discriminability of the stimuli was
insufficient: that is, that 1 and 2-syllable words are just
not different enough in (articulatory) 1length to produce a
word-length effect. The reason that this hypothesis was not
investigated next was that there was insufficient evidence to
conclude that the concurrent operation had no impact on the
word-length effect. The hypothesis that sentence verification
had a bearing on the absence of a word-length effect seemed
likely when placed in the context of the results from
Experiment 1, in which no phonological similarity effect was
present with a concurrent task. It seemed, at the time, that
the evidence obtained in Experiments 1 and 2 required direct
investigation of the sentence verification task.

Postulate 2: Measures of order and processing time in differentially defining
working memory
.In Experiment 2, neither the length of the words nor the
presence or not of articulatory suppression had any effect on
order information. This is an important result. It was found
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in Experiment 1 that order information was affected by,
phonological similarity but not by articulatory suppression.
The suggestion to be taken from this result is that order
information is related in some way to the Phonological Store,
but not to the Articulatory Rehearsal Process. Thus, if order
information 1is unrelated to the Articulatory Rehearsal
Process, then in Experiment 2, neither manipulations across
word length nor articulatory suppression conditions ought to
have any effect on order information. This is exactly what
was found in Experiment 2. There is thus some basis for being
more certain that order information is not part of the
Articulatory Rehearsal Process and hence advancing the
hypothesis that the Articulatory Rehearsal Process may
operate solely on item content.

The only effect on processing time of any of the
manipulations in Experiment 2 was that more time was spent
viewing and verifying the 1-syllable words than the 2-
syllable words. It is unclear what implications this result
has as it cannot be placed in a context of any statements
about the Articulatory Rehearsal Process. If articulatory
suppression affirms the presence of the Articulatory
Rehearsal Process, then it might be concluded that processing
time at input and the Articulatory Rehearsal Process are
separate processes (e.g., Cowan, 1992; Cowan, et al., 1992).

Finally, whether a sentence was correct or muddled again
showed some effect on other dependent variables. In
Experiment 2, correct sentences had higher scores on measures
of content than muddled sentences. Correct sentences had
lower scores on order and processing measures than muddled
sentences. The results in Experiment 2 contradict the results
from Experiment 1. Consequently, there seems to be no
coherent pattern to the results. The only immediate
conclusion that can be drawn is that it is critical to
‘balance the presentation correct and muddled sentences within
each trial to avoid confounding the results in any way.
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Postulate 3: Monitoring working memory

Finally, in Experiment 2, persons were able to predict the
pattern of their performance. Also, in addition to predicting
the pattern of their performance, persons’ on-line meta-
memory appeared to be related to their actual performance in
some regular way. This result provides further support for
the possibility of monitoring one’s own working memory
performance. However, as a word-length effect was absent in
Experiment 2, it remains to be determined if persons can
actually predict that effect, and hence the operation of the
Articulatory Rehearsal Process in working memory.

SUMMARY OF EXPERIMENTS 1 AND 2

Experiments 1 and 2 were designed to provide a first step
toward integrating the quantitative/process and
qualitative/structural models of working memory. To integrate
these models it was first necessary to demonstrate operation
of the Phonological Loop (comprised of the Phonological Store
and the Articulatory Rehearsal Process) in
operationalisations of both models. In Experiment 1, the
presence of the phonological similarity effect without but
not with articulatory suppression was the criterion for
demonstrating the Phonological Store. In Experiment 2, the
presence of the word-length effect without but not with
articulatory suppression was the criterion for demonstrating
the operation of the Articulatory Rehearsal Process. However,
neither Experiment 1 nor 2 were able to replicate the
phonological similarity and word-length effects,
respectively, in a complex-span task. So, at this point,
there is no direct evidence that the Phonological Loop
operates in the quantitative/process model as it does in the
qualitative/structural model of working memory.

The phonological similarity and word-length effects have been
‘repeatedly demonstrated in simple-span tasks. However,
Experiments 1 and 2 of the present set of studies failed to
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demonstrate the phonological similarity and word-length
effects in a complex-span task, a task that could be
described as a simple-span task plus a concurrent operation.
Given that the effects the present studies sought to
replicate have been described as robust, the question is
raised as to what effect the presence of a concurrent
operation might be having on the working of the Phonological
Loop. The logical way to examine the effect of a concurrent
operation is to repeat Experiments 1 and 2 without the
concurrent operation, that is, try to replicate the effects
used to infer the Phonological Loop in a simple-span task.

Both Experiments 1 and 2 demonstrated that it is useful to
use theoretical features of content, order, and processing
time in investigating the operation of working memory
(Postulate 2). The main implication of this result is that
working memory cannot be simply described as a storage area
nor solely in terms of its capacity (c.f., Cantor & Engle,
1993; Engle, et al., 1990; Kyllonen & Christal, 1990; La
Pointe & Engle, 1990; Light & Anderson, 1985; Turner &
Engle, 1989; Whitney, Ritchie, & Clark, 1991; Wingfield,
Stine, Lahar, & Aberdeen, 1988). From Experiments 1 and 2,
working memory appears to be multi-dimensional in nature.
Experiments 1 and 2 also suggest that working memory involves
information about what 1is active and what order that
activation occurs in. There is thus support for Postulate 2
that:

2. The factors of order and processing time of
process/quantitative models will be useful in
elaborating upon the qualitative/structural model of
working memory, in addition to a measure of content.

Finally, Experiments 1 and 2 have extended research in which
persons’ were shown to predict their recall on other than
.working memory tasks (e.g., Bruce, et al., 1982; DeVolder, et
al., 1990; Perlmutter, 1978; Rebok & Balcerak, 1989).
Experiments 1 and 2 has extended this research by
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demonstrating that persons are able to differentially predict
the pattern of their working memory performance and that
these predictions are related to their performance. What
remains to be determined is whether this relationship between
meta-memory and working memory remains when the phonological
similarity and word-length effects are replicated.

In conclusion, Experiments 1 and 2 found direct evidence for
Postulates 2 and 3 only. This implies that dimensions of
content, order, and processing time are useful in describing
working memory and that persons can monitor the products of
their working memory. What remains to be determined is
whether the Phonological Loop occurs in both
qualitative/structural and quantitative/process models of

working memory.
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CHAPTER 8: EXPERIMENTS 3 & 4: EXAMINATION OF
QUANTITATIVE/PROCESS, QUALITATIVE/STRUCTURAL, AND
SUBJECTIVE/OBJECTIVE FACTORS IN A SIMPLE-SPAN TASK

Experiments 3 and 4 were conducted to answer a single
important question: Was the absence of phonological
similarity and word-length effects in the first two
experiments due to the concurrent processing aspect of the .
task, that 1is, sentence verification? A criticism of
Experiments 1 and 2 was that, while the ’storage’ aspect of
working memory was being studied, this storage aspect may
have been confounded by what Just and Carpenter (1992)
describe as the processing aspect of the Reading Span task,
namely the verification of sentences. Daté in La Pointe and
Engle’s (1990) first two experiments showed smaller magnitude
word-length effects for complex-span than simple-span tasks.
Thus is it not unreasonable to assert that the concurrent
sentence operation interferes with effects used to define the
Phonological Loop.

However, there are also data showing that the difference
between using simple or complex-span tasks is not that large
or theoretically relevant. For example, Verhaegen, Marcoen,
and Goossens (1993) analyzed 40 studies of memory span
examining the differences between complex-span and simple-
span tasks - in the context of age. Verhaegen, et al. found
that both complex-span and simple-span measures of working
memory displayed similar effect sizes in discriminating
between age groups. This result suggests that the supposed
advantage in predicting other cognitive performance from a
complex-span task, in preference to a simple-span task, is
not as empirically sound as it is theoretically appealing. In
the present dissertation, the relevance of Verhaegen, et
al.’s meta-analysis is that perhaps the concurrent operation
of sentence verification was not responsible for the absence
of phonological similarity and word-length effects in

Experiments 1 and 2.
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Thus, given one set of research suggesting that the
concurrent operation is critical to working memory
measurement and another minimizing its impact, it is
empirically sensible to repeat Experiments 1 and 2 but
without the concurrent verification task. Finally,
Experiments 3 and 4 also provided an opportunity to replicate
the results of Experiments 1 and 2 with respect to Postulates

2 and 3.
EXPERIMENT 3: THE PHONOLOGICAL SIMILARITY EFFECT IN A SIMPLE-SPAN TASK

As explained above, the primary rationale for conducting
Experiment 3 was to investigate whether the phonological
similarity effect may have been obscured in Experiment 1
because of the presence of a concurrent operation (Figure 3,
p. 87). The evidence for this explanation is based on theorv
(Just & Carpenter, 1992) and empirical work in which a
concurrent operation has reduced the word-length effect (La
Pointe & Engle, 1990).

However, it is also important to note that not only was there
no phonological similarity effect in Experiment 1, but that
there was greater recall of phonologically similar than of
phonologically dissimilar items. As was discussed earlier,
one likely explanation for this was that persons used a rule-
based strategy to guess the words, with a consequent absence
of order information. It could be argued that it would be
sensible to try to reduce the operation of this rule-based
strategy. One way to do so might be to reduce the time
persons had for recall, for example. However, at the time of
conducting Experiment 3, varying more than one parameter
might have also prevented a conclusion of whether the absence
of a phonological similarity effect in Experiment 1 was
obscured by concurrent sentence verification or the othef
parameter(s) that were varied. As the impact of concurrent
operations wupon assessment of working memory is both
theoretically and empirically important, it was decided to
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change only the concurrent operation parameter in Experiment

3.

In Experiment 1 it was stated that Postulate 1 implied that
the phonological similarity and articulatory suppression
effects used to infer the Phonological Loop structure
(Baddeley, 1986, 1992a, 1992b) would be evident in complex-
span tasks involving an operation and storage component. In
Experiment 1, this assertion was unsupported. In Experiment
3, it was expected that the phonological similarity and
articulatory suppression effects wused to define the
Phonological Store would occur in a simple-span task where
they did not in a complex-span task. Thus, the hypotheses
relating to the phonological similarity effect in Experiment
3 were unchanged from those in Experiment 1:

1.1 There would be greater recall of phonologically
dissimilar than similar items;

1.2 There would be lower recall of all items when the
person was using articulatory suppression; and that

1.3 There would be no phonological similarity effect
with concurrent articulatory suppression.

The second result that Experiment 3 sought to replicate was
the larger effect on order errors of phonologically similar
than phonologically dissimilar words. As was shown in
Experiment 1, this effect was unlikely to be explained solely
by guessing alone. The proportion of order errors for
phonologically similar words was significantly 1larger,
indicating that phonological similarity had an effect at
input or maintenance of words beyond any effect of guessing
order at output. So, in Experiment 3, it was predicted that:

2.1 phonologically similar items would produce more

order errors than phonologically dissimilar items.
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Also, in both Experiments 1 and 2, articulatory suppression
had no effect on a measure of order. So, in Experiment 3, it

was expected that:

2.2 articulatory suppression would not alter the number

of order errors.

The measure of processing time was less interesting 1in
Experiments 1 and 2 of the present dissertation. When
processing time was defined as the time spent viewing and
verifying an item, it did not appear to have any real impact
on any other variables. Experiment 3 provided an opportunity
to replicate the lack of impact of processing time upon
recall but without the additional sentence verification time.

Finally, Experiment 3 aimed to replicate the ability of
persons to monitor their working memory performance. From
Experiments 1 and 2, it was expected to find accurate
monitoring of working memory performance patterns, and a
relationship between meta-memory and performance. In
Experiment 3 the scene was set to examine whether this
accuracy could be replicated when a phonological similarity
effect was present. Thus, provided that performance data
showed a phonological similarity effect, it was hypothesized
in Experiment 3 that:

3.1 Persons would be able to predict the patterns of the
phonological similarity effect on their recall in any

serial position.
Method

Participants

Twelve female participants aged 23 - 48 (Mean = 30.40 years;
SD = 7.65) and eight male participants aged 19 - 41 (Mean =
31.00; SD = 8.40) completed Experiment 3. Due to a computer
error, viewing time and pre-estimate data were lost for two
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participants reducing the sample size from 20 to 18 for those

measures.

Design

Experiment 3 was a two-way factorial design, with all factors
varied within subjects. The first factor was word-type
(phonologically similar or phonologically dissimilar) and
the second factor was articulatory suppression (absent or
present). Experiment 3 was conducted in a single session. The
dependent variables were as detailed in the General Method

section (p. 99).

Procedure

The procedure for Experiment 3 was identical to the procedure
for Experiment 1 with one exception. When the stimulus was
presented, there was no verification task to complete. So, to
view each succeeding stimulus, the participant pressed the
space-bar on the keyboard. Otherwise the procedure has been
described fully in the General Method section (p. 95).

Results

Results of Experiment 3 will be presented in terms of
measures of content, order, processing time, and of meta-

memory.

Content Measures: Recall in the correct serial position, recall in any serial

position

The results of Experiment 3 and its investigation of
Postulate 1 will now be presented in terms of recall in the
correct serial position‘ and recall in any serial position
(Table 16). The results again failed to demonstrate a
phonological similarity effect, but did show a lowering of
measures of content with concurrent articulatory suppression.
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Table 16. Mean (SD) recall of phonologically similar or phonologically dissimilar words either in the

comect serial position or in any serial position for both the control and articulatory suppression
conditions in Experiment 3 (N = 20).

- Recall
Recall in the correct serial position Recall in any serial position

Control

Similar 3.92 (1.18) 5.22 (0.74)

Dissimilar 3.97 (1.30) 4.70 (0.65)
Articulatory suppression

Similar 2.85 (1.38) 4.02 (0.84)

Dissimilar 2.75 (1.43) 3.45 (1.10)

Recall in the correct serial position

In order to demonstrate a phonological similarity effect,
Hypothesis 1.1 predicted that phonologically dissimilar words
would be better recalled than phonologically similar words,
an expectation that was not confirmed by the data over the
control and articulatory suppression conditions, F(1,19) =
.02, p = .890, MSE = .64. Items that' were phonologically
similar and phonologically dissimilar were recalled equally
well. There was lower recall when articulatory suppression
was used by persons, F(1,19) = 29.49, p < .001, MSE = .88,
supporting Hypothesis 1.2. As there was no phonological
similarity effect without articulatory suppression, the
absence of an interaction (as implied by Hypothesis 1.3)
between phonological similarity and articulatory suppression
was unsurprising. In short, Experiment 3 was unable to
replicate the phonological similarity effect, thus again
failing to provide support for Postulate 1 (Table 16; Figure
7).

Recall in any serial position
As was found in Experiment 1, data in Experiment 3 again
showed increased recall for phonologically similar over
phonologically dissimilar words, F(1,19) = 71.77, p < .001,
MSE = .58 (Hypothesis 1.1). As predicted by Hypothesis 1.2,
articulatory suppression lowered the overall level of recall,
F(1,19) = 24.22, p < .001, MSE = .24. Finally, there was no
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phonological similarity X articulatory suppression
interaction. Again, recall in any serial position failed to
demonstrate a phonological similarity effect in the present
simple-span task (Table 16; Figure 7).

To summarise, contrary to predictions based on Baddeley'’s
(1986, 1992a, 1992b) qualitative/structural model of working
memory, phonological similarity effects in recall continued
to be absent in the simple-span task presented in Experiment
3. The main implication of this result is that it is unlikely
that the presence of the concurrent task precluded the
phonological similarity effect in Experiment 1.

e, —/\— Similar
—@— Dissimilar
8 4+
4 +
Number of words

recalled 3 +
2 +
1+
0 + t —+ } i

Control Suppressed Control Suppressed

Recalt in the correct serial position Recall in any serial position

Figure 7. Recall in the correct serial position and recall in any serial position by phonological
similarity and articulatory suppression conditions in Experiment 3.

It was interesting in Experiment 3 to find that recall in the
correct serial position was equivalent across the
phonological similarity conditions, whereas phonologically
similar words were better recalled than phonologically
dissimilar words for recall in any serial position. This
difference in effects replicates research using free-recall
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methods that showed that when only content was required for
recall, phonologically similar items were better recalled
than phonologically dissimilar items (Wickelgren, 1965). The
implication of this result is that increased recall of
phonologically similar items over phonologically dissimilar
items is a function of content. As will be demonstrated
below, lower recall of phonologically similar than
phonologically dissimilar items may be produced by a loss of
order information.

Order Measures: Order errors

The data in Experiment 3 showed, as expected, that there were
more order errors for phonologically similar than
phonologically dissimilar items (Hypothesis 2.1), F(1,19) =
12.51, p = .002, MSE = .43. As predicted by Hypothesis 2.2,
there was no effect of articulatory suppression (Table 17) .

Table 17. Mean (SD) order errors for phonologically similar and phonologically dissimilar words for
both the control and articulatory suppression conditions in Experiment 3 (N = 20).

Order errors

Control
Similar 1.30 (0.92)
Dissimilar 0.73 (0.82)
Articulatory suppression )
Similar 1.17 (0.92)
Dissimilar 0.70 (0.65)

Because recall 1levels were different in one measure of
content, it could be proposed that there were more order
errors because more items were recalled, but that the
proportion of order errors would be equivalent. Anticipating
this criticism, Experiment 3 found that the proportion of
order errors (order errors divided by the total words
recalled in any serial position) was greater for
phonologically similar (Mean = .28, SD = .18) than for
phonologically dissimilar (Mean = .20, SD = .21) words,
t(19)= 2.14, p = .023, one-tailed, across articulatory
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suppression condition. This increased proportion of order
errors for phonologically similar over phonologically
dissimilar words indicates again that order errors are

differentially affected by the phonological similarity of the

stimuli.

In summary, Experiment 3 supports an assertion that order
information 1is separate from . the effects of articulatory
suppression, and by implication, separate from  the
Articulatory Rehearsal Process (Table 17). The implication of
this finding 1is that increasing phonological similarity
reduces a person’s ability to maintain order information, a
result that replicates that of Experiment 1.

Processing time: Viewing time

In Experiment 3, there were no significant differences in
mean viewing time as a function of phonological similarity.
Unexpectedly, articulatory suppression lowered the time spent
viewing the target words, F(1,17) = 9.51, p = .007, MSE = 538
759 (Table 18). This 1lowered viewing time is perplexing
because intuitively one would expect that engaging in
articulatory suppression, an additional proceséing task,
would demand that more, not less, time be spent rehearsing
and reading words. An explanation provided by one participant
was that he chose to go faster when he was using articulatory
suppression because he believed that he would forget fewer
words this way. This lowered time spent processing items with
articulatory suppression in Experiment 3 is also at odds with
the null effects of articulatory suppression found in
Experiments 1 and 2. Therefore, at this point, this anomalous
effect will be treated as an aberration pending further

empirical investigation in subsequent experiments.

Finally, in Experiment 3 the standard deviations were
typically quite large. The minimum viewing times across all
conditions ranged from 623 ms to 969 ms and the maximum from
6,229 ms to 7,687 ms. However, it was not practical to remove
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any especially long viewing times as there would then have
been too few cases to analyze.

Table 18. Mean (SD) viewing times (ms) for phonologically similar and phonologically dissimilar
words for both the control and articulatory suppression conditions in Experiment 3 (N = 18).

Viewing times (ms)

Control
Similar 3165 (2006)
Dissimilar 2829 (2100)
Articulatory suppression
Similar 2450 (1717)
Dissimilar 2478 (1867)

On-line meta-memory: Pre-estimates of Recall in Any Serial Position

Hypothesis 3.1 predicted that persons would be able to
predict the patterns of the phonological similarity effect on
their recall. However, as the performance data from
Experiment 3 failed to replicate the phonological similarity
effect, one could not expect to support Hypothesis 3.1. The
data did show that Experiment 3 pre-estimates were higher for
the control than the articulatory suppression condition,
F(1,17) = 13.21, p = .002, MSE = .62. There were no other
main or interaction effects (Table 19). So, only the pattern
of articulatory suppression was predicted in Experiment 3.
There was no prediction of the higher recall of
phonologically similar over phonologically dissimilar words.

Table 19. Mean (SD) pre-estimates of recall in any serial position for phonologically similar and

phonologically dissimilar words for both the control and articulatory suppression conditions in
Experiment 3 (N = 18).

Pre-estimates

Control
Similar 4.20 (1.00)
Dissimilar 4.37 (1.02)
Articulatory suppression
Similar 3.57 (1.11)

Dissimilar 3.65 (1.05)
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There was a statistically significant relationship at p < .05
found between pre-estimates and performance measures for
phonologically similar and for phonologically dissimilar
yords in the control condition, R2 = .28, F(1,15) = 5.77,
MSpesidual = 0.23, and RZ? = .43, F(1,15) = 11.29, MSresidual
_ 0.25, respectively. There was also a statistically

significant relationship at p < .05 between pre-estimates and

performance measures for phonologically similar and for
phonologically dissimilar words in the articulatory
suppression condition, RZ = .50, F(1,15) = 14.80, MSregjdual
= 0.36, and R? = .65, F(1,15) = 27.93, MSresidual = 0.50,
respectively. These data replicated previous results
(Experiments 1 and 2) in which on-line meta-memory had shown

a relationship to general working memory performance.

Discussion

The principal conclusion from Experiment 3 is that the
presence of a concurrent sentence verification task is
probably not the reason that phonological similarity effects
were absent in Experiment 1. The implication of this
conclusion is that (a) this research program must establish
the conditions for replicating the phonological similarity
effect, and (b) that an absence of a phonological similarity
effect is not 1likely due to the presence of a concurrent

operation.

The absence of a phonological similarity effect in Experiment
3 is in some ways both disappointing and welcome. It is
disappointing because the question of why phonological
similarity effects were absent in Experiments 1 and 3 remains
an open question. It is welcome because if the presence of a
concurrent operation precluded the phonological similarity
effect, there would be little basis to claim that qualitative
aspects of working memory could be demonstrated in complex-
span tasks such as those used by the quantitative/process
model of working memory. If presence of phonological
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similarity was precluded by a concurrent operation, then
clearly both models of working memory would appear to be
considering different constructs and processes. However,
despite an absence of a phonological similarity effect in
poth Experiments 1 and 3, the results from Experiment 3 bear
scrutiny in respect of the three postulates of this

dissertation.

Postulate 1: Demonstrating the phonological similarity effect in a simple-span
task

Experiment 3 failed to demonstrate a phonological similarity
effect. That is, where phonologically similar items were
expected to be 1less well recalled than phonologically
dissimilar items, in Experiment 3 they were recalled equally
well in the correct serial position. In any serial position,
more phonologically similar than phonologically dissimilar
items were recalled. The question 1is raised as to why
Experiments 1 and 3 have failed to replicéte the phonological

similarity effect.

In thinking about why these present studies have not
replicated the phonological similarity effect, the author
began with two hypotheses: (a) that the phonological
similarity effect was obscured because persons had too much
time to recall items; or, (b) that the phonological
similarity effect only occurs for items taken from a very
small pool of stimuli and presented more than once.

It was discussed in Experiment 1 that persons may have been
reconstructing recall of items from a rule-based system for
phonologically similar items only. That is, if a person
recalled one word, they could then try adding consonant
prefixes onto that word’s stem to see if they could guess or
recognize the word. For example, if the first word was cat, a
.person could generate words such as bat, hat, pat, and
recognize that pat was the second target item. The prediction
for such a strategy would he that persons might recall more
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phonologically similar than phonologically dissimilar items
by reconstruction but that when the order those items
occurred in was considered, recall would be equivalent
(Wwickelgren, 1965). These predictions are borne out by the
results of Experiment 3. The inference to be made from these
results is that perhaps reconstruction could be 1limited by
1imiting the time persons have at recall. Examining the
research done with item recall does suggest that it is usual
to allow only between 10 to 20 seconds to recall items (e.g.,
Baddeley, 1966a, 1968; Baddeley, et al., 1984; Baddeley, et
al., 1975). Thus, in future research it may be necessary to
limit recall time rather than allow an unlimited time to

recall items, in order to reduce item reconstruction.

The second hypothesis for the absence of a phonological
similarity effect is derived from an examination of research
in which the phonological similarity effect has Dbeen
demonstrated. This examination found that, in most studies of
phonological similarity effects, the stimulus pool was of
about 10 items which were sampled from with replacement
(especially Baddeley, 1966a, 1968; Baddeley, et al., 1984;
Baddeley, et al., 1975; Conrad & Hull, 1964; Estes, 1973;
Healy, 1974). LaPointe and Engle (1990) in their fourth and
fifth experiments showed that articulatory suppression
removed the effects of word-length for a fixed stimulus pool
but not for a pool from which items were sampled without
replacement. Taken together, the results from previous
research do suggest that the nature of the stimulus pool is

worth examination.

Both these issues of reconstruction and pool-type deserve
more investigation and will be examined more fully in the
next chapter. However, to recapitulate, data from Experiment
3 are interpreted as disconfirming the hypothesis that a
concurrent verification task is responsible for the absence
of a phonological similarity effect.
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postulate 2: Measures of order and processing time in differentially defining
working memory

As with Experiment 1, Experiment 3 demonstrated that measures
of order and processing time, in addition to a measure of
content, are useful in further defining dimensions of working
memory . Measures of content showed that articulatory
suppression lowers the amount of material in working memory.
This is consistent with both Articulatory Rehearsal Process
and interference interpretations of the role of articulatory
suppression. Without specifically knowing whether
articulatory suppression also blocks the phonological
similarity effect, it 1is impossible to determine how
articulatory suppression lowers measures of content from the
present data.

Experiment 3 replicated the results in Experiment 1 wherein
more order information was lost for phonologically similar
than for phonologically dissimilar items. This result
occurred even in the absence of a phonological similarity
effect. This is an important result as evidence is now
beginning to converge that the phonological similarity effect
might be produced by a 1loss of order, not content,
information. The implication of the phonological similarity
effect being an effect of successive order errors is that the
Phonological Store of the qualitative/structural model of
working memory cannot account for order information (Burgess
& Hitch, 1992) and, from this inference, should do so.
Experiment 3 highlights that to fully describe working
memory, it appears at least prudent to include some measure
of how effectively item order is preserved (Postulate 2, p.
88).

Finally, in Experiment 3, the expectation that input and
working memory processes would remain separate was partially
supported by the data. It would be logical to suggest that if
articulatory suppression either blocks the Articulstory

Rehearsal Process or interfered in some other way with
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cqulsltlon of information, that the time taken to 1nput
a .

temS would increase. Paradoxically, the time taken to input
1temS decreased with articulatory suppression. While one
part1c1pant explained that he went faster with articulatory
suppresslon to avoid a loss of information, what exactly
occurred is at this stage unknown. To validate or disconfirm
any theories based on this effect of processing time on
Experiment 3 there would need to be at least a clearer

replication of this effect.

In summary, Experiment 3 continued to support the utility in
describing working memory in terms of three dimensions of
content, order, and processing time. These dimensions provide
a means to dissociate and describe the processes of working
memory more clearly at both operational and theoretical
levels. Particularly, the differential 1loss of order
information as a function of phonological similarity appears
to be assuming greater theoretical significance in

considering working memory.

Postulate 3: Monitoring working memory

Finally, Experiment 3 again provided support for the
assertion that working memory output can be monitored. 1In
Experiment 3, persons predicted their pattern of recall in
response to using articulatory suppression. Furthermore, the
on-line pre-estimates were predictive of actual performance.

However, because there was no phonological similarity effect
in performance data in Experiment 3, it remains unclear
whether persons will be able to predict a phonological
similarity effect when it 1is present. Thus, when the
phonological similarity effect is replicated, it will be of
interest to test whether persons predict that effect or not.
To summarize, Experiment 3 adds a third confirmation of
persons’ ability to monitor their general working memory

performance accurately.
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ExPERIMENT 4: THE WORD-LENGTH EFFECT IN A SIMPLE-SPAN TASK

The main purpose of Experiment 4 was to examine whether the
absence of the word-length effect in Experiment 2 was due to
the concurrent sentence verification operation (Figure 3, p.
87). In Experiment 2, it was expected that the word-length
and articulatory suppression effects used to infer the
Articulatory Rehearsal Process (Baddeley, 1986, 1992a, 1992b)
would be evident in typical complex-span tasks involving an
operation and recall component. However, there was no word-
length effect in the data from Experiment 2, hence there was
no basis to conclude that the Articulatory Rehearsal Process
operated in a complex-span task. If the presence of a
concurrent operation in Experiment 2 was what prevented
replication of a word-length effect, then in the simple-span
task of Experiment 4 there was reason to expect replication
of a word-length effect. Therefore, the following hypotheses

were proposed:

1.1 There would be greater recall of 1l-syllable than
2-syllable items; '

1.2 There would be lower recall of all items when the

person were using articulatory suppression; and that

1.3 There would be no word-length effect with

concurrent articulatory suppression.

Experiment 4 also continued to use additional measures of
order and processing time (Postulate 2, p. 88). In
Experiments 1, 2 and 3, the assessment of item order
preservation produced data that differentiated between
phonological similarity and word-length effects. Increased
phonological similarity of items produced increased order
errors in Experiments 1 and 3. However, increased word-length
and articulatory suppression did not produce any change in
order errors in Experiment 2. If this differential increase
in order errors, as a function of phonological similarity but
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not word-length or articulatory suppression, indicates the
dissociability of the Phonological Store from the
articulatory Rehearsal Process respectively, then for
Experiment 4 it might be expected that:

2.1 Word-length and articulatory suppression
manipulations will not alter the number of order errors.

As in Experiments 1 and 2, Experiment 3 again showed that the
measure of processing time was not effective in delineating
phonological similarity or word-length effects. The data from
Experiment 3 only partially supported the hypothesis that the
input processes (as assessed by viewing time) were separate
from the processes supposedly operating in the Articulatory

Rehearsal Process (articulatory suppression). That |is,
processing time decreased when articulatory suppression was
used relative to when it was not. From an inspection of the
data, it 1is probable that this effect of articulatory
suppression on viewing times was due to two reasons: one
person reported deliberately going faster with articulatory
suppression so as to reduce the total time suppressing; and,
some persons spent an inordinate amount of time on some
trials in the control condition as shown by the large
standard deviations in Table 18. With these explanations in
mind, in Experiment 4 the hypothesis was re-proposed that:

2.2 There would be no difference in viewing times as a
function of word-type, indicating the separateness of
the Articulatory Rehearsal Process from input processes,

and

2.3 There would be no differences between viewing times
for items when articulatory suppression was used than
when it was not.

From Experiments 1, 2 and 3, data continued to support
Postulate 3 which implies that content measures of on-line
meta-memory will mirror content measures of memory
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performance in pattern and be related to those performance
mpeasures. Thus it was hypothesized in Experiment 4 that,
provided that a word-length effect was present, that:

3.1 Persons would be able to predict the pattern of a
word-length effect on their recall in any serial
position.

In addition, it was hoped that Experiment 4 would show a
word-length effect. Until a word-length effect is replicated,
one cannot address whether persons can monitor such an
effect.

Method

Participants

Nineteen of the twenty participants in Experiment 3 completed
Experiment 4 also. Eleven female participants aged 23 to 48
(Mean = 29.78 years; SD = 7.84) and eight male participants
aged 19 - 41 (Mean = 31.00; SD = 8.40) completed Experiment
4. Due to a computer error, viewing time and pre-estimate
data were lost for two and one participants respectively,
reducing the sample size from 19 to 17 and 18 accordingly for

those measures.

Design

Experiment 4 was a two-way factorial design, with all factors
varied within subjects. The first factor was word-type (1-
syllable, 2-syllable) and the second factor was articulatory
suppression (absent or present). The dependent variables were
as detailed in the General Method section (p. 99).

Procedure

The target words were identical to those in Experiment 2,
except that the words were presented on their own and not at
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the end of a sentence. Otherwise the procedure was identical
to Experiment 2 and as described in the General Method

section (p. 95).

Results

Content Measures: Recall in the correct and recall in any serial position

As with Experiments 1 to 3, the results for measures of-
content will be presented separately for recall in the
correct serial position and recall in any serial position
(Table 20).

Table 20. Mean (SD) recall of 1-syllable or 2-syllable words either in the correct serial position or in

any serial position for both the control and articulatory suppression conditions in Experiment 4 (N =
19).

Measures of content

Recall in the correct Recall in any serial
serial position position

Control

1-syllable 4.84 (1.43) 5.28 (0.72)

2-syllable 4.54 (1.26) ' 5.11 (0.76)
Articulatory suppression

1-syllable 3.11 (1.22) 4.09(0.90)

2-syllable 3.33 (1.45) 4.26 (0.95)

Recall in the correct serial position
From predictions based on a qualitative/structural model, it
was expected that 2-syllable words would be 1less well
recalled than l-syllable words (Hypothesis 1.1), an
expectation that was not confirmed by the data, F(1,18) =
0.11, p = .749, MSE = .22. Hypothesis 1.2 predicted that
articulatory suppression would lower recall of items overall,
which the data showed in Experiment 4, F(1,18) = 32.99, p <
.001, MSE = 1.25 (Table 20; Figure 8). As with Experiment 2,
there were no word-length effects for articulatory
suppression to prevent, and so Hypothesis 1.3 could not be

addressed.
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Recall in any serial position

There was no difference in recall in any serial position
petween 1l-syllable and 2-syllable words (failing to confirm
Hypothesis 1.1), F(1,18) = 0, p = 1.000, MSE = .18.
Articulatory suppression 1lowered recall ovérall, F(1,18) =
28.47, p < .001, MSE = .69 (Hypothesis 1.2). Finally, there
was no interaction between word-type and articulatory
suppression conditions, F(1,18) = 1.73, p = .205, MSE = .34
(Hypothesis 1.3).

—/\— 1-syllable
—&@— 2-syllable
8§ +
4 +
Number of words
recalled 3 +
2 +
1+
0 t t t t {
Control Suppressed Control Suppressed
Recall in correct serial position Recall in any serial position

Figure 8. Recall in the correct serial position and recall in any serial position by word-length and
articulatory suppression conditions in Experiment 4.

Summary

For the measures of content in Experiment 4, essentially the
same results as Experiment 2 were found. There were no word-
length effects to indicate the operation of the Articulatory
Rehearsal Process in the present simple-span task, just as
they were absent in the complex-span task. The main point of
Experiment 4 was to examine if the absence of the word-length
effect in Experiment 2 was due to the presence of a
concurrent operation in addition to the span task. The data
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from Experiment 4 show that the absence of the word-length
effect in the complex-span task was not because of the

presence of a concurrent operation.

Order Measures: Order errors

Overall, there was no difference in order errors between 1-
syllable and 2-syllable words. Unexpectedly, more order
errors were made with articulatory suppression than in the
control condition, F(1,18) = 12.45, p < .01 (Table 21), a
finding counter to Experiments 1, 2, and 3 in which
articulatory suppression had no effect on order errors. It is
unclear from the data why this should have been so, and this
result awaits replication when the conditions for producing a
word-length effect in recall are established. Thus,
Hypothesis 2.1 that word-length and articulatory suppression
would have no effect on order errors was only partially
supported by the data from Experiment 3.

Table 21. Mean (SD) order errors for 1-syllable and 2-syllable words for both the control and
articulatory suppression conditions in Experiment 4 (N = 19).

Order errors (SD)

Control
1-syllable 0.44 (0.86)
2-syllable 0.56 (0.84)
Articulatory suppression
1-syllable 0.98 (0.73)
2-syllable 0.93 (0.91)

Of primary importance to the present research, however, is
that the number of order errors did not change due to word-
length differences. While this may seem unsurprising because
there were also no recall differences due to word-length,
remember that order errors did increase as a function of
phonological similarity despite the absence of a phonological
similarity effect in Experiments 1 and 3. However, it remains
to be determined whether order errors change when a word-

length effect is present.
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Processing time: Viewing time

As predicted by Hypothesis 2.2 there were no differences in
mean viewing time as a function of word-type and, as
predicted by Hypothesis 2.3, there were no differences
between viewing times for items when articulatory suppression
was used relative to when it was not (Table 22). Taken
together, these results do support the assertion that the
processes operating at input, and assessed by viewing time,
do not impinge on the operation of the Articulatory Rehearsal
Process. However, this conclusion must be tempered by the
fact that there was only an effect of articulatory
suppression in Experiment 4. Thus, it remains to be examined
whether, with both word-length and articulatory suppression
effects, input processes remain separate from maintenance and
output processes.

Table 22. Mean (SD) viewing times (ms) for 1-syllable and 2-syllable words for both the control and
articulatory suppression conditions in Experiment 4 (N = 17).

Viewing time

Control
1-syllable 2513 (2217)
2-syllable 2766 (2585)
Articulatory suppression
1-syllable 2493 (2501)
2-syllable 2691 (2870)

A second feature of the viewing times in Experiment 4 was
that again the standard deviations were quite 1large. The
minimum viewing times across all conditions ranged from 556
ms to 641 ms and the maximum from 8,211 ms to 11,294 ms. As
with data in Experiment 3, it was again not practical to
remove any especially long viewing times as there would have
then been too few cases to analyse. These large deviations
beg the question of what participants are doing during these
long viewing times, an issue that will be returned to in
Experiment 6.
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On-ine meta-memory: Pre-estimates of recall in any serial position

Because there was no word-length effect in the present
Experiment 4, it could not be expected that pre-estimates
would indicate one, as they did not. Thus, Hypothesis 3.1
could not be directly addressed. As can be seen from Table
23, persons did predict the detrimental effect of
articulatory suppression on their recall, F(1,17) = 3.08, p =
.097, MSE = 2.05, although only at a statistical trend level.
So, although 1less convincingly than in the previous three
experiments, persons in Experiment 4 were able to predict the
pattern or effect of articulatory suppression on their
recall.

Table 23. Mean (SD) pre-estimates of recall in any serial position for 1-syllable and 2-syllable
words for both the control and articulatory suppression conditions in Experiment 4 (N = 18).

Pre-estimates

Control
1-syllable 4.30 (1.00)
2-syllable 4.37 (1.02)
Articulatory suppression
1-syllable 3.57 (1.11)
2-syllable 3.65 (1.05)

When the relationship between pre-estimates and recall in any
serial position was examined, in all but one instance 1in
which confidence was only a statistical trend 1level, pre-
estimates were all significantly related to recall.
Specifically, there was a statistically significant
relationship at p < .05 found between pre-estimates and
performance measures for 1l-syllable words in the control
condition, RZ2 = .28, F(1,15) = 5.86, MSpesidual = 0-44. There
was also a significant relationship at p < .05 between pre-
estimates and performance measures for 1l1l-syllable and for 2-
syllable words in the articulatory suppression condition, RZ2
= .50, F(1,15) = 15.01, MSpgsidual = ©0-46, and R2 = .31,
F(1,15) = 6.88, MSresidual = 0.64, respectively. So, although
there was no word-length effect in Experiment 4, hence
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precluding direct examination of the relationship between
pre-estimates and recall, there were nonetheless some
interesting results. Again, the data showed that both the
pattern and relationship of pre-estimates to recall was such
that it could be concluded that persons were monitoring their
working memory, at least in a general manner.

Discussion

The main result of Experiment 4 is that, even without a
concurrent operation, such as sentence verification, the
word-length effect was not replicated. Thus, it also seems
unlikely that a word-length effect was absent in Experiment 2
solely because the experimental task involved a concurrent
operation. While this absence of a word-length effect is
perplexing, it is also encouraging as there clearly remains a
basis to try to integrate both qualitative/structural and
quantitative/process models of working memory. That is,
because the absence of a word-length effect was not
demonstrated as due to a concurrent operation, there is no
basis to conclude that a word-length effect might not occur
in both simple-span and complex-span tasks.

Notwithstanding the failure of Experiment 4 to find a word-
length effect, consideration of the results of Experiment 4
in terms of Postulates 1 to 3 of this dissertation achieves
three functions. First, reasons for a failure to replicate a
word-length effect are explored. Second, the utility of a
multi-dimensional assessment of working memory is replicated.
And third, persons are again shown to be able to monitor

general working memory performance.

Postulate 1: Demonstrating the word-length effect in a simple-span task

Experiment 4 generally failed to provide any support for the
first postulate that predicts that a word-length effect ought
to be present in both simple-span and complex-span tasks.
However, while the word-length effect was absent in the
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complex-span task in Experiment 2, it was also absent in the
simple-span task in Experiment 4. From this, the data in
Experiment 4 suggest that the dimension encompassed by
including a concurrent operation in addition to a span
component is not responsible for the absence of the word-
length effect.

This conclusion forces one to consider other explanations for
why a word-length effect has not been replicated. One
possible explanation for the 1lack of word-length effects
might be that the task was participant-paced. This
explanation is supported by the large variability in viewing
times. Participant-pacing allowed participants to choose the
amount of time to spend rehearsing a wOrd, and presumably
forming the best memory possible. Some research has used
self-paced presentation of a complex-span task and produced
data with a word-length effect (La Pointe & Engle, 1990).
However, given that the typical mode of presentation in which
word-length effects are demonstrated is an experimenter-paced
mode (e.g., Baddeley, et al., 1984; Baddeley, et al., 1975),
it is clearly important to check whether pacing of stimuli
exerts an influence on the word-length effect and hence the
Articulatory Rehearsal Process.

A second reason for the absence of a word-length effect might
be a lack of experimental power. One effect that a lack of
power may have had was that the difference between 1l-syllable
and 2-syllable words might have been insufficient to produce
word-length effects. This is the issue of treatment effects.
Unfortunately, an analysis of power could not be performed
for Experiment 4 because the mean sum of squares for the
effect of word-length was smaller than the mean square error
term. The formula for calculating power (Keppel, 1982) is
only effective when the mean square of the effect is greater

than the mean square error.

In summary, while it is impossible to state from the data in
Experiment 4 why the word-length effect has been absent, it
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is possible that participant-pacing and a loss of statistical
power may be contributing factors.

postulate 2: Measures of order and processing time in differentially defining
working memory

Experiment 4 has continued to add information about Postulate
2 (p. 88) which asserts that measures of order and
processing, in addition to content, are useful in
conceptualizing working memory dimensions more effectively.

Experiment 4 showed that articulatory suppression increased
order errors. This result was unexpected as it had been
suggested from Experiments 1 to 3 that articulatory
suppression, a process blocking the rehearsal of items in the
Articulatory Rehearsal Process, acted only on item content.
From Experiment 4, it would seem that order information may
not be as separate from the Articulatory Rehearsal Process as
first proposed, although the data are clearly in need of
replication when a word-length effect is present.

Also, Experiment 4 showed that articulatory suppression had
no effect on viewing time at input, and by implication the
Articulatory Rehearsal Process appears unrelated to
processing time. This is an important result and confirms the
results from Experiments 1 and 2 of the present series. This
result also casts doubt on the theoretical validity of the
surprising result in Experiment 3 where viewing times
increased with articulatory suppression. Thus, Experiment 4
continues to provide converging evidence that input and
rehearsal processes may be separate from output processes
(Cowan, 1992; Cowan, et al., 1992).

Postulate 3: Monitoring working memory

Finally, Experiment 4 continues to show that on-line meta-
memory for operation of working memory in general is
moderately accurate. Also, persons appear able to predict the

deleterious effect of articulatory suppression on recall.
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These results will be considered below, along with results
from Experiment 3.

SUMMARY

Experiments 3 and 4 were conducted to examine whether the
absence of either the phonological similarity or the word-
length effect in Experiments 1 and 2, using a complex-span
task, was due to the interfering effect of the sentence
verification procedure. The general conclusion is that the
concurrent operation is not 1likely to be the reason that
those effects were not replicated in Experiments 1 and 2.
This conclusion means that the question remains open as to
whether qualitative effects (phonological similarity and
word-length) can co-exist in the definition of working memory
which 1is described as having both a span and operation
component. Thus, while Experiments 1 to 4 do not allow
acceptance of the assertion that aspects of the
qualitative/structural model also occur in the
quantitative/process model of working memory, the results do
not falsify Postulate 1 either.

Utilizing Dimensions of Order and Processing Time in Addition to Content
Information

In Experiment 3, order information was again shown to be less
well recalled with phonologically similar than with
phonologically dissimilar items. In contrast, order
information in Experiment 4 was independent of the length of
the words. The implication of these results is that the
phonological similarity and word-length effects might operate
differently in respect of order information, and thus suggest
that perhaps the Phonological Store and Articulatory
Rehearsal Process can be dissociated using a measure of order

information.

In Experiments 3 and 4, the impact of increased viewing times
on any of the other measures of working memory appeared to be
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minimal. Viewing time as a measure of processing time is
increasingly seeming more vague, if not irrelevant, to the
concept of working memory. Could it be that, provided a
person operates within a set of parameters (a minimum and
maximum viewing time), that working memory can operate
equally effectively? If this is so, then what is the role of
processing time in the operation of working memory? Perhaps
more fundamentally, what is processing time? The data
gathered thus far do not allow answers to these questions.
However, these questions will be borne in mind as the present
research proceeds. In conclusion, Experiments 3 and 4
continue to provide evidence for the utility of taking
measures of different working memory dimensions and thus
support Postulate 2.

Meta-memory for Working Memory

Finally, Experiments 3 and 4 have again demonstrated that
persons are able to accurately predict their own working
memory performance at a general level. In addition, persons
were also sufficiently sensitive to predict the effect of
articulatory suppression on that recall. Although it was
disappointing to not be able to directly examine whether
persons were monitoring specific working memory processes
because both the phonological similarity and word-length
effects were unreplicated in Experiments 3 and 4, these same
experiments did replicate the effects found in Experiments 1
and 2 regarding on-line meta-memory. Thus, in considering
Experiments 1 to 4, one is able to advance the claim that
persons do indeed appear to possess meta-memory for their
general working memory and that persons possess meta-memory
for the deleterious effect of articulatory suppression on
their working memory.

It now remains to be examined whether this ability to monitor
one’s working memory includes the ability to monitor
qualitative processes such as the phonological similarity and
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word-length effects. To do this, one must of course have data
in which performance measures also demonstrate phonological
similarity and word-length effects. However, with the results
from Experiments 1 to 4, there exists a set of replicated
results which can be built upon in succeeding research.

At this point one can speculate that if the effect of
articulatory suppression on content information is assumed to
indicate the operation of the Articulatory Rehearsal Process,
then it does seem that changes in the operation of the
Articulatory Rehearsal Process might be able to be actively
monitored. To examine this assertion further, there does need
to be a clear replication of the word-length effect and a
concurrent demonstration of accurate monitoring of that
effect, as the Articulatory Rehearsal Process can