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ABSTRACT

This investigation reports an experimental study of
the interaction between children manifesting different cogni-
tive styles (descriptive, categorical and relational) and two
instructional methods (rule-explained, and rule-derived).

The subjects for the experiment were 120 high-scorers (stanine
7+) on the specially-constructed cognitive style instrument.
Equal numbers of Form I girls and toys were randomly assigned
to four groups in two experimental conditions. With sex,
cognitive style and method the ma jor indenendent factors, the
basic cell in the factoriel de=ign comprised five pupils.
Teachers were added as a control, and with obJjectives and
occasione of testing being measured =cross all pupils, the
full desigzn became a seven-variable one, pupils being the
doubly-crosced nested factor.

The concepts and principles of stability were taught
to the four groups of thirty children, over two class periods
totalling one hundred minutes. The specially-trained experi-
mental teachers taught two classes each, one by Method R.F.,
the other by Method R.D. Control methods included random
assignment, the crossing of time, order and place of teaching,
and the equating of time and content. Four dependent measures
were constructed to assess pupil performance at two levels of
objectives, knowledge and understanding, and application-
transfer. Administered by the one tester in the school hall
to all subjects, on two occasions (the day following the
experimental teaching and fourteen days later), the four tests
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provided measures of initial learning, transfer, retention and
delayed-application-transfer.

The ma jor interaction hypotheses postulated a higher
mean score for "descriptive” children after Treatment R.D.,
and a higher mean score for "relational” children after Treat-
ment 2,%. Veither hypothesis was supported by the data. Iow-
ever, significant sex differences in cognitive style were
observed. Roys tended to meke more deseriptive responses than
girls at this age, while girls tended to make more relaticnal
responses than d4id the boys. Treatment R.E., an expository
procedure, led to higher initial learning and retention scores
than did Treatment R.D., but scores an the application-transfer
tests did not Aiffer significantly. Relative scorese, however,
displayed a contrasting pattern between the two method groups.
The mean scores of the 1,%, group for the three tests follow-
ing the first test sdministered, were all below the measure
of initial learning, whereas the reverse pattern was evident
for the R.D. group.

Further examination of the data for each of the
dependent meassures by means of four-way analyses Of variance
and of cowvarisnce, was carried out. Vhile these procedures
provided additiocnal evidence, certein limitations in the
experiment and in the instruments used cqualified the findings.
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CHAPTER I

THE RESEARCH ISSUE

INTRODUCTION.

This investigation reports an experimental study of
the interaction between children manifesting different
cognitive styles, and two instructional methods.

The cognitive style variable was assumed to be an
individual difference factor which would interact differen-
tially with teaching procedures to generate different levels
of learning, and different cutcomes. The two instructional
methods chosen as interacting independent variables possess
a substantial research and theoretical literature, claims and
comnter-claims for the advantages of eech having been a
feature of the diaslogues in educational psychology for many
years. The teaching methods and the cognitive styles studied
are cognate to the extent that each is concerned with the
conceptual activities of children. The content of the experi-
mental lessons, related to but not part of the current New
Zealand science curriculum for Forms I to IV, involved
concepts and principles.

The interactions between the three cognitive modes
and the two instructional methods were expected to be complex.
Not only were differential interactions anticipated between
methods and styles, and with the sex of pupils, but, further-
more, the two methods were expected to promote different
outcomes irrespective of style.
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THE PROBLEK

"I suggest that we set out to invent interactions.
Specifically, we ought to take a differential
variable we think promising and design altermative
treatments to interact with that variable.”

(Cronbach, 1967, p«32).

"The guestion of how people differ in the rate,
extent, style, and quality of their learning is one which
has ccncerned psychologists for a great many years," observed
R.i. Cagné (1967, p.xi) in his introduction to a conference
on Learning and Individual Differences. In further introduc-
tory comments, he stated "It appears that for many years the
tradition of intelligence testing seems to have cast an
obscuring shadow ower the whole enterprise.” While claiming
that considerable advances have been made in our knowledge
of learning, its varieties and conditions, over the las%
decade, Gagné doubted whether similar gains in our under-
standing (and presumably treatment) of individual differences
have been achieved.

Cronbach (1967, p.23) later during the Conference,
almost in direct response to Gama(, proposed a research
strategy to examine the problem of instructional methods and
individual differences, and pointed ocut that his approach
called for "a new psychological theory of aptitude."

"1 presume that an individual has a greater aptitude

for learninge.......from one wlithod of teaching than

from another méthod that is equally good on average.

Aptitude, pragmatically, inciudes whatever promotes

the child's survival in a particular educatiocnal

environment, and it may have as much to do with
styles of thought and with personality variables as

with the abilities covered in conventional tests."
(Cronbach, ibid.)
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Cognitive style may well be a "promising differential
variable" or "aptitude". De Cecco (1968, p.75) regards some
of these styles as "learning styles...s....personal ways in
which individuals process information in the course of
learning new concepts and principles", and cites conceptual
tempo (Kagan and associates, 1964, 1965 and 1966) and selec-
tion strategies (Bruner et al., 1956) as two examples of
learning style which will interact with teaching procedures
whose "obJjectives involve the learning of concepts and pria-
ciples, and problem solving." These two patterns of function-
ing are considered by De Cecco as having maay similarities in
the wvay they influence individual learning.

Harvey, Hunt and Schroder (1961 ) postulate tanat
training conditions will interact differentially with the
conceptual systems of individual learncrs to producs either
progression or arrestation. Furthermore, their definition
of concept (ibid., pp.1=8) is such that cognitive style may
reasonably be subsumed within such "subJect-object ties",
"experiential filters through which im»inging events are
screened, gauged and evaluated", and "organisational proper-
ties that are not restricted to any particular referent
object, but might be directed toward any odject."” Their
particular "theoretical formulation seems especially useful
because it gives emphasis to cognitive factors (clearly of
relevance to a formal learning situation and its outcomes)
but also because it does not in the usual way retain the
dichotomy between affect and cognition."” (Garrett, 1969,
p.12). Nevertheless, the very eclecticism and comprehensive
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generality of this position with its integrating of the
findings &ud theories of Piaget and Wermer, Kelly, Heider,
Berlyne, Gesell, Festinger, Erikson, Goldstein and Scheerer,
necessitates a restriction to a particular cognitive
construct.

The Kagan (1963, p.76) construct with its tripartite
classification, "analytic-descriptive”, "inferential-
categorical’, "relational", has a body of literature indica-
ting increasing researc. support. Its orientation dirfers
from a number of well=known style constructs.

"thile Witkin (1962) and Gardner (1959) have stressed

perceptual tasks, Kagan has concentrated mostly on

conceptual activities, particularly in children.”

(Holtzman, 1966, P.125
Consequently, it would appear that the cognitive style here
discussed is an especially appropriate individual variable
to consider in interaction with instructional methods directed
towards cognitive objectives. It has further been at least
partially demonstrated that the style construct has correlates
with reflective-implusive behaviour (Kagan et al., 1963, 1964,
1966; Sigel et al., 1967), with sex differences (Kagan et al.,
1963; sigel et al., 1967), with attending behaviour (Blum
and Adcock, 1968; Sigel et al., 1967; Kagan and Rosman, 1964),
with concept-learning tasks (Kagan et al., 1966 Lee, Kagan
and Rabson, 1963), and with reading performance (Kagan, 1965),
among other school-relevant and learning behaviour. Lawrence's
(1967, p+107) cauticnary note and comments seem well worth
c¢iting here:

"As yet the evidence is strongly suggestive rather
than compélling, but it points to the possibility
that there are identifiable cognitive styles or
strategies which distinguish the modes of approach
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of individuals to a variety of cognitive tasks .eeces

Suech styles are manifestations of consistent modes

of cognitive organisation and appear to be related

to other aspects of the individual's functioning,

Selatinnanize oF b AMA11's vArYient poarect

Gage (1964, pp.268-285) argues persuasively that
cognitive learning tasks and objectives imply the use of
strategies (Smith et al., 1967, p.1) based on cognitive
learning theory. While there may be a danger in assuming
definitive one-to-one relationships between objectives and
methods, and making, in an extended Rylean sense, category
mistakes, there is a plausibility in Gage's case. At the
same time it is apparent that cognitive learning theory,
sonmewhat like "teaching"”, is a polymorphous concept, inclu-
ding within the one generic term diverse referents. For
example, meaningful reception learning (Ausubel, 1963
Carroll, 1964) iz sometimes assumed to be the antithesis of
discovery learning (Bruner, 1961; Kersh and wittrock, 1962;
Suchman, 1966; wittroeck, 19634) by teachers and, on occasion,
by some writers (Hendrix, 1961). Rather than representing a
Dewey~decried "either-or" dichotomy, it may well be that each
theory provides an explanation of differeant learning outcomes
for different children. Because of the practical and theo-
retical educational significance, and the research interest
generated by each, the alternative treatments employed in
this study will be forms of expository teaching (Ausubel,
19635 p.19) and guided discovery (Wittrock, 1963; Gagné and
Brown, 1961).

Cronbach (1967, pe«23) has stated the essence of the
problem. HMore directly in the terms of this investigation
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the problem can be posed as the following question. "Will
girls and boys manifesting different cognitive styles
achieve different outcomes as a consequence of two different
teaching strategies (Taba, 1963), 'guided discovery' (prin-
ciple derived) and 'expository' (principle given) teaching?"
A number of sub=-problems emerge in considering the educa-

tional significence of the problem.

EDUCATIONAL SIGNIFICANCE.

The educational significance of individual differences
is well-nigh axiomatic. Mussen (1965, p.129) argues that
important characteristics of learners are children's "available
cognitive structures" (Ausubel, 1968), or what Cronbach (1965)
has termed "symbolic systems at command", and that research
is needed on cognitive style, perceptual modes and abilities,
typical categories, characteristic concepts and modes of
thought of children at different ages. "While personalized

teaching" Mussen continues, "may be impracticable, it is at

east eoretiecal ossible at the most efficie ea
methods are those congruent with learners' cognitive styles."

(Underlining not in original).

Bruner (1966) suggests that "predispositions for
learning" should be a priority variable in any theory of
instruction, and while he does not deal specifically in this
context with cognitive style, much of his work implies that
he would include it. (Bruner et al., 1956; Bruner and Olver,
1963; Bruner and Tajfel, 1961). It seems likely that Piaget's
theory of cognitive adaptation (Gagné, 1968) would imply con-



sideration of a "match" (Hunt, 1961) between the stage of
intellectual functioning and the task, and as Werner (Harris,
1956) suggests, "stage" implies both gualitative and quanti-
tative change.

Methods-research outcomes have of'ten been inconclusive,
and for many possible reasons: operational definitions wvary
from study to study; criterion measures vary with experimental
treatments; assumptions about subjects vary; so do the tasks,
research designs and theoretical orientations. A basic fac-
tor contributing to the inconclusiveness is suggested by
McKeachie (1961, p.111):

"Students who profit from one method may do poorly in

another, while other students may do poorly in the

first method and well in the second. V‘hen we average
them together we find little overall difference

between methods."

+hile it is not clear that procedures were held constant,
and that it was not a teaching effect that made the difference,
Heil, Powell and Feifer (1960, 1961) demonstrated that diff-
erent kinds of teachers had different effects with different
kinds of children.

It is felt, therefore, that this study may provide some
clues to "learning styles", and to teaching methods which may
be appropriate to thnem. Further consideration will be given
to a dialogue of established educational importance, by em-
ploying variants of discovery and expositional methods in
relationship to instructional objectives. A collateral pro-
duct of the study will be data on the cognitive style of a
group of New Zealand school children as distinct from children
in the North American culture. Another claim to educational

worthwhileness in this study lies in the Jjuxtapositioning of
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the chosen cognitive style dimension and these two instruc-
tional methods in particular; a survey of the literature
indicates that this is a new venture.

while investigation in near naturalistic settings
are inevitably compromised by the multitude of wvariaoles
(Campbelil and Stanley, in Gage, 1963), and while we possess
as yet no theory of teaching (Gage, 1964), nor does the
educational psychology of learning provide ungualified guid-
ance (Gagné, 19623 Hill, 1963} Hilgard, 1964), the practical
exigencies of schooling demand that some attempt be made to
locate important factors in teaching. (Tilton, 1951, p./7;
Scandura, 1964, p.149).



e

"The general view that cognitive functioning can be
understood gqualitatively as well as guantitatively," writes
Cropley (1969, p.5), "is now well established in the notion
of 'cognitive style' (Ausubel and Ausubel, 19663 Witkin et
al., 1954) and patterning of styles (Gardner, 1964)."

The Apnual Review of Psychology (Klein et al., 1967, pp.508-
518) provides an imposing survey, and Ausubel (1968, p.171)
enumerates almost two dogen named modes of cognitive func-
tioning without listing any of thosc subsumed in studies of
creativity. It is obviously premature and presumptuous to
attempt any synoptic sweep in the hope of establishing
relationships among those which have been studied to date.
Nevertheless, many writers will agree to a considerable
extent on & broad description of cognitive style as referring
to "self consistent and enduring individual differences in
cognitive organisation and functioning." (Ausubel, 1968,
pe170).

Holtzman points out that the style dimensions "tend
to be rather elusive, turning up in different configurations",
that "their appearance as stable factors with the possible
exception of Witkin's field-dependency construct, has not
been cloarI} demonstrated”, and that operational definitions
and measures vary from investigator to investigator.
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"And yet at the same time one cannot deny their

existence as potentially important aspects of

mental functioning that merit further, more

extensive study." (Holtgzman, 1966, p
It is apparent, Holtzman further argues, that there are
similarities in the theoretical concepts and research
strategies of Witkin, Cardner and Kegan. Wallach (1962)
has commented, in similar vein, that all three stress the
general concept of active analytic versus passive global
cognitive functioning.

However, even such integrative generalisations
require qualification. Holtzman himself wrote "While Witkin
and Cardner heve stressed perceptual tasks, Kagan has con-
centrated mostly on conceptual activities, particularly in
children." (1966, p.12). And Wallach, in association with
Kogan (1965), demonstrated that global or "thematic" func-
tioning need not be passive at 2ll, that it may, indeed did
in thelr investigations, correlate with some measures of
ereativity. It nevertheless does seem, in spite of quite
real differences, that there is & c:nsiderable degree of
overlep between the theoretical constructs. The overlap is
continued in such behaviocural correlates as @esponse delay,
impulse control, and cue dependency, as well as the sex
differences reported in the accounts of the studies of
witkin, Cardner and Kagen. (cf. Wright and Kagan, 1963).

There appears to be considerable Justification, then,
in concentrating on the Kagan analytic-categorical-relational
dimension, with its associated reflective-impulsive syndrome,

and considering other constructs only where they seem relevant.
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This is not to assume any final definitiveness in the
findings, or that the dimension is necessarily unitary or

a single continuum; the evidence of sex differences alone
would pfeclude such an assertion. Some confidence in this
course of action is provided by the fact that a number of
educational psychologists representing somewhat different
schools of thought regard the Kagan cognitive style construct
as having direct relevance to teaching and learning (Mussen,
1965; Cronbach, 1965; Gordon, 1966; Ausubel, 1968; de Ceececo,
1968).

The origins of cognitive style remain unresolved,
and, as might be exvected, support for both genic and exper-
iential factors may be found. (/itki: et al., 1962; Kagan
and Garn, 1963; Bing, 1963; Kegan and Lewis, 1965; Hess and
Shipman, 1965; Yaccoby, 1967). In the present state of the
art an interaction thesis appears recasonable. While dispo-
sitional factors undoubtedly eperateg a number of psycho-
socio-cultural factors seem important.

Bing (1963), studying the differences in the child-
rearing practices ~f sixty mothers, and in their behaviour
with their children, in relation to differences in the
children's cognitive development, found that:

"discrepant verbal ability appears to be fostered by

a close relationship with 2 demanding and somewhat

intrusive mother, while discrepant non verbal abil-

ities are enhanced by allowing the child a considerable

degree of freedom to experiment on his own." (p.647).

This conclusion is interesting when sex differences
in verbal and numerical abilities are considered, However,

there are other interesting pointers in Bing's study:
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"The verbal interchanges between child and mother
seem to produce some intervening conditions which
enhance verbal more than number or spatial per-
formance." (p.646).

The role of language in cognitive development remains
a fleld of speculation, and the conceptual mode under discus-
sion is no exception. Hess and Shipman (1965) found status
differences in concept utilisation using a figure sort with
the Kagan mode of clagsification. These parallelled the
soclal-gstatus differences found in the same sample in regard
to verbal codes categorised after Bernstein, as well as
verson-oriented versus status-oriented control systems.
Further status differences were found in maternal teaching
style. The marked relationship between these social status
factors and the cognitive styles of the children of the one
hundred and sixty-three Negro mothers is explained by the
investigators' conclusion:

"The gross differences appeared in the verbal and

cognitive environments that they (the mothers)

presented." (p.59).

Tentatively one might conjecture that the relatively
lower reliability figures for the inferential-categorical
mode, which appears to depend in part upon language conven-
tions, might be related to the respondent's verbal code.

It i1s also likely that boys' preferences for science and
mathematics are linked with child-rearing practices as well
as cultural-social expectations and sex-typing consequences.

A consistent finding from the studies of Jerome Kagan
and his colleagues, although not unique to them (Witkin, 1962),
is that there are significant sex differences in conceptual

style (Kagen et al., 1963; 1964; Sigel, 1967). 8&igel's (1967,
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p.3) sumnary is appropriate and succinect:
"Developmental trends from cross-sections and
longitudinal studies with elementary school children
indicate that descriptive part-whole and categorical-
inferential responses increasse in frequency with age,
while relational-contextual responses tend to decrease
with age. Poys show a greater rate of increase than
girls in use of deperiptive part-whole responses,
while relational-contextual responses decrease for
both sexes. Boys and girls increase in the use of
categorical-inferential labelling, but girls show
greater increases than boys. (Kagan et al., 1963;
Sigel, 1965)".
In the early reports (Kagan et al., 1963, p.89), confirming
evidence was noted in the sex-different stability coefficients
based on a test-retest of the conceptual styles test, with a
twelve month interval as the children moved through grade
three to grade four. The analytic responses showed little
change for girls (r= ,70; p=<.001), while the nonanalytic
mode for boys reflected more than mcdest stability. (r = .643
p==.001). The differences reported are not confined to the
test instruments, and were observed in a number of behaviour
patterns; for example, error scores in a learning task with
geometric stimuli were more frequent for girls than for boys.
Kagan claims (p.97):
"The greater number of figure errors for girls, in
contrast to boys, is cancordant with their tonﬁoncy
to give fewer analytic responses on our tests and
with Witkin's fin s that girls are more field-
dependent than boys.
There may be in this claim some confounding of two slightly
different uses of the word "analytic", and of spatial ability
with preferred mode. Nevertheless, the evidence for different
patterns of cognitive style between male and female is con-

vineing in toto. At the same time, it seems likely that the
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distinctions are not simple, as Kagan (1963) indiceted in
reply to Wallach:

"The analytic attitude appears to be multidimensional

and multiply-determined. Tor example, analytic res-

ponses are of different significance in girls and

boys." (p.123).

A variable which has been ascocinted with the partic-
ular conceptual mode being considered has been thst of delay.
Analytic children, also considered reflective in conceptual
tempo, suggests ¥agan, tend to withhold response until they
have evaluated the risk in alternative answers. OCthers
(impulsives) who make relational responses on conceptual
styles tests, choose quickly and with less thorough evalu-
ation of the various possibilities. Ward (1968, pp.867-
868) wrote:

“For children in the early school years, this

responac style (i.e. to delay) predicts a number

of errams on teste of inductive reasoning (Kagan,

Pearson and ‘ielech, 1966) and of word reading

(Kagan, 1965) as well as preference for analytic

as opposed to thematic groupings on the Conceptual

Style Test (RKagan, Moss and Sigel, 1963)."

Ward tested the postulation (Kagan et al., 196l, p.34) that
the impulsive child was avoiding anxiety stress ¥y responding
quickly, and found that impulsive children, after deing in-
formed of error, responded subsequently with greater delay.
"Impulsive children were thus more responsive to evaluational
cues", Ward concluded (1968, p.873), in reference to the
five-year-0ld children studied. "ard agreed with Kagan
(Kagan et al., 1964, pp.33-34) thet longer response times
might be "due to greater involvement and desire to do well

on intellectunl tasks, and that cognitive impulsivity is one
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instance of a broader syndrome which includes high motor
activity and short attention span.” In this investigation,
no effects were found of the child's age, sex or intelligence.
The final statement Ward provides on his data, questions one
earlier Kagan interpretation.

"They meke it clear, however, that situstional

varisbles as well as factors intrinsic to the child

play a role in effecting reflective or impulsive

behaviour." (p.873).

This is not entirely surprising, for as Sigel (1967)
points out, style is a "preferential mode of categorisation
expressed in a situation where alternatives are possible.”
(pe2). Wachtel (1968) in an empirical investigation of the
relation between the dimensions studied by Kagan and Witkin,
as & replication of Messick and Fritzky's (1963) study,
employed & group embedded-figures test and a figure sorting
task with a design variation task as a criterion measure.

The field-independent male psychology students showed general
superiority over field-dependent students in identifying part
aspects, were superior in verbal intel ligence measures

(t = 2,48; p=402) and on the criterion task (F = 23.21;
p=—+001). It would appear, Wachtel reports (p.207), that a
common capacity, independent of verbal intelligence, which
was covaried in the analysis of variance, underlies perfor-
mance on the embedded-figures test and on the design veriations
task. However, there was little evidence for any relation
between the style of categorisation and performance on the
earlier criterion task, or on the embedded~figures test.
Witkin et al. (1962) indicated that the analytic character-
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istic of field-independents is a specific superiority in
extracting items from an embedding context, rather than

a general responding to discrete vortions of a stimulus.
TFactor analytic studies by Karp (1963) and others have
lent support to this interpretation. "achtel's conclusions
(p.209) are that the two measures represent different as-
pects of snalytic functioning, that while Witkin's tests
"measure a subject's capacity', Kegan's tests measure

"a gtylistic preference". (Italies in original). If this
is so, it provides additional support to Sigel's comments
and to Ward's summation. It would also account for same
of the variaticns repcrted in other studies where instru-
nments of a demand nature rather than those presenting
alternative possibilities have been used. ''here overlaps
between responses on "itkin's tests and the conceptual
styles test are found, they vrobably reflect the relation-
ship between perceptual and cognitive processes discussed
by Ausubel (1965).

"hile situational factore can be expected to interact
with stylistic preferences for information processing, these
conceptual modes do appear to become increassingly stable,
and are not always susceptible to much modification (ef.
Yando and Kagan, 1966). Two particular accounts in the
literature are relevant to this point. Kagan, Pearson and
Weleh (1966) attempted to answer the two questions:

Can an impulsive attitude be modified through direct

training in reflect ion?
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Is there any training advantage when the child
initially perceives some basis of similarity to the
trainer?
While the training procedures did produce larger response
latencies among impulsive children, and the tendency to delay
did generalise to an adult other than the trainer, no signif-
icant change was observed i» the number of errors made, nor
was generaligsation to an inductive reasoning test found.
Eawards (1962) tried to evaluate the effects of instruction
in categorising on a modified conceptual styles test. The
Tirst grede boys involved in the investigation were assigned
by three I.0. levels (Pintner-Cumingham) to one of three
conditions - prompted, unprompted or control. It is noted
that Fdwards' interest seems to be focussed mainly on the
number of responses. The subjects in both treatment groups
made significantly more categorisations than the control
group, and olso made more analytic and inferential-categorical
responses. However, change scores are not reported, nor is
it stated whether the modified response pattern was stable
over time. The unprompted group, for example, performed as
well as the prompted insofar as total categorisations and use
of analytic and categorical-inferential responses were con-
cerned. FEdwards states (p.1h2):
"From these data, then, children who are reguired to
categorise dhaecis on iheir own do as well or better
when clsésifying new objects than children who are
given intensive cues suggesting reasons for metching
objects.”
An inspection of the results indicates that the unprompted

group made more relational responses than did the prompted
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group, maintaining e similar pattern across categories to
the control group. It is in the categorical-inferential
mode that the prompted group seems to have gained, If this
is indeed so, it may reflect a language effect as suggested
earlier in this review.

Two other conclusions drawn by Fdwards seem relevant
to this discussion of Kagan'e hypothetical construct. A
significant poeitive correlation (r = 363 pe—sO1) found
between inferential-categorical and relational responses
with these subjects, and this, together with Wallach's and
Kogan'e (1965) report that boys high in both intelligence
and creativity exhibited a balanced usage of relational and
inferential-categorical reasons when grouping, Fdwards inter-
prete as throwing doubt on the unidimensionality of relational
concept preferences as posited by Kagan et al., (1963). It is
possible that the categorical-inferential mode, however, is
the more complex. Fdwards reports that intellectual ability
was related to the frequency of categorical-inferential con-
cepts employed to classify objects on his eriterion test, a
finding supported in Wallach and Kogan's (1965) study, whereas
I.Q0. was not related to the number of relational or analytic
concepts employed in categorising objects in either study.
In each case it must be noted the subjects were boys. A
different pattern emerges when the relationship between cate-
gorising preferences and general intellectual sbility for
girls is considered.

Sigel (1967, p.3) summarises some of the data:
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"Relationship between styles of categorisation and

T.0. (California Mental Maturity Scale) has been

assessed in a number of studies. For the deserip-

tive part-whole approach, significant relationships
have been found with performance I.0. for boys only;

relational-contextual lsbelling was negatively .

related to verbal and performance I.Q. for the boys

and girls, but significantly negative only for
performance and full-scale I.0. for boys, but

showed strong trends in relation to T7.Q. for girls

(Kagan et al., 1963). Categorical-inferential

labels were significantly associnted with verbal

and performance I.Q9. for boys, but only trends are

evident for the girls. The relationships with T.0.,

then, are contingent on sex of the respondent, as

well as whether the I.0. is verbal or performance.'
It seems likely that some of the discrepancies in the
literature in regard to general abilities and conceptual
style are associated with somewhat differing measures of
both categorising preferences and intelligence, confounded
by sex and age, or developmental level. Although Wachtel
(1968) argues for a distinction between capacity and style,
therc 1s no necessary bifurcation between level of intellec-
tual functioning and mode; both Cropley (1969) and Holtzman
(1966) postulate a developmental interaction, Nevertheless,
the research reports and the theoretical literature incline
the balance of evidence towards the view that the cognitive
style preferences under discussion have shown temporal stab-
1lity in individusls and inter-task generality.

The generality is also noted in association with a
number of personality characteristics. For example, descrip-
tive part-whole responses have been "found to be related to
cautiousness, controlled impilse expression, reflectiveness,
independence and eschievememt orientation in boys, while

relational-contextual responses related to impulsivity,
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dependence and anxiety." (Sigel, 1967, p.li). The results for
girls and women over the same domains are equivocal.

This study is concerned with the extent to which
cetegorising preferences are varisbles affecting school
learning. Accordingly, attention is now turned to school-
task-relevant investigations. Kagan, Pearson and Welch (19669
showed that:

"a reflective tendency generalises to inductive-

reasoning tasgks that contain certain response

uncertaintye«..... The impulsive child responds

quickly in situations where inferences are required;

he seems to report the first idea that occurs to

him." (p«594).

In discussing their results the authors offer advice to
teachers, remarking on the requirement of inference from the
child in arithmetic, social studies and science, and, in fact,
any programme which emphasises discovery learning methods of
instruction., A similer conclusion as far ag response uncer-
tainty ‘s concerned is reported in Kagan's (1965) studies of
reflection-impulsivity and reading ahility in primary grade
children. Hypotheses that reflective children, in contrast
to impulsive ones, would make fewer errors in reading Fnglish
words presented singly or in a prose section, were confirmed.
The degree of response uncertainty seems to be a factor in
the situation influencing the extent to which a preferred
mode is employed, for relationships between fast decision
times and reading errors were more clearly apparent with high
verbal subjects than low verbal subjects, for whom the tasks
may have been too difficult to offer alternatives. Kagan

suggests (1965) that discovery approaches, especially where



they involve greaster than usunl cognitive cost, may be
inappropriste, since "impulsive children are apt to settle
on the wrong conclusions in the inferential method, and
become vulnersble to developing feelings of inadeguacy.”
(pe561), Iee et al,(1963) produce further date from the
responses of thirty third-grade boys, identified by means of
the Conceptual Styles Test, to show that those who have a
preference for analytic groupings learn snalytiec concepts
more readily than do non-enalytic boys, who learn relational
concepts with greater ease. The researchers state (p.Ll42):
"These results suggest that the final outcome of a
conceptualisation task is not merely @ function
of the sbility to form associations between stimuli
and responses, or the availability of medistional
labels that are relevant to the content of the class
being formed. Conceptual products are also influenced

by the individusl's preferred focus of attention during
the initial stages of learning.”

"Evidence has been aceruing,” write Blum and Adcock
(1967, p.31) in their selective review of attention and early
learning, "that children attend differently, not only on the
basis of age and sex, but also on the basis of what has become
known a8 'cognitive style'." Attempts have been made to
differentiate between analytic and non-analytic styles with
indices of attention. Kagan and Rosman (1964) found that
cardisc deceleration and respiration variability of analytie
and non-analytic boys differ, as do these rates during periods
of attention and rest., Blum and Adcock continue their review
commenting on attention as a two-faceted phenomenon involving
"both scan and field articulation, depending on the task
involved", and pointing out that "we see from Kagan et al.'s
work that a tendency towards one or other type attentive
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behaviour exists relatively independent of the task require-
ments.” The reviewers note that research by Plum and Broverman
(1967) suprorted this position, and that with the additional
confirmation of Gerdner and Long's (1962) investigation of

scan and field articulation in sixty housewives, it might
"point to the enduring nature of such response or cognitive
styles." (p.32)

An area still lacking the fine edge of precision
concerns the measures which have been used to define cognitive
styles. TFor some studies an array of discrete figures provide
the stimuli, the subject being asked to select groups from
the array; for other studies, a set of triads comprises the
stimulus situation, with the subject selecting two from each
group of three on the basis of perceived similarity.’ The
reasons provided for grouping or selecting are scored according
to criteria; the scores are then coded in the three categories
descriptive-analytic, categorical-irnferential end relational-
contextual. Referring to the triad system, the senior author
(Kegen et al., 1963) expressed the judgement:

"We regard the .,...conceptual style test as & much

better measure of analytic attitude in children than

the free sorting of humen figures." (p.110).

The eriteria for scoring have varied somewhat in detail in
the reports (Kagan et al,, 1963; Wallach and Kogan, 1965;
Sigel, 1967), but have mainteined a general consistency.

The first conceptual styles test was the subject of criticism
on the grounds (Wright and Kegan, 1963) that:

(a) negative correlations between analytic and

relational modes could be test artifacts,and that
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(b) the test was constructed in such a way as to
l1imit the number of categoricel-inferential
responses.

Subsequent studies suggest that the negative correlations
are more likely to reflect actuzl differences in cognitive
style than to be artifacts. In addition, the conceptual
styles test permits subjects to select the same two stimulus
figures from the triad but for reasons which may be coded
under different categories from the tripartite classification.
Furthermore, the number of inferential-categorical responses
may be increased through item construction and selection
following item analysis. Thus, it is suggested, cognitive
style may be defined by a conceptual styles test which pre-
sents triads from which the subject will select pairs accor-
ding to perceived similarity, the reason for each pairing
being stated by the subject and coded by the examiner on the
basis of established criteria. The criteria already estab-
lished (Xagen et al., 1963, 1964; Wallach and Kogan, 1965;
Sigel et al.,, 1967) will guide the coding in this study.

While necessarily selective, the literature and research
studies surveyed provide support for asserting the stability,
generality and educational relevance of Jerome Kagan's cognitive
style construet. The discrepancies between investigations seem
to a large extent to be explicable on the grounds of defining
measures, the age and sex of the subjects, and the nature of
the task, be it demand or one that permitted preference in
choosing among alternatives. The conceptual styles are complex



and multidimensional, but there is a coherence about the
patterns of responses and their correlates which provide

shape for the construct, even if definitive boundaries are

not possible at this stage. The developmental trends observed
in longitudinal studies (Kagan and Moss, 1962), together with
many theoretical postulations (e.g. Piaget, Werner, Vernon,
Witkin, Gardner), imply a progressive differentiation in cog-
nitive functioning such that at any particular "stage'", a
general pattern of preferred categorising might be anticipated
with younger children demonstrating a tendency towards the
global, and older persons demonstrating a more differentiated
mode. To the extent that research endorses this likelihood,
one might argue for the stochastic (Berlyne, 1965) nature of
cognitive style. Certainly, conceptual modes in this sense
have parallels with fector analytic studies of intelligence,
and at the same time with Vernon's (1961) hierarchical view
of "the infinitely varied thinking processes" termed intelli-
gence.

The argument thus far hag tended to emphasise group
trends, but this has not been to deny individual differences
and associated varisbility. Strong motivational factors
(eege 8 need for approval from a demanding teacher) interact-
ing with stylistic preferences in different stimulus situations
are likely to generate some variation from the probabilistic
predictions based on defining measures. The interrelations
of style and motivation are still unresolved. ‘"hile situa-
tional factors, for example, undoubtedly play a part in
deciding the extent to which preferred modes are employed,
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there seems little doubt that individual consistencies in
cognitive style, in turn, influence which stimulus aspects
are selected as a baesls for grouping. Those questions which
persist (e.z. concerning the determinents, the role of lan-
guage, the extent to which the siyles are modifiable, the
stage at which they become stabiligsed and resist change, the
Judgements about the long-term consequences of one rather
than another mode) are the very guestions which persist in
regard to the whole range of human intellectual functioning.
The assumptions underlying a theory of cognitive style
are the assumptions that Paldwin (cited in Kohlberg, 1968,
p.1017) expands in connection with any "cognitive" theory.
This study 1s concerned less with error score or delay in
near-laboratory types of situation than it is with the inter-
action between cognitive style and instructional methods in
a near-naturalistic school situation. Kagan (19655 pp.561-
562) suggeste part of the reason for this:
"There is not only interaction between the psycho-
logical organisation of the child and the method of
presentation, but also between the substantive
content and the method of presentation. It would
seem that contents that are tailored for discovery
leaming are disciplines containing principles that

are usually induced through the proliferation of
hypotheses.”



CHAPTER III

REVIEW OF METHODS: DISCOVERY

SOMF TSSURS.

Discussing "Issues Current in Tducational Psychology',
Cronbach (1965) exposed to critical examination some of the
slogans in regard to discovery and didactic teaching methods,
and revealed the programmatic (Scheffler, 1960) and emotive
nature of many of the definitions of the two terms. The case
for (Bruner, 1961; Hendrix, 1961; Tabe, 1962; Suchman, 1964)
and against (Ausubel, 1961,1963,1968) discovery procedures
has become part of the corpus literarum of educational psychol-
ogy, particularly since 1955. The educational and psychological
rationale of discovery learning has been most elogquently stated
by Bruner (1961), who sees the benefits in terms of increased
intellectual potency, intrinsic motivation, improved tech-
niques or heuristics of problem solving and enquiry, more
personal meaning through involvement, more generic learning
to promote retention and transfer power and in its contribution
to such major educational goals as problem-solving ability,
sutonomy and learning-how-to-learn.

After a close scrutiny of the research and writing,
Ausubel (1968, pp.472-473) summarised what he considered "the
legitimate claims, the defensible uses, and the palpable
advantages of the discovery method". Among these warranted
claims were counted advantages for children in the concrete-
operational stage of development; for learning tasks where
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concrete-empirical experience is 2 pre-requisite to meaning,
or where the task 1s difficult and unfamiliar; as a means

of evaluating hypothesis-masking, problem-solving skills and
desireble attitudes towards inquiry and the scientific method.
Masubel concludes:

"Finally e..... 1t still seems plausible to suppose

that the greater effort, motivation, excitement and

vividness associated with independent discovery lead
to somewhat greater learning and retention. One

might expect the advantages conferred by discovery

franetarrabiiity.eres.l (aie) T oopect €0

Augubel's main eriticisms of the discovery hypothesis
(vittrock, 1966), apart from his rejection of many extravagant
claime (e.g. Hendrix, 1961), are twofold. He questions the
appropriateness of the method for transmitting the substantive
content of a discipline to cognitively mature students, and
he questions the reletive efficiency of the method in achie-
ving cognitive goals (concepts and prineiples) which might
be as effectively learned through expository teaching in less
time and with less cognitive cost.

The very words 'discovery' and ‘'exposition' tempt
proponents to raise positional banners, and Ausubel (1963
p«19) found himself impelled to provide a cogent defence of
expository teaching. FExposition is regarded as a creative
teaching enterprise, demanding ability in "selecting, organ-
ising, presenting and translating"” of subject matter content
in & developmentally appropriate menner, so that a direct
grasp of higher-order relationships among sbatractions might
be meaningfully achieved by learners. For Carroll (1964),

too, apart from economy and efficiency in use of time,
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expositional procedures when combined with practice are
particularly successful in teaching concepts and principles,
and have speciel strength in the presentation of an organising
Tframework in which to learn the unifying principles of a dis-
cipline. As Cronbach (1965) incisively argued, didactic
teaching need not be authoritarisn, identified with rote
learning, or (1966) condemned to occupy a strategically-weak
position vis-a-vis discovery approaches.

Fewer tendencies to polarise the two strategles are
apparent in the more recent literature (Cronbach, 1965,1966;
Johnson and Stratton, 1966; Ausubel, 1968). Kersh (1964, pe.
230) commented after a survey of several studies "ecececeece
learning by discovery 1s not necessarily the most effective
learning procedure for all teaching objectives....” Taba
(1963), fusubel (1961), Kersh and ittrock (1962) and
Bibergall (1966) concur in seeing rote learning as distin-
guishable from meaningful reception learning and discovery
learning, snd each recognises the potential meaningfulness
inherent in both discovery and expository teaching. Fither
type, Biberpgall (1966) agrees with Ausubel, can de made
meaningful or rote. The dialogue in the past has been over-
laid with an excess of static arising from different views
about the role of verbalisation (Hendrix, 1961; Taba, 1963;
Wittrock, 19637 Cagné and Smith, 1962); about priorities in
educational goals (Cronbach, 1966) and consequently criteria;
sbout the deductive-inductive debate; and by the remnants of
the suthoritarian-democratic dialectic (Anderson, 1959).
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CONCEPTUAL PROBLEMS.
The appropriateness of either method appears to depend

on the objectives pursued (Kersh, 1964; Cronbach, 1966), the
nature of the task (Kersh, 196L4), and pupil characteristics
including, inter alias, age (Ausubel, 196l), prior learning
(cagné and Brown, 1961), set (Wittrock, 1963%,1964), and
general ability (Corman, 1957), Dearden's (1967) philosoph-
ical annlyeis of discovery teaching throws a probing light
on such unstated assumptions as "abstractionism”, and points
out that discovery learning is no unitary construct, but one
which differs in degree as well as kind at different develop-
mental levels. Scandurs (1964, p.149) endorses the educa-
tional peychologist's awareness of the complexity when he

"

observes ssesees Xposition and discovery refer to classes
of methodology - not uniguely defined methodS...."
Conceptual and research problems characterise much of
the discourse concerning discovery. TFor example, the ques-
tion "What is discovery?" raises epistemological, linguistic
and psychological issues. Wittrock (1966) has analysed@ some
of the issues, exposing the tautological problem resulting
from attributing the same name to independent, dependent and
intervening variables, and the problems resulting from
semantic inconsistencies in labelling different treatments
(independent varisbles) in the same way. The semantic
problem appears to require resolution through clearly stip-
ulated operational definitions, since, at this stage, there
is no taxonomy of treatments. Wittrock (1963 proposed that

descriptive terms be used to label the treatments, and that
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the smount of guidance or direction in providing rules and/or
solutions be specified. (Wittrock and Xersh, 1962). Wittrock
(19635 p.184) exemplifies the problem in referring to the
inconsistent use of lgbels for independent varisbles in
empirical studies:

"Kittell's (1957) intermediste direction

Kersh's 19é ? rote learning group, Craiggzou1956)

directed group, Katona's (19!;0s p.36) understanding

group, and Forgus and Schwartz's (1957) observer
groups are 21l examples of giving of rules."”

lester studies have tended to be more precise, by either
specifying the trestments in such 2 way as to indicate the
provision (or not) of rules and solutions (Guthrie, 1967;
Roughead and Scandura, 1968), or by stating clear criteria
by which to define the treatments (Oliver and Shever, 1966;
Worthen, 19689. A further feature of more recent studies hes
been the tendency to avoid the tautological problem by re-
stricting the term discovery to one class of major varisbles
(7orthen, 1968, In addition to more precise operational
definitions and the restriction of the term discovery, a
number of writers (see e.g. Shulmen and Keislar, 1966) have
suggested that where the term is used to refer to intervening
varisbles, the criterias on which the inference 1s based
should be clearly indicated.

For example, a distinction can be drawn between
learning to discover, and lesrning by discovery (Claser, 1966).
Although & close examination of eriterion measures (cf. Kersh,
1958,1962, and Cagné and Brown, 1961) will help to identify
in which sense the term is being used, the distinction is
more honoured in the breach than the observance. Fven Shulman
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and Felslar (1966, p.192), discussing the Conference on
Discovery from their editorial perspective, fail to msintain
the distinction. Commenting on the intervening variable as
"an inference based on seversl kinds of evidence," they
suggest as minimal criteria:

"1, Although the learner may hsve access to a good
deal of information prior to solving 2 problenm,
the identification of the solutions themselves
must never be part of the information he is
given.

2. The learner must be =zble to generslize the
solution to other situations. If no such
transfer is evident, the successful first

solution is considered an accident and not a
discovery."”

These criteria, in spite of the inferences which can be
drawn from the first, esppear to belong to the learning by
discovery category.

That the uses of the word discovery are manifold
became obviocus at the Stanford-svonsored conference. One
group of participsnts wished to discard the notion of covert
mediational mechanisms, and to concentrate on input and output
verisbles only. The majority preferred to accept the concept
of internal mediators as a useful construct for any investi-
gation of discovery learning, and of these some, like Kendler,
felt that language was of central importance in the mediating
processes. Gagné, representing 2 third point of view, saw
the term as having broad application to any task, be it motor
skill, association, discrimination or principle learning and
problem solving, where the learner is engaged in search and
selection processes. The fourth viewpoint was provided by
those who limited the use of the word to cognitive areas of
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learning; these participants emphasised the act of discovery
per se (Bruner, 1961).

The research literature reflects similar variety.

Kersh (1958,1962) attributed to motivation a central place
among the intervening variebles; motivational factors account-
ing for the "travel effect" of discovery learning (ef. Badd-
ely's 1963 study of gzeigarnik effects). Hendrix (1961)
postulated pre-verbal intuiting of relationships as the
crucial internal mechanism. Kornreich (1969) suggested that
problem-solving strategies rather than specific response
choices were the mediators of importance if transfer were
the obJective. FEach tends to use the word primarily in the
learning to discover sense, as well as the learning by
discovery sense, but the categories overlap and merge until
the boundaries are lost. The diverse uses of the term may
be reflections of the perennial process-product debate.

If the question "What is discovery?" has elicited a
host of answers, it 1s no surprise to find a similar yield. to
the question "hat is discovered?”. Kersh and Wittroeck (1962),
after surveying a number of studies, conclude that the answer
can be parsimoniously provided by deciding what it is that
has been practised and reinforced. Scandurs (1968) suggests
that the answer depends largely on the set provided by
instructions, and that the set may be, in Set-Function Ian-
guage, to seek derivation-rules for deriving a class of more
specific rules. Hendrix (1947) argued, with theoretical
vigour if not empirical rigour (Ausubel, 1968), that the
essential discovery is a sub-verbal awareness, a pre-requisite
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to meaning. Kornreich (1969) suggests that what is prompted
is what is learmed, but his work andé the investigations of

Wittrock indicate that the degree of specificity of the cues
and prompnts mey be the eritical factors in determining what

is discovered.

ﬁ.nqtlmr"queﬂtion underlying the research concerns the
stage of learning when discovery, as a covert process, occurs.
This question is relevant to claims for smb-verbal awareness
(Hendrix, 1961), and is answered in part by Kersh and "itt-
rock (1962, p.li62), who state that it is "likely to occur
prior to the learner's first accepteble response.” Jecobson
et al., (1969), discussing the relationship of intelligence
and mediating processes to conceptual learning, suggest that
these influences are likely to have most effect during the
response generation stage rather than the recognition stage.
Though the direction of the answers 1s consistent, the explan-
ations, rather like those referring to problem solving (Duncan,
1986), seem still rether tentative.

The answers provided in the literature appear to have
been influenced by the criterion measures used, by the theo-
retical orientation of the researcher, and by the nature of
the learming task. Reports have stressed motivation (Kersh,
1958,1962; Bruner, 1961); attitudes (Kegan, 19665 Crombach,
1966; Worthen, 1968); self-perceptions (Cronbach, 1966;
Kagen, 196633 and affectivity generally (Wittrock, 1966),
apart from cognitive outcomes. Cognitive objectives most
frequently stressed include retention (Craig, 1956; Ray, 1961;
Kersh, 1962; GCuthrie, 1967); ability to treansfer (Haslerud



and Meyers, 1958; GCagné and Brown, 1961; Guthrie, 1967);
problem-solving techniques (Wittrock et al., 1964; Worthen,
1968); principle learning (Forgus and Schwartz, 1957;
Heslerud and Meyers, 1958); as well as concept identification
and discrimination (Kornreich, 1969). The most recent studies
heve used multiple criteria. TFor example, “orthen (19689 used
tests of initial learnirg, retention, transfer and heuristics,
supplemented by measures of attitudes and pupil perception

of the teaching approach.

Learning tasks have been somewhat restricted in range.
Cryptogram tasks (Haslerud and Meyers, 1958); word tasks
(Craig, 1956; Xittell, 1957); number series (Kersh, 1958,
1962; Gagné end Rrown, 1961; Roughead and Scandura, 1968);
and codes of various kinds (Forgus end Schwartz, 1957; Witt-
rock, 19635 cuthrie, 1967) represent the mejor types. Later
studies show trends towards school learning tasks. Ray's
subjecte (1961) studled the use and principles of operation
of the micrometer; Worthen's pupils (19689 were involved in
the usual Junior High School mathemntics curriculum; Oliver
and Shaver (1966) were concerned with econtroversial social
studies materinl at the High School level.

Subjects have varied across studies, from College
students (e.g. Craig, 1956; Kersh, 1958; Haslerud and Meyers,
1958) through Grade Nine (e.g. Ray, 1961) and Grade Six (e.g.
Kittell, 1957) to Kindergarten children (e.g. Wittrock,
Kelslar and Stern, 1%64). In some cases the subjects have
been volunteers (Roughead and Scandura, 1968); of one sex
only (Forgus snd Schwertz, 1957); or stratified by intelli-
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gence (Ray, 1961). Individuel difference variasbles have
infrequently been a focus. It is difficult, for example, to
find a study where sex of learner has been used as a contrast
basis when comparing treatment effects. It is understandable
that Cronbach (1966) sho1d propose major changes in research
strategles.

Thus, what is discovered depends not only on what is
practised or reinforced, but 2lso on what is prdmpted, or
what 1s measured, or the nature of the task, and on those
learner characteristics relevant to the task and to the method
ugsed. In controlled exverimental situations with individuals,
with very small groups, or where feedback is carefully circum-
scribed, it mey be possible to answer the question "who dis-
covers?', but in naturalistic settings it is doubtful that
any certain answers can be supplied. !'ot only are behavioural
clues susceptible to different interpretatione, but where they
can be recorded on videotape, it soon becomes apparent that
some children are "target" pupils, while others are "audien-
tial" (RPiddle and Adams, 1967). The interactions of teacher
and target pupils may well have "ripple effects" (Kounin and
Gump, 1961), but inferences about the covert mental processes
of the asmdiential pupils can only be rather speculative at
this stage. Of those children presumed to discover, some
may have learned from actual discoverers by observation
learning (Pandura and Walters, 1963), by meaningful reception
learning (Ausubel, 1968), or as a consequence of reinforcement
of acceptable approximations (ef. Jackson, 1966; Holt, 1964;
Bugelski, 1964). A number of investigators (e.g. Flanders)



imply that freguent opportunities for independent problem

solving may be the exception rather then the rule in many

Cclagsrooms.

wittrock (1966, pp.42=43), in summarising the con-

ceptual issues, makes seversl recomendations:

(2)

(v)

The ends which discovery is presumed to serve, be
they subject matter, learning, or prcoblem solving
procedures, should be clearly sncecified; and within
the subject matter, distinctions should be attempted
between the ends of rule leerning, the learning of
generalisations, and of specific information.

The results should be carefully related to well-
specified devendent varisbles, and contrasts between
findings should be limited to the same types of
indices of discovery.

Discovery should be viewed as a set of very complex
procedures, not ingenuously confused with induection,
nor depreciasting verbal learning, nor disregarding
the sequential pattern and presentation of stimuli.
Bibergall (1966) makes similar points as she distin-

ruishes between approaches to discovery learning according

to the degree of autonomy (pure, guided, directed) given

each learner. That the conceptual problems have practical

consequences becomes apparent as methodological problems

are considered.



STIIODOL AL PROUBLEMS,

Both Cronbach (1966) and "ittrock (1966) explicate a
nurber of methodological issues in reviewing the research
literature. TFach refers to treatment factors and design
factors. Difficulties associated with stating either precise
operational definitions, or, perhaps more Jjustifiably beceuse
of the complexity of teaching methods, clear criteria to
delineate the teaching procedures, have made replication
studlies rare. The tendency has been to hold tasks constant,
vary treatments, and often subjects, and then to generalise
conclusions to different tasks. As Cronbach implies, this
seems peculiarly 1llogicel. Furthermore, where discovery has
been compared with alternative didactic teaching strategles,
the didactic group has often suffered disadvantages in time,
in kind of goal set, in limited rationalisation of solutions,
in the way the task has been structured, or in the way the
results have been analysed (Cronbach, 1966, pp.76-97).
Clearly, each treatment muet be given a "fair chance to show
what it can do.”

A number of within-treatment varisbles have been re-
garded os significant antecedents by investigastors. Gagné
and Smith (1962) have demonstrated the value of requiring
pupils to verbalise during practice in problem solving.
Instructions (Underwood and Richardson, 1956; Kersh, 1965;
Scandura, 1966); provision of information (Corman, 1957);
timing (Scandura, 1964); cues (Vickelgren, 1964; Wittrock
et 2l., 1964; Wittrock and Keislar, 1965); set (Wittrock,
1962, 1963b, 19%63¢c; Yonge, 1966); and sequence (Newton and



Hickey, 1965; Vorthen, 1968), have all been shown to be
influentisl factors in guiding children to achieve criterion
performance. Cronbach, after remarking on the arbitrariness
of many experimental tasks, made a cogent case for tasks where
rationality is at 2 maximum, where answers are empirically
confirmable, logically necessary, or are readily discerned
consequences. To date the optimum role of each of the within-
treatment varisbles is unresolved. 7"hile the current trend
is enalytical, with increasing attention being given to
sequence, set, and cues to mathemagenic behaviours (Rothkopf,
1965; McDonald, 1968), there remains the danger exemplified
in the writings of TLocke and Fume, wherein annlysis to ulti-
mate components creates a new problem in synthesising. It
may well be the only course left open to experimenters is to
conduct multi-level analyses ranging from the instructional
gestalt level (Siegel and Siegel, 1967) through to micro-level
analysis (ef. Gage, 1966; Smith, 1967), in studying a partic-
ular teaching strategy. (Zce Scandura, 196l, pp.155-156).
Perhaps this was an additional reason for lYeux's (1967) remark
on Shulmen and Keislar's (1966) volume:

"The reviewer was considersdly puzzled, however, in

finding not one classroom observation system referred
to in the book." (p0551)o

Another area receiving surprisingly little emphasis in
the research designs has been that of individual differences.
Gagné and Brown (1961) took account of pre-regquisite learning
as a factor in deternining transfer. Bruner (1961, p.22) has
indicated the importance of prior learning in his remark
"Discovery, like surprise, favors the well-prepared mind,"”
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Kersh and Kagan both suggest that motivational factors may
be important predispositions for discovery learning, and
along with other writers (e.g. Hunt, 1960; Suchman, 1961),
make reference to cognitive (e.g. Festinger, 1957; Berlyne,
1965) and competence (White, 1959) motivational constructs
as having explanatory power. Paradowskl (1967, p.50)
reports that curiosity "significantly increased both inten-
tional learning and incidental learning", a conclusion which
has suggestive overtones in regard to discovery and the
"sleeper effect" found by Kersh (19%2).
Ray (1961), using a treatment-by-levels design, states:
"The complete absence in this experiment of signif-
icant interaction between teaching method and
learning ability was an unexpected result." (p.278).
This finding, Ray suggests, would Jjustify the use of discovery
procedures with pupils of low mental ability. A number of
studies of concept attainment and transfer provide a lead in
treating such variables as age, mental age and sex in relation
to method of training (Hilgard et al., 195L; Osler and Fivel,
19613 Osler and Trautman, 1961), but this lead has not been
a feature of discovery research. (However, cf. Corman, 1957).
Cronbach (1966, p.90) hypothesises that "the interacting
variables may have more to do with personality than with
ability." He continues:
"I am tempted by the notion that pupils who are
negativistic may blossom under discovery training,
whereas pupils who are anxiously dependent may be
paralyzed by demands for self-reliance."
It is interesting to relate such comments to the

theoretical arguments of Harvey, Hunt and Schroder (1961),
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to the emrirical work of FHeill et al. (1961), end to the
study undertaken by Tallmedge and Shearer (1969). The
latter summarise their findings (p.228) as follows:

"TPhe study reported here produced results which

strongly supported the existence of learning styles.

These reculte also sugrested that the correlateg of

learning styles are noncognitive, rather than cog-

nitive, individusl charecteristics. TFinally, they
supported the rotion that the nature of 'content'

of the learning experience is a critical factor

affecting the magnitude and direction of relation-

ghins existing between learmer charscteristics and
instructional methods.”

At this stage, individuel cheracteristics have been
neglected in the research on discovery. £ major problem
exists in selecting the most salient pupil characteristics
for further investigation, for some characteristics may be
tansk-specific, snd others method-specific. Carroll's (1963)
model of school learning would appear to sllow for both
categories, task and method, and for both cognitive and
non-cognitive pupil attributes.

Design problems in the literature concern randomisa-
tion (or the lack of it) in sssigning subjects, the guestion
of relstivé time taken to reach criterion performance between
treatments, and the legitimacy of the procedures used in both
data and statistical anslysis. Two general weaknesses noted
are that of controls in naturalistic settings, and that
resulting from overgeneralisation of findings. Cronbach and
wittrock both desl with these issues, citing Olson's (1965)
critical note on Haslerud and Meyers' trensfer-of-principles
experiment as one demonstration of the experimenters' 1llog-

ical analysis of the data. The problem of time in training
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unéer cdifferent treatments has been a most persistent one.

If criterion performance 1s to be reached with all pupils,

it ie likely that some individual learners in the discovery
group will require a longer time than anyone in the directed
group (but not always, as Cagnd and Prown demonstrate). If
time is held constant, the disccvery group may fail to reach
a criterion level vhich psrallels that of the non-discovery
group. Attempts to resclve this problem have led to doubtful
uses of "difference scores" (see Cronbach's comments (1966,
pP.82-83) on the Haslerud-Meyers study) to tasks which
restrict time differences, and hence tend to become arbitrary,
to different goals for the contrasted grouns, and to such
tight treatment controls that to extranolate to typical
school-learning situations becomes suspect. Cronbach (1566,
pe8li), while recognising that no recommendation will be
appropriate for all studies, indiceates his solution:

"esesesemy inclination is to fall back on optimi-
zation within a fixed time."”

Such a procedure seems to be consonant with what happens in
the classroom, insofar as teachers feel bound to 'cover' a
given syllabus of instruction in a given tine.

Siegel and Siegel (1967) sustain a coherent and con-
vincing case for a multivariate paradigm for research on
instruction, and argue, in presenting their instructional-
goatalt paradigm, for analysis of variance procedures.
Change or difference scores are confounded by regression
effects, measurement error problems, assumptions of cquiva-

lence of situation, mood and tasks, as well as scores.
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"would not provide informetion about interactions

within the other independent variahle clusters or

between, say, learner and instructér variables."

(Siegel and Siegel, 1967, p.275).

While earlier studies tended to use difference scores,
comparisons of means, Chi squares (e.g. Kittell, 1957;
Haglerud and ¥eyers, 1958; Kersh, 1962), later studies
have tended to use analysis of veriance (e.g. Ray, 196%;
Guthrie, 1967) and analysis of coveriance procedures.
(Worthen, 1968&).

In gum, the evolution of discovery research has been
characterised by increasging precision and sophistication in
definitions, design, and data and statistical processing.
Conclusions are more cautiously drawn, in that few reports
attempt to extrapolate beyond the subject area providing the
experimental context. Covariance procedures permit intact
groups to be used with some degree of control for group
differences, and thus fecilitate investigations in natural-
istic settings. A further feature has been the increased
range of dependent varisbles measured. At the same time,
difficulties remain, The complexity of the treatments is
such that the potent factors, or the combination of factors,
have not been finally identified. The significant interactive
individual difference factors regquire further delinéation.
Decisione sbout objectives, time, instructional strategies,
appropriate criteria and measures confront each experimenter
gnew. At this stage somewhat molar research may still be

NeCessary.



L3.

SOME TYPICAL FINDINGS.

Because of the thorough reviews (Ausubel, 1561; Kersh
and Wittrock, 1962; Wittrock, 196331966; Cronbach, 1966)
already available, and because the extent of the literature
makeg an exhsustive survey of the research well-nigh imposs-
ible, this section will be confined in the main to studies
reported since the mid-fifties, and especially to those
subsequent to the publication of Shulman and Keislar's
volume. Zttention will be given to studies where one of the
treatments involved a measure of guidance designed to lead
the learners to generalise a8 Mmule from examples.

One rather general set of trends is evident in many
of the conclusions reached by different investigators. "here
the criterion i1g initiasl learning of a limited number of more
or less specific answers, rather than the transfer or reten-
tion of what has been learned, the most highly directed
groups (i.e. rule and answer given, expository) do as well
as, or better than the other groups (Kittell, 1957; Kersh,
1958,1962; Haslerud and Meyers, 1958; Worthen, 1968). Where
the criterion is transfer, those groups receiving en inter-
mediate amount of guidance, or those who derived principles
from examples, perform as well as, or better than the groups
given both rule and answer (Forgus and Schwartz, 1957; Kersh,
1958,1962; Haslerud and Meyers, 1958; Oagné end Brown, 1961;
wittrock, 19635 Cuthrie, 1967; “orthen, 19689, The results
for retention measures are less clear, some investigators
reporting advanteges for rule-given groups (Craig, 1956;
cuthrie, 1967), and others for example-given rule-derived
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groups (Corman, 1957; Wittrock, 1963% Cuthrie, 1967; "orthen,
1968). However, one must be cautious in regarding such
generaligations as having any final research mendate, for,
while an attempt has been made here to adjust for wvariable
treatment labels, tasks, subjects and measures are not equiv-
alent, lNevertheless, the trend is sugpestive, as is the
"post-experimental" gain reported for minimslly directed
groups whose retention scores exceed their initial learning
scores. (Haslerud and Meyers, 1958; Kersh, 1958; 7ittrock,
19639 .

Cn the other hand, the literature in regard to affec-
tive outcomes is more difficult to locate, and the results
are consequently more tentatively reported. Interest is
represented in Kersh's studies, and Cronbach's comments
(1966, p.88) are pertinent, and refer to Kersh's 1964
experiment.

"After sixteen training sessiongs there was no

difference between didectic and inductive groups

in tendency to use the informetion out of class."”
worthen (1968) administered a semantic differential and a
statement attitude scale to discovery and expository groups
who had been exposed to six weeks of training. ¥No significant
differences were found between the groups. This result gives
some support to Crorbach (1966, p.88), who questioned Kersh's
interpretation of the "sleeper-effect” of discovery learning
as being attributable to motivation, and counter-proposed
"I have long felt that this result can be attributed to
novelty." lNovelty, Hawthorne effects, deliberate structuring
of one treatment to be 2 non-rational drill (ef. McConnell,
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193Y4; Thiele, 1938; as cited by Cronbach, 1966, p.81)
would contribute to the positive affective outcomes claimed
for discovery approaches. The resgearch to date provides
1ittle support for such clasims. For exam-le, Scandura {(1964)
implies Hawthorne effects when he reports (p.51):
"The £ and D Ss apperently were highly motivated;
only on the H-problems, and more frequently in the
E-class, did any of the Ss appear to 'give up'.”
Kersh and Wittrock (1962, p.l68), concluding their
interpretation of the learning by discovery research, decide
that guided discovery may provide a most useful strategy.
"Guided discovery seems to offer a happy medium
between independent discovery and highly directed
eariing is meiotiioad Blme vitl T Deaarite of
the discovery process, specifieally, motivation
end problem—-sgolving skill.”
There are a nmumber of investigations which are, in part at
least, concerned with guided discovery. Of these, the most
freguently cited is the Cagné-Brown (1961) experiment, which
led the learners in the guided discovery (C.D.) treatment by
means of a small-step programme to the point where they were
reguired to state a general rule. After the statement of
the rule, the subjects were given practice in applying the
rule to & number of specific examples. The G.D. treatment
was compared with & rule-and-example (R. and E.) trestment,
also using a2 smell-step programme, and a discovery (D.)
treatment using a large-step programme. Gains between
learning sessions were significant for all conditions; and
on criterion messures, transfer, time required, number of

hints needed, and final performance, the results indicate
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best rverformance for Condition &¢.7., worst for R, and E,,
intermediate for D. ¥No retention measure was used. The
researchers interpret their results as emphasising the impor-
tance of 'what is learned' as opposed to ‘how ii is learned’
for problem solving, and suggest that the small-step G.D.
programme requires "subjects to sctively produce certain
concepts, a2 feature which may be lacking in the R, and E.
programme."
Roughead and Scandura (1968) utilised what was basic-
ally the same task with four programmes - specific rule
given (RJ, discovery (D.), guided-discovery (G.) and exposition
of derivation rule (7.); in seven conditions - R, alone; R.D.,
DeRej RuGe, GeRe3 ReE., E.R. Groups R. and R.D. performed
at one level which was reliasbly (P—.001) below the common
level of the other five groups on time-required, hints-needed
and weighted scores on the within-scope and extra-scope
transfer tests, slthough all groups had performed at an
equivalent level on a criterion learning test. The investi-
gators canclude:
"rirst, 'what is learned' during gulded discovery can
at least sometimes be identified and taught by expo-
gition - with equivalent results...... The second
point to be emphasized concerns the sequence effect -
if a person already knows the desired responses, then
he is not likely to discover another rule by which
such responses may be derived, even if he has all the
mutn and is given an opportunity to do so.”
The term sequence is gaining higher density as interest
in instructional varisbles increases, and it is not always
certain whether its referent is content-order; the position

of rule relative to instances and examples (Worthen, 19689;
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the placement of theory in regard to data (Leith and McFugh,
1967); ‘'timing' as an instructional tactic (Scandura, 1964
Taba and Flzey, 1964); or the path through learning set
(cegné, 1962). As far as the discovery research is concerned.
the referent seems to be to the position of the rule or prin-
ciple in relation to examples. "hat is learned, on the other
hand, appears to relate to bLioth task analysis (Cagné, 19629
and to such instructional manoeuvres as reinforcement, prac-
tice oprortunities, attention focussing, feedback, set, cues
and instructions. That Roughead and Scandura recognise the
intricacies is demonstrated by two comments (p.288):

"essse there are undoubtedly a large number of

situations where, because of the complexity of the

situation, 'what is learned' by discovery may be
difficult, if not impossible, to define.

""Yhy and how sequence affects 'what is learned' is

still open to speculation (e.g. Guthrie, 1967;

Yonge, 1966)."

Feither of the studies referred to above employed a
retention test. In a mumber of experiments where retention
has been reported (e.g. Craig, 1956; Form and Schwartsz,
1957; Ray, 1961; wittrock, 1962, cited by Kersh and Wittrock,
1962), the guided discovery groups have shown superiority to
discovery and rote learning groups. Wittrock and Keislar
(1965) demonstrated that either specific cues or concept
cues produced significantly better performance on tests of
learning, transfer to new instances, retention and a delayed
test of transfer to new instances, than did very general
cues. Guided discovery procedures may provide for cues, hints
and questions, along with feedback, which influence both what

is learned and how it is learned.
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For example, Kornreich (1969, p.384), who like Kersh
was interested in the stretegies learned, found that:

"significantly more Ss in COroup C.D. acquired the

strategy (focusing) than the other two groups

(p — 05 for CGroup P; p-— 001 for Group I, two-

tailed test). Following up on observetion, 20 more

58 were run. It was found that the effectiveness

of the Group G.D. procedure was that it prompted

S to reread the instructions."”
Kornreich, in discussing his findings, made some pertinent
observations which are relevant to this discussion. The
programmed procedure appeared to change the subjects' choice
of responses but not the strategy, and subJects showed de-
pendence on the experimenter's comments. Xornreich adds:

"Optimal prompting may differ for different criterion

performances, 80 that a different technique may be

optimal for transfer tests than for retent ion tests.”

(p.388).
Anderson, Faust and Roderick (1968) report that overprompting
produced significantly lower post-test results then 4id a
standard programme with aduli subjects. Vittrock has repor-
ted in several studies that class cues "can produce attention
and also transfer to other instances within the class.”
(wittrock et al., 1964). Wickelgren (1964), too, noted that
cues in the form of qgquestions and hints could direct students
into methods or strategies which generalise to transfer prob-
lems. Corman (1957) was also of the opinion that appropriate
guidance was beneficiel for learning and transfer, although
he differs from Ray in considering that there may be an
interaction betwecrn method (amount and kind of information)

and learner sbility.
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wittrock (1963a) provided some coherence and order
amongst the diversity of experimentation:

"7hen the criterion is initial learning of a few

o ST 1 Sl Siretion s,

criteria are retention and transfer, some inter-

ggg:a:'gma:;‘::gzﬁ ?;.;lé;t;fftion seems to produce the

In general, more recent studies mirror, as one would
expect, research interests and issues current in educational
psychology. The treatments described reflect interest in
instructional theory (e.g. Gage, 19643 Gegnd, 19655 Carroll,
1965; stolurow, 1965; Eruner, 1966), and may be considered
in tems of strategies and tosctics, with increasing attention
being paid to such manipulsble varisbles (see p. 37 above)
as task form, sequence and nature, and instructions, cues,
set, feedback and timing. Attention ("hite, 1963) remains
a variaeble awalting a2 formal place in the studies. The
intervening variables similarly echo theoretical interests
in mediational processes - information processing; asséciation,
conceptual and principle learning; strategles; assimilation
and accommodation; cognitive cost., ot so evident are earlier
dichotomies such as meaningful versus rote learning. Depen-
dent variebles remein bounded by requirements of measurement,
although multiple criteria are more common and reflect the
influence of writers like Tyler and BPloom. As Cronbach (1966,
p.90) points out, many educationally-valusble cbjectives
await mlm_tion; the matching of pupil characteristics and
instructional techniques awaits further investigation.

Leerning by discovery remains an hypothesis. Cronbach



(1966) suggests a need for more complex experiments,

involving

"a five-rold interaction - subject matter, with
type of instruction, with timing of instruction,
with type of pupil, with outcome.” (pp.91-92).



CHAPTER IV

REVIEY OF MFTHODS: FXPOSTTORY

RATIONALE AND THEORY.
Although expository teaching is a widespread teaching

practice in schools and colleges, it has attracted compara-
tively little research (Carroll, 1964). Ausubel (1963a)
believes that the reason for the lack of research is that
expository teaching has been identified with rote learning;
a point Cronbach (1966) appears to support with his remark
that most experiments on discovery hove "stacked the cards
against" expository teaching. A number of terms have been
used for similar but not identical approaches: deductive
teaching, didactic teaching, Ruleg sequence, and, pejoratively,
authoritarian teaching. De Cecco (1968, p.u68) defines expos-
itory teaching, using Wittrock's 1963 classification of
teaching methods, as "the situation in which the teacher
gives both the principles and the problem solutions."” Ausubel
(1967,1968) defines it, after conceding that a gongeptual dis-
tinction can be made between learning and teaching (Smith,
1960), in terms of those practically-useful, reciprocal
relationships between learning and teaching. Thus expository
teaching can be viewed as the reciprocal of meaningful, recep-
tion learning.

"That is principal content of what is to be

M eondh Mgl i oppabbmscrss o Mg 1

mo or less finasl form. Under these circumstances,
the learner is simply required to comprehend the

mmmtommruu mwn.muw
structure so that it available for either repro-
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duction, related learning or problem solving at
sone e date." (Ausubel, 1968, p.83).

Before considering the theoretical network providing
the justification for didsctic tesching in Ausubel's sense,
it seems appropriaste to review briefly the rationale for his
position. First, 2usubel conceives of men as & rational and
symbolising entity, characterised by langusge use.

"eeess the humen capacity for representational symbo-

lism and verbalization meke possible hoth:

(2) the original (discovery) of idess at a uniquely
high level of abstraction, generality and pre-
cision, and

(b) the cunmlation and transmission of these ideas
during the course of cultural history." (1968, p.82).

Second, formal education is distinctively concerned with
intellectual training, with fostering intellectual growth,
and with transmitting wortlwhile subject-matter knowledge
which is meaningful, consonant with contemporary scholarship,
and developed to differential levels of individual excellence.

"Hence in setting our academic gosls, we must be

concerned with the intellectual objectives

of schooling, namely, w the long-term acqguisition

of valid and usable bodies of knowledge and intell-

ectunl skillis, and with the development of ability

%?9égink c§§t£cally, systematically and independently.”
s D3%)e

Third, such knowledge has value in ite own right.

"Heaningfully organized subject metter taught dy
competent teachers can generate considerable drive
for learming as an end in itself. The value of
much school learning, after all, can be defended
only on the ggmﬂa t it enhances pupils' under-
gtanding of ortant ideas in their culture - not
because it has, even remotely, any practical use
or implications. TFevertheless, some aspects of
academic training do constitute, in a general way,
Just as importent a preparation for adult living
as education that is explicitly directed toward
vocational and family adjustment.” (1968, p.31).

Fourth, educators and teachers cannot abdicate their respon-

8ib1lity ¢o stimulate the development of interests, motiv-
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ations and intellectual needs to structure curriculum content
and to teach children to learn by themselves. This involves
a matching of instruction to pupils' prior experiences,

level of cognitive maturity, and body of meanings, by means
of the sélection, organisation, interpretation and sequential
arrangement of learning meterials and guidance of learning
experiences.

"Such needs, however, are not endogenous, but

acquired - and largely through exposure to provoc-

ative, meaningful and developmentally appropriate

instruction." (1968, p.33).

From this perspective, Ausubel developed a theory of
meaningful reception learning which has guided an increasing
amount of research. As might be anticipated from the rationale
outlined above, the theory assumes a number of distinctions
(e.g. between reception and discovery learning, between rote
and meaningful learning, and between logical, potential and
psychological meaning). The research revealed some similar
general features in that the outcomes most freguently measured
have been learning and retention, the subjects have been of
junior high school age and older, and the content has been
largely propositional and conceptunl.

Cagné's review (19695 pp.2&7-290) of Ausubel's 1968
volume includes a concise summary of the general theory.

"rhe core of his theory is the meaningful learning of

ideas, which is, according to this author, what the

vast preponderance of school learning is all asbout.
The learning of ideas takes place when & novel idea,

usually stated as & verbal proposition, is agaimi%gtgg
into an existing cognitive structure. One var e

influencing learning and retention is the availability
in cognitive structure of specifically relevant

anchorip . Such ideas may operate to bring
abou sumpt of a new idea, either derivative
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subsumption (when the new idea is a specific example
of the anchoring idea), or correlative subsumption
(when the new idea is an elaboration or modification
of the anchoring idea). A factor influencing the
retention of the newly subsumed idez is the extent
to which it is diseriminable from the anchoring ideas
that assimilate it; in other words, its degree of
dissociability. Immediately following the learning
dissociability is high, but at this stage it is
followed by increasing obliteration as the assimil-
ation process proceeds. Finally, learning and
retention are functions of the stability and clerity
of the anchoring ideas. "ithin such a theory, rote
learning becomes a highly special form of learning
that relates to cognitive structure only in arbitrary,
verbatim fashion, without the kind of assimilation
that applies to meaningful learning. Learning of
meaningful material, however, may be acquired by

digcovery or by receptiohecs..”

While such & summary is useful, the import of Ausubel's
message is clarified further as one takes account of some of
the distinetions and presuppositions. As far as the discovery-
reception distinction is concerned, Ausubel regards each as
capable of being a rote or a meaningful form of learning, but
each differs in usefulness according to the obJectives pur-
sued, time requirements, the type of learning task and the
cognitive maturity of the learner. A temporal distinction
is also made:

"The distinctive and prior learning task, in other

words, is to discover something -~ which of two maze

paths leads to the goal, the precise nature of a

relationship between two variables, the common

attributes of a rmber of diverse inntams etc.

After this phase is completed, the discovered con-

tent is internalized t as in reception learning.”

(Ausubel, 1966, p.158).

Meaningful learning presupposes that the learner
manifests a set to learn meaningfully rather than to inter-
nalise in arbitrary and verbatim fashion (i.e. rote), and

that the learning task itself is potentially meaningful.
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Thus optimal conditions involve a match between a perticular
learner’s cognitive structure, and the extent to which there
inheres in the learning task both some reasonable basis for
relating the new material to the learner's ideational
scaffolding (nonarbitrariness), and some symbolic equivalence
to the learner's organisation of established meanings (sub-
stantiveness). Psychological meaning so conceived is a
cansequence of an idiocsyncratic and phenomonological trans-
action. Clearly, Ausubel is interested in conceptual learning.
But, unlike many educational psychologists with similar in-
terests, Ausubel has displayed a research concern with
verbally rather than ostensively defined concepts, and with
the process of concept assimilation rather than concept form-
ation. (Ausubel, 1966, pp.163-167).

This concern is consistent with his discussion of
developmental considerations to be taken into account when
teaching concepts. The argument is twofold insofar as it is
based on verbal ability and Plaget's stage theory. The pre-
operational child, limited in ability to deal with symboliec
representations in acquiring concepts, can only discover
thelir criterial attributes by overtly manipulating diverse
instances of objects or events, using subverbally the necess-
ary conceptualising operaticns of abstraction, hypothesis
testing, differentiation, and generalisation. Turing the
stage of concrete operations

“the learner is sble to manipulate new relationships

between verbally expressed ideas, and hence can

essimilate concepts, providing that he has some
recently prior concrete exposure to icular exem-

pl:.gg)ct the concept in questions” (Ausubel, 1966,
De .



At this stage, discovery probably enhsnces the intuitive
meaningfulness of new concepts as a result of bringing the
learner into more intimate contact with the concreteness and
specificity of the experience upon which such meaningfulness
depends. "o 2 lesser degree, it is cleimed, the same situa-
tion holds for older learmers when initielly exposed to
difficult, unfemiliar, new concepts. However, at the formal-
operatiornal stage of concept development, relationships
between abstract and general ideas can be assimilated (or
discovered) without dependence on overt menipulation, or
concrete and particularised experience. It is at this final
stage that Ausubel believes concept assimilation is most
appropriate, and that meaningful reception-learning consti-
tues an efficient primary means of scquiring large bodies of
subject matter knowledge. This stage is equated with that
reached by Junior High School students. "hile there are no
@oudbt real differences in interpretation, some parallels may
be glimpsed between the Plagetian model, Bruner's enactive,
iconic and symbolic modes of representation, and Ausubel's
manipulative, vorbal-ccﬁ:mte and abstract sequences.

For Ausubel, hiwhdgo is an ideational phenomenon,
not a capability of performing different classes of tasks
(e.g. Cagné, 19659, nor sets of associations, or hsbit-family
heirarchies (e.g. Berlyne, 1965). An outcome of this view-
point is Ausubel's contention that the principles of proactive
and retroactive interference are inapplicable as explanations
of the forgetting of meaningful verbal meterisl. This is
better explained as a cognitive process of subsumption, or



reduction to an ideational common denominator. From a
similar perspective, Ausubel (1965 ) distinguishes and re-
lates perceptual and cognitive processes in meaningful
verbal learning, attributing to repetition a telescoping
effect on the two processes, and a eonsolidating effect on
retention. It is, then, not surprising to find the origina-
tor of this theory deploring the separation of educational
psychology and classroom learning, to find that he regards
the simple laboratory studies of learning as having doubtful
relevance to the qualitatively different learning in schools,
and to find his expressed belief that a theory of classroom
learning is the most feasible point of derarture for discov-
ering general principles of teaching.

PEDAGOGICAL IMPLICATIONS.
It follows from the general theory that two major

classee of varisbles are significant in influencing the
learner's capebility of acquiring new knowledge in a given
field. First is cognitive structure itself - the substantive
relevant content of the learner's knowledge in a particular
domain at any given time, and its organisation, stability and
clarity, which provide anchorage and discriminability.
Second is the progreamming of the new material, its selection,
sequential arrangement, orgenisation and intermnal logic,
presentation and the associated practice, feedback and over-
learning provisions.

In this context, specific readiness is reinterpreted
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in terms of cognitive structure variasbles. "here the learner
has few anchoring subsumers available in cognitive structure,
or wvhere these lack discriminabllity, advance organisers
become the major compensating strategy.

"The principal. function of the orgenizer is to bridge

the gap between what the learner already knows and

what he needs to know before he can succesasfully learn

the task at hand." (Ausubel, 1968, p.i148).
With completely unfamiliar material, expository organisers
provide the relevant proximate subsumers giving ideational
anchorage in terms already familiar to the learrer. Viith
relatively familiar meterial, comparative organisers are used
to integrate new concepts with basicslly similar concepts in
cognitive structure, as well as to increase discriminability
between new and existing idems. Organisers serve several
Tfunctions, providing set and ideatianal scaffolding, and
enhancing discriminability. Following the orinciple of pro-
gressive differentiation, organisers are introduced in advance
of the learning material itself, and are presented at a higher
level of sbstraction, generality and inclusiveness than the
new subject-matter.

£ further orinciple aspplying to the programming of
instruction is that of integrative reconeciliation,

"best described ag antithetical in spirit and spproech
to the ubiguitous practice of textbodk writers of
compartmentalizing and segregating particular idess

or topics within respective chapters or sub-chapters.”
{Ausubel, 1%‘7‘; pe2li0) .
The principle involves a serious teaching effort to explore
explicitly relationships smong related ideas, to point out
significant similarities and differences, anéd to reconcile

real or apparent inconsistencies, so thet new ideas are
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comprehended and interpreted (integrated) in terms of exist-
ing understandings and paradigms provided by analogous,
familiar, previously learned and already established ideas

in cognitive structure. Organisers may further the principle
of integrative reconcilietion.

Learning is enhanced when the task menifests internal
logic, defined by ‘usubel 11967% Pe243) as "a function of
the plausibility, lucidity and nonarbitrariness of the mat-
erial, rather than of its logical or substantive validity.”
He elaborates:

"At least four aspects of the intermal logic of
mnterial affect the extent to which it is endowed
with potential meaning:

1. f&gacy of definition and diction, including
precise, consistent and unambiguous use of terms;
the definition of all new terms prior to use; and
the simplest least technical language that is
compatible with conveying precise meaning.

2. Use of conerete-empirical deta and relevant
annlogies when developmentally warranted or
otherwise helpful in the acquisition, clarifi-
coticn, or dramatization of meaning.

3. Fncouragement of an active, critical, reflective,
and analytic approach on the part of the learner
by requiring him to reformulaste the material in
terms of his own vocabulary, experiential back-
ground and structure of ideas.

L. Explicit delineation of the distinetive logic and
philosophy of each subject-matter discipline -
that is, its implicit epistemological assumptions;
the general problems of causality, categorization,
inquiry and measurement that are specific to the
discipline; and the distinctive strategy of
learning how to learn the particular subject-matter
of the discipline."

A1l the factors referred to above - advance organisers,
consolidation, progressive differentiation, integrative
reconciliation, internal 1égic, and potential meaningfulness -
are assumed to have facilitating effects on learning and
retention, largely through their enhancement of the major,
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cognitive~structure variables of the availability, discrimin-
abllity, stability and clarity of the appropriate, relevant
subsumers. The task and practice variasble postulated to
influence the efficiency of learning 1s structured practice
which involves careful seguencing, pacing and gradation of
difficulty; differential application; skilled presentation
and organisation of material. The effects of freqguency are
direct (successive trials cumilatively modify cognitive
structure by summeting the influences of contigulty and feed-
back, enhancing the dissociability strength of meanings) and
indirect (alterations in cognitive structure resulting from
earlier trials affect learning and retention processes during
subsecunent trials). Motivation, not in this thearetical
context an indispensable for learning, is regarded as a cog-
nitive drive reciprocally related to meaningful learning.
"Typically, however, motivational and attitudinal
variasbles are pot directly involved in the cognitive
interactional process. They energize and expedite
this process during learning by enhancing effort,
attention and immediste resdiness for learning, and
thereby facilitate dissociability strength catalyti-
eally and nonspecifically.” (Ausubel, 19675 p.253).
On the grounds of their eppropriateness for education, Ausubel
questions achiecvement-oriented, ego-enhancing and anxiety-
reducing motivational constructs. For him grades are intell-
ectually stultifying; the important goal is to Iknow and to
understand.
So far, Ausubel's theory of meaningful reception learn-
ing has been deseribed somewhat uncritically. He frankly
admits the necessity for much more supporting research evidence

and for more studies to test the theory. FHis comments, in
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regard to guided discovery, are indicative (1968, p.304):
"Humerous short-term studies heve demonstrated that
guided discovery is more efficacious for learning,
retention, and transfer than is either completely
sutonomous discovery or the provision of complete
guldance, However, these findings do not necessarily
indicate that guided discovery is more effective for
teaching subject-matter content than i1s simple did-
actic exposition.”

While recognising the plausibility of the theory
insofar as it refers to some categories of human learning,
it does seem that the benefits arising from expository teach-
ing may apply more to the learning and retention of substantive
content than to problem solving and latersl transfer.

"Actually, the principal effect of existing cognitive

structure on new cognitive performance is on the

learning and retention of newly presented materials
where potential meanings are given - not on the

solution of problems requiring the application and
reorganization of cognitive structure to new ends."”

(1968, p.130).

In view of the outline to this point, it is to be
expected that Ausubel would acknowledge the probability of
types of learning (Melton, 1964; Gegné, 1965), for his whole
argument is premised on the assumption that substantive
cognitive outcomes are the sine qua non of the school, and
economically (Carroll, 1967) and educationally, such goals
are most effectively achieved through meaningful reception
learning, particulaerly with cognitively mature learners.
Some difficulties arise when exploring any such theory -
recognition of the field-of-reference boundaries, interpre-
tation of intentions (sometimes disguised in system-specific
vocabulary), clarifying assumptions and criteria, finding

legitimate bases for comparison with other viewpoints, and



62.

grasping the practicebility of the theory for prescription
as well as explanation. The theory appears to meet criterias
of coherence and consistency, but it does raise problems, for
example, in identifying subsumers in individual cognitive
structures, in the requirements of pedagogical skills (ef.
Rudin's 1961 study of the teacher's effectiveness as a lectu-
rer), in regard to the everpresent assumption, in paradigms,
of linearity, and to questions about collateral objectives.

"Ag in the case of discovery learning” remarks de Cecco
(1968, p.468), "it is probabdly difficult to find pure examples
of expository teaching.” It is also difficult to find many
clear examples of s range of organisers as described by
Ausubel. %hile he provides definitions of important constructs
in the system-specific terms of his theory, operational defin- -
itions are not so fregquent. The Ruleg sequence (Gleser, 1966)
in programmed instruction, meets some of the requirements
Ausubel stipulates for expository teamching, as long as there
is compatibility between the learner's cognitive structure
and the potential meaningfulness of the rule. Not too dissim-
ilar, claims de Cecco (1968), is the general strategy of
deductive tesching in which the teacher often begins with a
definition of the concepts or principles, illustrates them,
and unfolds their implications.

Bibergall (1966, p.230), concluding her survey of
discovery learning, suggests:

" esss the expositional technique would be most

fiteble in the following cases

1) for specific (subject) matter aspects,

ii) when the student is at the abstract level

(111) for quick saitial learning.”
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Most of the research to date on expository teaching,
as discussed, has been undertaken by Ausubel and his assoc-
iates, although a2 mumber of studies relating to discovery
(e.ge Roughead and Scandura, 1968; Worthen, 1968}'1’ Tittrock,
196%) and to instructional theary and methodology (e.g.
uthall, 1966; Leith and McHugh, 1967; Collis, 1969), apart
from those designed to test aspects of programmed instruection,
bear more or less directly on didactic instruction. The
value of advance organisers in facilitating meaningful verbal
learning has been demonstrated in several experiments (Ausu-
bel, 1960; ‘usubel and Fitzgerald, 1961,1962; Ausubel and
Youssef, 1963; ittrock, 1963b).

Of the Ausubel studies, four (Ausubel, 19€0; Ausubel
and Fitzgerald, 1961,1962; Ausubel and Youssef, 1963) are
representative, and contirme the earlier (Ausubel, Robbins and
Blake, 1957; Ausubel and Blake, 1958) research programme,
employing similer strategies. Iater studies (Ausubel, Stager
end Gaite, 1968,1969) are similar to those cited, in materials
used, in that the subjects (Crade 13 students as against
senior undergraduates) are 'cognitively mature', and in the
general strategy used for teating the facilitating effects of
advance organisers. The advance organisers, introduced (in
the case of expository organisers) after establishing an
essentially zerc baseline for the content in cognitive strue-
ture, were specially prepared passages. It has been a feature
of the research to use passages which sub jects read, rather
than the more typical classroom situation where thé teacher
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presents introductory materials orally. Another feature of
the studies has been in the kinds of dependent measures used -
initial learning and retention have been tested almost ex-
clusively.

Two of the studies (Ausubel, 1960; Ausubel and Fitz-
gerald, 1961) indicated that, when the presented material had
no relation to known concepts (e.z. a text on metallurgiecal
properties of carbon steel), and when the presented material
(e.g. &8 text on Buddhism) can be related to known concepts
(e<g+ concepts in Christianity), the provieion of an advance
orgeniser (expository and comparative respectively) can be
similarly facilitating. Further evidence (Ausubel ard Fitz-
gerald, 1962) indicates that the effect of the introductory
passage is most marked for students with low verbal abllity
(3.C.A.T. scores). The conclusion is suggested that

"gsubjects of average and better ability are evidently

capable of organizing new material

Sarive 156436 65 mo DenePit from Introfused sdvame

organizers."” (Ausubel and Fitzgerald, 1962, p.2h7).
wittrock's (1963c) study is provocative in reference to the
one just cited. The subjects, Crades 10, 11 and 12 students,
were assigned on a stratified random basis according to sex,
I.C. and grade level to one of three experimental conditions,
sets to notice differences, to notice similarities or to
read and remember the passage (neutral). The above-median-
I.0. subjects under the neutral condition

"tended to recognize more differences than did the

less intelligent subjects. TFurther, the differences

instructions, but not the ainilaritiea instructions,

produced a decided effect with the less intelligent
subjects."” (pe7ht).
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If, a8 indicated, less intelligent pupils tend to recognise
similarities, and more intelligent pupils, while being more
flexidble in response to directions, tend to note differences,
the set-providing function of suitable advance organisers may
be expected to increase discriminability. !nfortunately,
results by sex are not reported.

Cagné, in = recent study (1969%), derived further
supporting evidence for the efficecy of orgsnisers in regerd
to retention. He states (p.h13):

"The second major conclusion relates to the effects
of different kinds of context on the recall of facts.
£ context which 1s superordinate, introduecing context
facts with a general topic sentence, facilitates
recell of facts to 2 greater extent than does & co-
ordinnte or unrelated context. The coordinate context,
containing facts related to the fact to be remerbered,
also leads to greater recall than does an unrelated
context. Both these findings are consistent with the
theory of Ausubel (1968) to the effect that retention
of meaningful facts is improved when efforts are made
to mobilize anchoring ideas within a pre-existing
cognitive structure. Somehow, even in the face of
interference, the organization of facts into topics
operates to facilitate retention of particular facts."

It may be that some general qualities of organisers will pro-
vide different kinds of set. Tuckman et al. (1968, pp.66-67)
report an unexpected inference from their results:

"the strategy of search could be made more readily

to transfer than the skill of search, as the result
of limited prior experience.”

Reynolds (1968, pp.133-138), dealing with verbal-perceptual
material, found that '

"pre-familisrization with a single integrated ma
structure provided greater transfer to sentence -
ing then did pre-~familiarization with the same map
vhich had been fragmented into separate and discrete
pictures."

Additional work suggestive of support for an Ausubelian



mode of expository teaching has been reported by Collis
(1969) and by Leith end ‘cHugh (1967). The former, whose
subjects were "at the early secondary school level", used
mathematicas textbook material which had been orpanised
according to Ausubel's themes of progressive differentiation
and integrative reconcilistion. 'hile the mathematics cri-
terion tests revealed no significant adventage for the
experimental group over the control group after one year of
the programme, there were significant gains in attitude for
the children using the experimental textbook. .Leith and
McHugh investigated the effect of varying the order of the
main passages, one of which, the theoretical passage, was
designed to act as an organiser. The organiser (T) occupied
the introductory, mediating and summating positions relative
to two passages, one of which, the patrilineal (P), was de-
signed to be readily assimilated; the other, the matrilineal
(M) being much more difficult. Six treatments evolved from
the ordering of the main passages, and, with the remaining
two conditions omitting the theory passage, a total of eight
groups were included in the design. The group having the
order M.T.P. performed best on all tests of both P and M;
however, it is noted that without facilitation the recall
of the M passage was poorer than with facilitation. The
investigators consider (p.116):
"Ausubel's recommendat ion of the use of
organiger has been justified in the case of material
which does not conflict with established cognitive
patterns. But the advance organizer is no better

than either a mediator between passages or a summary
in this case."
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Their conclusion in regard to the plsce of theory is, then:
"In the conditions of this experiment it would seem
to be after the learning of particular concepts
rather than before the, especial ly when the more
dirficult exemplar is given first.”

Thus, while facilitating effects were found for the theory

passage, the resesrchers raise questions relasted to sequencing.
Another set of studies giving varyving degrees of

support to the effectiveness of expository teaching have been
those which have also had reference to discovery learning.

Scandura and his collesgues investigeting methematical learn-

ing, have provided some evidence, particularly insofar as

rule provision is an aspect of didectic teaching. One study

(Scandura, 7oodward and lee, 1967) "demonstrated rather con-

clusively the behavioral relevence of rule generality”, in

that the subjects given the most general form of the rule
achleved greater within-acope transfer. Roughead and Scandura

(1967, already cited) emphasise two canclusions. First, what

is learned during guided discovery learning can at least

sometimes be taught by exposition, and with equivalent

results.

"As we identify just what it is that is learned by
discovery in more and more situations, we shall be
in en increasingly better position to impart that
same knowledge by exposition.” {Scandura, 1968, p.339).

Second, there the sequence is to provide the rule before

giving opportunities to discover, pupils perform no better

than if they had been given the rule only.
"In effect, prior knowledge may actually interfere

in a very substantial way with later opportunities
to discover.” (Scandura, 1968, pe339).
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Seandurae's basic argument sppears to be that expository
teaching can be much more effective than it typieally is,

if 1t can be specified clearly, through structural analysis,
what it is thet is to be learned. Nevertheless, Scandura
sounds a cautionary note (1964, p.155):

"Comparisons between exposition and discovery

necessarily involve the simultaneous variation

of several varisbles and as such cannot be taken

as definitive, no matter what the results.”

A number of experiments have produced results in
which the learners receiving expository instruction have
achieved significantly more highly in initial learning tasks
than have contrast groups. (e.g. Kersh, 1958,1962; wittroeck,
1963; "orthen, 1968%. In meny studies the expository group
has alsc manifested superiority when time or triasls to master
learning has been the criterion. (e.g. ‘ittrock, 19635 Cuthrie,
1967). Ausubel (1968, p.215), discussing the extent to which
intellectunl development can be eccelerated, expresses the
opinion that didactic procedures together with concrete-
empirical props can be helpful.

“Considerable evidence, however, indicates that the

use of various verbal procedures (prior

verbaligation of prineiples, use of verbal rules,
filmed verbal explanations, confronting the child
verbally with his own contradictions), in conjunction
with concrete-empirical props, gan accelerate the
ecquisition of conservation and probablility theory

(Frenk, in Bruner, 19643 Kohnstamm, 1966; Ojemann and

Pritchett, %?; Ojemann, ¥axey and Snider, 19566;

Sulliven, 1 "

An examination of Ausubel's (1968, pp.iL7-162) summary of
transfer and its pedagogical facilitation reveals, unexpec-
tedly, the number of times research related to retention

rather than tranafer is cited. This suggests an interpretation
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of transfer in a within-scope sense more than an extra-scope
sense, and may have some bearing on the typicel use of
retention as a criterion measure in research on exposition.
Although much evidence can be found for the transfer value
of understood general princinles (e.c. Hilgard et al., 1953,
1954), Scandura (1968, p.336) expresses some doubt insofar
as exposition 1is concerned.

"when rules are presented in an exrository fashion,

it is normally too much to expect generalization
to problems to which the principle does not immed-

iately apply."

The evidence tends to provide strong support for
the benefits of expository procedures in regard to initial
learning scores and time to criteria, less consistent results
for retention, and ambiguous results for trensfer (cf. Wor-
then, 19687 p.1). Different criteria make results hard to
compare; nor is it clear just what aspects of expository
teaching have greatest potency for given objectives., Smith
and Smith (1966, pp.324~325), reviewing research on transfer
from progranmed learning, make some inte_resting observations
which have, at least, tangential pertiﬁence to this discussion.
Gagné and Dick (1962) found transfer test scores very low in-
deed following programmed instruction on equations, although
the same subjects had scored reasonably well on verbal and
' performsnce post-tests.
"Cartwright used systematic and unsystematic
sequences of frames to teach fractions to mentally
retarded adolescents (Stolurow, 1963). The groups
using the systematic sequence remembered more of
the specific facts taught, but the group using the
unsystematic sequence transferred more of their

knowledge to other problems. Krumboltz and Bona-
witz (1962) tested the effect of presenting confir-
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ming responses in a program as complete thoughts,

usually be repeating the relevant parts of frames

with the desired responses inserted, instesd of as

isoclated words or phrases. Their groups showed no
difference in knowledge of terminology, but the
context group excelled in ability to apply principles.”

(Smith and Smith, 1966, p.325).

Pertinent, too, is a recent study by Rowell, Simon
and Wiseman (1969), in which verbal reception and guided dis-
covery technigues were compared, in & classroom situation,
for their effectiveness in promoting the formation of stable,
usable, cognitive schemata in comperable groups of university
students. The results indicated that explicit direction can
Produce performances superior to those resulting from a guided
discovery approach for immediste recall, delayed retention and
transfer (p = .05 or less). The investigators, in their dis-
cussion, point out the relatively slow but steady decline in
performance on successive tests of the verbal reception group.
This decline is one which might be explained as obliterative
subsumption, as there seemed to be, after ten weeks, retention
of "the overall structure” and loss of detailed information.
Two factors, it is suggested, could have contributed to the
better performance of the directed group, the imposed time
limit on the experiments, and the learning history of the sub-
Jects. One further result is given special attention by the
experimenters, viz. the relative results of the two groups on
Application Test 3. In terms of absolute scores on this test,
the guided discovery group actually improved, whereas the
scores of the verbal reception group continued to decline.
While the latter's scores were still superior to the former's,

the former showed marked relative improvement. The authors



conclude that, subject to the experimental limitstions,
the results of their study, taken as 2 whole, suggest that
instruction techniques of an expository or verbal reception
nature can have greater pedagogic merit than has sometimes
been assumed.

"This, of course, is no longer a2 unigue canclusion:

2 number of writers have expressed basically sim-
ilar views." (Rowell et al., 1969, p.2L42).
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- 1 CoN A
The respective reviews of literature and research

have referred to theoretical orientations, and the discussion
of the genersl resesrch problem carried overtones of theory.
As so meny educationsl psychologists (e.g. Cage, 196k;
Bruner, 1966) have pointed out, there is no theory of tea-
ching to provide an integreting network synthesising the
relationship between instruction, learning,and individual
and developmental characteristics. Bruner (1966, pp.39-72),
in delineating his prolegomenon to a theory of imstruction,
indicates the preliminary natore of his attempts. Tentatively,
then, snd at a very general level, it is here suggested that
the teacher's task, as far as cognitive learning goals are
concerned, is that of manipulating the cognitive gap, arran-
ging the match, between the learner's present status end the
subgtance of the experiences to be provided for him to achleve
the goals. Instructional strategies are the means intended
to facilitate the achieving of goals, and, no doubt, different
strategies set different tesk requirements, different data
processing conditions. Ausubel argues for assimilation
following a eontigulity of meanings; Suchman for accommodation
following a discrepant event, a discontimuity of meanings.
Each assumes as given, cognitive structure, active date pro-
cessing and a resolution either by subsumption or reconcil-
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iation. Kagan posits preferred modes of processing. All
shere a general cognitive perspective. It is in this broad
context that this present study is underteken.

For the purposes of this study, cognitive style is
defined at the general level, as a preferentisl mode of
categorisation expressed in & situation where alternatives
are possible. (Sigel et al., 1967). The situation is that
provided by a Kagan-style Trieads test, in which groups of
three stimmlus-pictures are presented in booklets to the
subjects, whose task is to select two from each group of
three pictures, on the basis of perceived cue properties
which suggest to the subject the way in which the chosen two
"are alike or go together in some way.” Alternatives are
provided insofar as each triad can sugsest several pair
groupings. The mode of categorising is indicated by the
reason the subject is required to state for each such group-
ing, the written reasons being classified sccording to criteria
set out below, and the resulting three scores being separately
summed to give a measure of cognitive style in the three pre-
viously identified categories: descriptive, inferential-
categorical, and relstional-contextusl. (Kagan et al., 1963).
The criteria outlined below are adapted from those given by
Kagan, with some simplification end refinement to increase
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clarity and consistency of application (ef. Sigel et 2l.,
1967; wallach and Kogen, 1965; Gordon, 1966; Edwards, 1968).
Scoping Criteria:

Greup*ngn in this category are based on similarity in
objective, physical charascteristics among a group of
stimuli. The concrete attribute shared by objects

can be perceived through any of the senses, although
visually perceived facets of the stimmlil are expected
to dominate. All deseriptive labels must contain a

reference to a commonly-shered, physical attribute of
the grouped stimuli. Two sub-classes have been iden-

tified (Xagan et al., 1963) = "
where labels denote observeble » and
m in which labels refer to similar-

es on total objective manifestations of
the stimuli. Examples of descriptive-analytic cate-
gorisations referring to snimal stimli are: "they both
have tails, hair, four legs, one ear drooping'; human
stimuli are: "both have guns, wear shoes, have hands on
hips, wear skirts'; object stimuli ere: 'both eontain
11quid have & leg missing, heve a lense, have handles'.
Examples of descript 1vc—g19'bal labelling (which were
actually infrequent) are: ‘'both have the same shape,
are in the same position, are the same size'.

%Eeue comepfs gaaa%.objects because of some charac-

teristic shared by all, but what they share is not
inherent in the physicel nature of the stimuli grouped.
The labels do not contain a direct reference to an
objective, physicel attribute of the group of stimuli
(unlike "descriptive” labels), and yet each object is
an individual instance of the label (unlike "relational"
concepts). The classifications frequently fall into the
aerea of location, usage or superordinate class which
subgumes the pu-hcuhr instances. Location examples
would include: ‘'both are found near water', 'both live
:lnnm'i mplu are: ‘'for eat:l.ng ‘both are
for travelling on or in'; saperordinate ch-mauon
is ounpnnad by: 'both are animate', 'both are forms

labels thnt thq w uut of the relationship between
or anmg the stimli grouped together, and then serve s
a kind of umbrella over the collection. Because of this,
no stimulus is an independent instance of the concept,
some have greater weight in determining what the
concept m than d4id others. These relationships
emong the stimuli grouped together are functional, and

E
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build on connections of a temporal, spatial or
complementary nature. The temporal-spatial complexes
are concrete or situational in nature generally
thematic. Typical examples are: a lives in a
kennel', "the father and mother had a bsby ‘the thread
goes through the needle'. Sigel et al. (1987, p.2) sum
up by defining these responses as "indicating inter-
dependence in particular situation expressed in
functional or matic labels."”

Thus, operationally, cognitive style is defined by
subjects' responses on 2 twenty-rive item triasds measure,
based on Kagan's conceptual styles test (Kagan et al., 1963;
Sigel et al., 1967). In the interests of consistency, the
three modes will be more briefly termed descriptive, categor-
ical and relational in the remninder of the report. Because
8o few descriptive-giobal responses were made, it would not
have been inappropriaste to use the label 'snalytical' for
this style. However, 'descrintive' is probably more accurate
overall. It wae noted that the children's statements used in
formalating reasons for choices of pair-groupings, revealed
language patterns related to the mode. These patterns showed
typical characteristics. For example, categorical choices
were usually phrased "they both are...."; descriptive choices
usually appeared as "they both have....”", or "they have both
got...."; and the relational responses manifested such verbal
forms as ".... wears oooo“, OF "eeee killed see.". Three
of the frequent responses to Item One are illustrative:

"A man wears a watch" (relationel); "They both have numbers"

(descriptive); "They are both measures" (categorical).
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A S.

The treatments, lsbelled in the literature Cuided
Discovery and Fxpository, or those which are modifications
of Example-Rule and Rule-Fxample approaches, are sufficlently
complex for no brief definition - operational, constitutive
or stipulative - to be completely adequate. Already, problems
of naming the treatment independent variasbles have been dis-
cussed with reference to semantic consistency and tautology.
As long as assumptions sbout intervening variables are not
made becsuse of inferences possible from the naming of the
independent varinble, the name given to the treatments may be
less important than the defining criteria. TFurthermore, few
of the recent investigations have avoided naming the treatments
as discovery or expository modes (e.g. Roughead and Scandurs,
1968; Cuthrie, 1967; Worthen, 1968; Rowell et al., 1969).
However, greater care heas been exemplified in providing clear
descriptions of the treatments. Here, an attempt is made to
define the treatments by eriterie gulding teacher responsibil-
ity and task requirements of pupils, an epproach similar to
that employed by Worthen. There are, nevertheless, some
differences intended to make the procedures, while atill
independent, more typical of life in the classroom than those
descridbed by Worthen. At the same time, serious effort has
been made to make each treatment as effective a teaching pro-
cedure as possible. To ensure individual rule derivetion,
Worthen's discovery pupils were prevented from sharing ideas;
if errors were made, the teacher said nothing sbout the rule
or why the answer was incorrect. In most classrooms in the
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writer's experience, these are not common features. Glick
(1968) in fact suggests that some pupils (target) mediate
the instruction for others.

Ag it is probably impossible to specify all the
distinguishing characteristics of each trecatment, and as it
is likely that any particular component has potency in
asgociation with and in the context of all other components,
the defining criteris given are those which have been given
some significance in research and theoretical writings. The
labels to be given the treatments, following Wittrock, are
descriptive, and conform to their functions as independent
variebles. These labels, then, are Rule-Fxplained-and-
Demonstrated (K.F.), and Rule-Derived-with-Cuidance (R.D.).

T Cr -

R.E. R.D.
Sequence Principles (Rules), Children observe, manipu-
(in gen- generslisations and con- late and discuss; and
eral and cepts presented by through examples, directions
for each teacher. Fxamples and to note attributes, problems

phagse). attributes explained and and use of apparatus, form-
demonstrated with appe~ ulate generalisations,
ratus. Terms presented principles (rules) and

concurrently with concepts. Iabels and terms
explanation and demon~ given as pupils begin to
stration. Pupils verbalise. Hints and cues
practise, apply prin- given to assist derivation
ciple to type situations, of rules ete.
to apparatus. i.e. i.e.
(a) Teacher explanation (2) Pupil sctivity to
of principles. Terms derive principles, rules
given in context, etc. Teacher guides
with demonstration activity.
and explenation.
(b) Pupils practise (v) Pupils formulate rules
with examples. etc. Teacher provides

terms in context.
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M. Ma

Cues, Teacher is the source of Teacher avoids telling
provision information, explains in directly, but by questions,
of infor- detail and as clearly hints and cues, leads
mation. and simply as precision children to formulate end
permits. Uses concrete- provide answers. Indirect
empirical props to rather than direct strategy.
demonstrate, of same Cues, as far as possible,
kind as used by pupils not too specifiec.
in treatment R.D.

Teacher Refers children to rules Reflects back, gives hints
response explained earlier. or further leading questims,
to pupil =Ensures 'meaning' by provides another instance
questions examples or analogy where or simple problem. Avoids
necessary. Suggests direct explanation. ©Sugpests
recall of explanatory recall of earlier problem

principles, or, if

needed, re-explains.

Role of To assist recall of
teacher inclusive concepts,
questions principles. To aid

and derived mle.

To gulde thinking. To
provide direction and hints
to assist children in de-

discriminability and riving and formulating rules
relatability. To etec. To focus attention on
evaluate pupil under- criterial attributes,
standing of concepts and instances. To assist recall
principles. To assist of relevant prior learning.
recall of relevant prior

learning.

General To know and understand. To find out, to understand.

As far es possible, a warm, supportive approach should
be evident in each treatment, with reinforcement employed in
giving children a feeling of success (in problem solving or
gaining meaning), providing knowledge or progress, feedback
or correctness of response, approval of effort, and so on.
The apraratus and equipment used to demonstrate and far prac-
tice in treatment R.E. will be the same type as pupils will
use in treatment R.D, in the derivation of rules. Complete
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control of all treatment varisbles is impossible, but it is
felt that the trestments are sufficiently distinctive to be
acknowledged as independent.

Operationally, the independence of the treatments
will be defined by coded scores resulting from anslysis of
audio-taped samples of each lesson. The form of analysis is
the Interaction Anslysis System described by Amidon and
Flanders (1967). The treatments are anticipated to differ
in directness-indirectness, proportion of time in teacher
lecturing, in pupil initiated talk, in teacher questioning,
and, consequently, in pupil responding.

THESES .

The surveys of the literature and previous inveati-
gations (Chapters II-IV) contributed to the formulation of
the problem, leading in turn to the generation of the hypo-
theses below, which are stated in the research form. The
nuall form is regarded as a procedure, a convention or formula
for testing probabilistic inference rather than a means of
indicating the practicsl or educational significance of any
findings. (See discussion by Sax, 1968, pr.107, 418, 419).
The latter kind of significance can be evaluated on the basis
of theory-based argument, supported by such evidence as can
reasonsbly be derived from the data, within the limits of
experimental restrictions, the internal coherence of the
case, and its externsl consistency with other findings and



explanations. The hypotheses are given in three groups:

those referring to cognitive style, to treatments and to

interactions.

1.1 The girls in the populetion studied will make
significantly more relaetional recsnonses on the
cognitive style measure than will the boys in the
population.

1.2 The boys in the population studied will make
significantly more descriptive responses on the
cognitive style measure than will the girls in the
population.

2.1 Pupils receiving Treatment R.E. will demonstrate higher
levels of initial learning than those receiving
Treatment R.D.,

2.2. Pupils receiving Treatment R.D. will gain higher
scores on measures of application and transfer than
will those receiving Treatment R.E.

2.3 There will be no significant differences in scores on
the measure of retention between pupils receiving
Treatment 7 .E. and those receiving Treatment R.D.

2.4 There will be no significant differences between
teachers as measured by pupils' scores on post-tests
of initial learning, retention and application-transfer.

2.5 Treatment R.E. will demonstrate more Teacher-lecturing,
and less Teacher-guestioning and Pupil-talk than
Treatment R.D., as indicated by Categories 4, 5, 8 and
9 of an Amidon-Flandeps Interaction-Analysis.



81'

3.1 Pupils whose preferred cognitive style is descriptive
will demonstrate more effective learning as measured by
rerformance on post-tests following Treatment R.,D. than
will pupils receiving Treatment R.F.

3.2 Pupils whose preferred cognitive stvle is relational
will demonstrate more effective learning ss measured by
performance on post-teste following Treatment R.E. than
will pupils receiving Trestment R.D.

Specifically, these hypotheses predict significant
F-ratios at the .05 level, in a multiple analysis of variance,
for Main Effects for Factors B (Treatments), C (Cognitive
Style) and D (Sex); for First Order Intersctions B x C
(Treatments x Cognitive Style), B x £ (Treatments x Objectives),
B x D (Treatments x Sex), and C x D (Style x Sex); and for
Second Order Interactions BxC x D, BExCxEand BxCxPF
(Treatments x 3tyle x Occasions). While it is recognised
that the .05 level of significance does, as an accepted prob-
ebility level increase the risk of Type I errorse, this level
is deemed more appropriaste for a multiple interaction study
in a naturalistic setting, where within-group vsriance can be
expected to be quite large, than would the more stringent .01
level. For en exploratory study, loecating trends seems as
important as the possibility of reaching conclusions.



SUBJECTS AND THEIR ASSIGNMENT TO CONDITIONS.

Assigment to groups.

The subjects for the experimental and control groups
were drawn from among the Form I children at a large Normal
Intermediate School in Hamilton city, only those few children
classified as "special class' pupile being excluded. A
modified form of streaming is used in the school, there being
one top-stream class (mede up of pupils selected from each
year intake on the basis of general ability as indicated by
scores on the Otis Tntermediate, attainment, and recommen-
dations from the contributing schools), and nine parallel
classes each with similar distributions of pupils as regards
age, sex, general abllity and attainment. The means of the
teh Form I clasces for age and 1.0, (Otis Intermediate, 1936
norms) are 146.24 months and 109.82 respectively. The average
age of the one hundred and fifty children in the experiment
was 143.62 months; the average T.Q. was 112,55 (not signifi-
cantly different from the more general mean). An examination
of school records of parents' occupations revealed no reason
for the school to be considered as atypical as far as socio-
economic status is concerned.

The choice of Form I children, and of the particular
school, was influenced by several factors. First, the children
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were approaching the Junior High School level propesed by
Ausubel 28 an appropriate stage for the use of expository
methode. Although not all Form I children in this school
could be expected to be cognitively mature in the sense of
manifesting formal operational thinking, it appeared
reasonable, following Ausubel's argument, to expect that,
with the use of supporting concrete-empirical props, they
would be capable of assimilating potentially meaningful con-
cepts and principles. The developmental stage theories, also,
provide no reasons to suspect that discovery-type approaches
would be any less suitable for these children. Secondly, the
children were, in the main, accustomed to observers and
‘special lessons', so that neither extreme of docility through
being overawed, nor excitability due to novelty, wes likely,
particularly when student teachers and Teachers College staff
were the observers and teachers. Thirdly, the school was
currently implementing the new science curriculum for Forms I
to IV, and, as a result, the anticipated co-operation and
support of the school staff was willingly given. Furthermore,
the science content of the experimental lessons was such that
both principles-explained-and-demonstrated, and principles-
derived-through-guidance approaches were deemed equally
appropriate methods to teach the content. Again, the intro-
duction of & new curriculum taught by a team of teachers,
suggested some similarity of experiences in secience would be
shared by all the Form I pupils.

The children were assigned to the experimental and



8y.

control conditions on a stratified random basis according to
the procedures outlined below. The cognitive style measures,
Tried One and Triad Two, were administered by the writer in
the ten classrooms over a two-day period, with no testing
being undertaken before 9.30 a.m. or after 2.30 p.me Oon either
day. As the writer had previously visited 2l]l the classrooms
on other occasions, he was known to the children, and no
rapport difficulties were experienced in administering the
measures in a relatively 'non-test' stmosphere (ef. Wallach
and Kogan, 1965, pp.20-24). The snswer forme were scored in
accord with the criteris (pp.74~75), and all scores, for boys
and girls separately, were converted into Stanine units, in
order to render the different distributions for bdoys and girls,
and in each of the modes, equivalent. The stanine scale, a
normalised nine-point standard scale in half-gigma units, with
equivalent standard score limits of -2.75 to +2.,75, percentile
rank limits 0.3 to 99.7, and having a mean of 5.0 with the two
limiting classes being 1 and 9, has been used extensively by
the E.T.S. (see Durost in Gronlund, 1968).

All pupils had been allotted a code number in order
to facilitate assignment to groups by use of a table of random
nunbers (Cochrane and Cox, 1957). The pupils were ranked,
high to low, in Stanine units derived from Triad One scores,
in six categories -~ the three cognitive styles and two sexes -
identification now being by code number. %Where pupils shared
the same stanine unit, two additional data were used in
determining renk order: (a) the difference between the dominant
mode and less dominant modes in stanine units, and (b) scores
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on Triad Two as an indication of consistency of preference
(1.e. generalisability). The experimental design regquired
four experimental groups and onc control group, each group
containing thirty pupils (fifteen boys and fifteen girls),
with five of each sex representing each of the cognitive
style dimensions, so that the basic cells contained five
children. A cut-off point on the ranked stanine scores, for
each cognitive mode and for both boys and girls, was set at
7, 2 lower 1imit equivelent to the standerd ecore of +0.75.
Thue, stanine units 9, 8 and 7 in each of the six categories,
defined the populet ion group, from which the subjects were
assigned at rendom using a table of random numbers (Cochrane
and Cox, 1957) and mupils' code rumbers. The rationale for
the particular procedure is provided in Kerlinger's (1964)
discussion of the maxmincon principle; in this case maximising
the between-cells variance (style), and at the seme time
minimiging the within-cells variance (style). Similar methods
have been employed in investigations where the individual
characteristice studied have had a relatively short psycho-
metric and research history (e.g. divergent thinking study of
Gallagher and Jenne, 1967).

Although the design requirements were for one hundred
and £ifty children, the mubers in each of the ranked, sex-
differentiated, cognitive style categories permitted the
assignment of one lndred and eighty children to six groups,
with a reserve pool of children who had deamat;-atod similar
categorising preferences to those ascsigned. It was, therefore,
decided to assign six groups, maintaining one group (the sixth)



as a reserve so that, should any pupil be sbsent for the

experimental period, it would be possible to a2llocate n

replacement, at rendom, from an egquivalent cell.

The minimal

requirements, for five groups only, are shown in Table I.

TAB 1s E LEVELS
ognitive ([Sex of | Raw Score Equivalents of| Maximum|Minimum
tyle Subjects | Stanine Scale Nuﬂ:m' FNunmber
Medlsble| Required
9 | 8 7

Descrip- Boys 14+ (13,12, (11,10, 9, 39 25

tive  loiris 11+ (10, 9, |8, 7, = 25

teal  loiris 16+ [15,14, [3,12,11,| 32 25

Relat-  [2OV® 21+ |20,19,18,17,16,15,] 37 25

ional |g9p3s 22+ |21,20, Nh9,18, 32 25

The means for cells for the five groups and six categories
were very similar, and revealed no differences which could not
be accounted for by chance variations alone. (The largest t =
1.20, 8 d.f., N.S.). They are shown below in Table II.

TABIE II: CELL MFANS FOR THE FIVE GROUPS
CmitivJ Sex of Group 1 |Group 2 |Group 3 |Group 4 Contrd
Style Subjects Group
mp_ Boys 8.0 8.0 8.0 8.0 8.0
tive |(oiris 7.8 746 7.8 748 7.8
[categor- Boys 8.0 T8 8.0 76 8.0
ical | 54r1s 7ol 7.6 78 7.6 | 746
el | eavie 8.0 840 748 8.0 | 8.2




Some restriction on the generalisability of any
findings from this investigation may follow from the fact
that this sample is from a school in which the average Otis
score is sbove the standard mean of 100. However, Tlleyv's
(1969, pp.140-155) re-standardisation of the Otis Test pro-
vides data which would suggest that the mean I.0. in the
school approximates the national mean for this age group. A
more serious restriction is that the subjects assigned to the
experimental and control groups were high scorers on the
cognitive style instruments. At the same time, the children
manifested no exceptional characteristics which would make
them merkedly different from other children of their age.

With the aid of 2 playing die, the groups were assigned
to control and experimental conditions. Tour groups were re-
quired for the experimental conditions, and one for control.
Although the sixth group was not reguired, it too was given
the control lescons, but the resultes of this group were not
processed. The function of the sixth group was to permit the
necessary crossing of rooms, time of day for teaching, and
general bl ancing of procedures for the control group. The
four experimental groups were then essigned randomly by coin
tossing, to the experimental treatments - two to R.F. and two
to R.D. The teachnﬁ, one male and one female, were similarly
assigned, so that each teacher was allotted two groups, one
to be taught dy Treatment R.E., the other to be taught by
Treatment R.D. Four clsssrooms only were availseble for the
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two afternoons on which the experiment was to be conducted -
the science room, the art room, and two large classrooms.
The experimental groups drew the science and art rooms, the
control group the classrooms. It was decided to equate
physical conditions in the exveriment by conducting the less-
ons so that the experimental groups had one of their two
lesaons (either first or second) in each of the rooms. Thus,
rooms and time of day were also assigned by random, using a
coin. The general balancing pattern is shown in the table

below.
TABLE III: ING PA i FOR THE EXPERIMENTAL LESS
': Teacher One Teacher Two Teacher Three
f Day OCroup h‘reat—;ﬁoomi['l‘ima:'rreat—aoom Time| Treat-Rom Timq?
k. ment _[nent y_ ment | |
11 REo| X |4 | ]
| 1
2 R.D. X 2
3 ReE.| Y | 2
L R.D. Y| 9
5 c P 1
2 1 RE.| Y| 2
2 R.D. Y| 1
3 REB.| X | 4
L RDe| X | 2
. ! ¢c (@ |2

Rooms were crossed to minimise differences in physical
environment; time of day was crossed to equate fatigue; and



for the teachers, the drder of teaching the lessons was
crossed to balance unsuspected influences of strain, prefer-
ence or initial nervousness at the beginning of the lessons.
Rather than use pupils as their own controls and confounding
the treatments, the two teachers were trained to teach each
strategy. Worthen (19683} adopted this practice in his study.

The final randomising procedure was related to the
pupils' classroom positions. The experimental rooms, of
similar size, lighting and ventilation, were equipped with
similar furniture, arranged to permit groups of six to eight
children to sit together. The effects of established pupil-
pupil relationships were unknown, and could have varying
effects. Therefore cards were prepared (5 inches x 3 inches,
folded to stand on the desks) on which were printed in bdold,
black letters one and a half inches tall, the Christian neme
and the initial of the surname of each child in the study.
Under the fold, in small pencilled lettering, were coded
symbols for the cell (e.g. R/B1 = relational doy, group one),
and for the pupil (e.g2. 25 R 5 = twenty-rifth boy on the
Form I echool roll, home room 5). The cards were randomly
distributed to seating positions before the children entered
the rooms, with two limits. Cirls and boys were placed in
separate groups ( a2 practice in the school), and, as far aes
possible, pupils from the same classroom were placed in
different groups. The control group was also treated in
the marmer Just described.

In sum, then, randomisation procedures were adopted
in assigning pupils to groups, groups to conditions, teachers

¥ In fact, the randomisation made the second 1limit unnecessary.
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to groups and conditions, groups to classrcoms and periods of
the day, The inltisl order of teaching the lessons wss algo
randomised. Tor lessons following the initisl one, those fac-
tors which could be intepchanged (order, room, neriods) were
interchenged. lowever, seating positions were held constant
for the lessons, teachers teught the same groups throughout, and

the same arrangement of furniture in each room was maintained.

THE GFNTRAL FEATURES OF THE STUDY.

Cronbach (41966) has emphmsised the need for more comp-
lex experiments, and Slegel (1967), in similar vein, has pre-
sented & cogent case for analysis of variance studies which
investipgste more variables than are included in those typlcally
reported. This investigation is focussed on interactions between
variables which srec believed to be important in teaching situa-
tions. The major independent varinbles were three cognitive
styles (deccriptive, inferential-categorical snd relational);
two teeching strategies (rule-explained end rule-derived); two
teachers; and the sex of rapils. The effects of two further
independent variables (objectives and occasions) were examined
by using four different science-content post-tests. The test
items sampled "objectives" at two levels (knowledge-understan-
ding, end applicetion-transfer), on two occasions (the day after
the final lesson, and fourteen deys later). 211 tests were
given at the same time, snd under the seme conditions for all
subjects.

The basic experiment, then, resenbled & 2 x 3 x 2 fac-
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torial design, with method, cognitive style and sex being the
threc factors. For control purposes, an additional factor,
"teachers'”, wos included in the design, while the factors
"objectives' and "occasions" were introduced to &ll multiple
devendent measures to be used in the experiment.

Scores from "different pupils” were obtained for each
level of teachers, method, cognitive style and sex. Scores
from "same pupils" were obtained for each level of objectives
and occasions. Tollowing Lewls (1968) and Winer (1562), "pupils"
were then regarded as 2 supplementary factor, one which was nes-
ted within teachers, method, cognitive style and sex, and yet
at the same time wes crossged by objectives and occasions. Such
a design can be classified 28 a seven-way experiment, cantaining
a double crossing of a nested factor. The nested factor "pupils”
was regerded as a random effect, while teachers, method, cog-
nitive style, objectives and occasions were taken to be fixed
effects. (See Appendix for further details of the design, for
choice of error term, and for general models).

The control group was considered aspart from the basic
analysics of variance design. Because the control group shared
some of the poat-measures, but not all, it was impracticadble to
enter cantrol group results into an already complex design.
However, the functions of the control group, amplified earlier,
indicate why it wes not intended to enter this group into the
analysis of variance. Further explication of data processing
and statistical features appears in later sections of this
chapter.



The cognitive style varisble has been considered in
some detail in Chapters II and V, and the manipulation by
stratified random sampling described. The fundamental cell
entry was five for each conceptual mode and each sex, glving
ten entries across cells for treatment by style contrasts.
Class group size is thirty, treatment groups size 1s sixty.
The size of the minimal cognitive style cell could not be
increased further without making class group size too large
for observation required to test the independence of the
treatments. Unfortunstely, the possibility that the restric-
tion on cell numbers could act to diminish the statistical

significance of any findings had to be accepted as a concomitant.

The treatments have been defined, and their criteria
delineated in earlier parts of this report (pp.76-79). It is
mmryteupgﬂthombyvbichthetuebemvwe
trained to apply each treatment, and to desoribe the tech-
niques employed to evaluate the independence of each treatment.

Ten second-year student teachers, whose academic study
in the Teachers College was science, were selected by members
of the science department. The criteria for selection were
that they showed superior ability in their science studies,
and had demonstrated sbove average competence in practice
teaching. GStudent teachers were selected for the experimental
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teaching beceuse of the anticipated gsensitivity to close
observation, method reversion tendencies and @ifferential
experience of primary school teachers already established in
the profession. Of the ten students, four (one man and three
women), who showed themselves to be confident, of similsr
intellectual a2bility (based on AL/AQ scores), of similar age,
and similar teaching skill (based on College supervisors'
ratings), were selected to be the teachers, while the remain-
ing six were to be the cobservers.

The nomination of which students were to fulfil which
of the roles, teacher or obsérver, was made after the group
had worked with the writer over a period of four weeks. The
total training programme extended over ten weeks, the meetings
and discussions, practice teaching and observations, averaging
more than five hours a week, giving a total in excess of fifty
hours. The training programme, smlmtary details of which
ere in the Appendix, included lectures, discussion and reading
related to:

(a) a study of learning theory and the relationship of this
to emerging theories of instruction,

{(b) =an examination of tesk anslysis and statements of objec-
tives following Cagné's models,

(¢) a detailed study of the conceptunl basis of the science
content - stability, its concepts and sttributes, and
ma jor principles,

(@) a study of cognitive styles, particularly the Kagan
construct, and some of the instruments used to define
them, and



(e) the development of a teaching paradigm to act as a
synthesis of the foregoing.

The paradigm thus developed was then applied to the
experimental tasks in formulating:

(a) objectives for Form I children displaying characteristics
believed typical of the experimental population in regard
to prior learning, attitudes to science, academic
achievement, and range of abilities;

(b) task analyeis, sequences and appropriate forms (enactive,
iconic, symbolic - see Waterhouse, 1968) of presentation
of conceptual learning on the topic of stability;

(c) teacher functions in the two treatments, R.E. and R.D.;
and

(@) generally detailed plans of the lessonse.

The treatment criteria already outlined in Chapter V
were built up and amplified, with the student group, so that
both teachers and observers were thoroughly familiar with
them. Apparatus and equipment was made, collected, ard dup-
licated, so that there were sufficient identical materials
availeble for gach treatment. Practice teaching was arranged
with two random samples of Form I Intermediate school children
from & non-experimental school, and with four groups of senior
primary pupils at a country model school. In this way, pro-
vision was made for each teacher to teach each treatment,
for the observers to practise their skills, and, incidentally,
for some of the tests and test items to be tried ocut. Each
prectice teaching session was followed by an evaluation and
discussion period, esiming at refining the treatments and
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inereasing their independence. By the time the experiment
was to be conducted, all students were completely au fait with
the requirements.

One limitation was imposed. No student teacher or
observer was informed about, or had access to information
about the cognitive style or intellectual ability of any indi-
vidual pupil. They knew only that the experimental and control
groups had a certain general composition, and that they could
anticipate certain prior learning and positive attitudes to-
wards the lessons, i.e. information relevant to good instruction.

To ensure that the treatments were those intended, two
obsérvers remained in each classroom for the lessons, one re-
cording teacher statements, the other pupil responses. Com-
bined, these gave a full transcript to check against portable
Phillips casseite tape-recordings made of each lesson. The
lessons were eguated in time - each lasting fifty minutes -
with a total time for each group of one hundred minutes. The
task analysis and prior planning ensured that each treatment
dealt with the same content, although in different sequences
and strateglies. Fach of the experimental teachers taught two
lessons on each of the two afternoons during which the exper-
iment was run. To allow for re-orientation to a change of
instructional method, to give a period of relative relaxation,
to permit apparatus, equipment and materials to be checked and
moved to the second classroom, and to allow time for pupil
name cards to be collected and issued in their random order,

a twenty-minute break was made between the two lessons on any
day. The first lesson each afternoon began at 1 p.m., the



second at 2.10 p.m.

Because the groups were random samples, some children
came from each Form I classrocm for each of the lessons. To
avoid confusion over lesson times and rooms, each member of
the school staff having pupils taking part in the lessone was
given a typed list, showing pupils' names, room numbers and
times for the lessons. To be doubly sure, each pupil engaged
in the experiment was also given an individual slip, on each
day, telling where to go and when to attend. This method was
valuable in helping to identify any absentees. On the morning
of the first day's experimental teaching, it was found that
six children were sbsent. Replacements were assigned at
random from the appropriate cells in group six, the vacancies
in this group being filled from the reserve pool. By good

fortune, the only absentees on the second day were from group

six. Thus, for the duration of the experiment, the experimental

groupe and the control group remained intact. The writer
visited each of the rooms, which were in close proximity, near
the beginning and end of each lesson, staying the same time in
each room and altemating his order of visiting. ¥No difficul-
ties were apparent, the lessons appearing tc Se as planned

and rehearsed.

Sblectives and Occasions.

Objectives occupy a somewhat paradoxical position in
methods research, a paradox evinced by freguent synonymous
use of the terms goals and outcomes, objectives and products.
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None of the teaching models published in various journals and
texts (e.g. de Cecco, 1968; Verduin, 1967) place objectives
in other than an antecedent position in directing teaching
strategies. The primacy of objectives is not only in direc-
ting the manoceuvres and tactics employed within any teaching
strategy, but is also in guiding the selection of appropriate
methods., Implieit in the two instructional aprroaches
employed in this study, as the review of the literature
suggesats, are different objectives. Furthermore, in the
evaluation process, the criteria by which judgements about
pupil performance are made, are two groupings of objectives,
both specific behaviocural cbjectives and broader curriculum
objectives. From performance, learning and achievement of
objectives are subsequently inferred (Gagne¢, 196%). The
tendency in much of the reported research is to regard pupil
performance, and thus "the objectives" as dependent. In one
sense it might be said thaet objectives are both independent
and dependent. However, it seems legitimate when conducting
methods research studies, to regard the treatment and the ob-
Jectives directing the treatment as independent, and to con-
sider performance as dependent.

There must be, it seems axiomatic, an interaction
between objectives and strategies, between pupils and objec-
tives. Education is a process in a time dimension, permitting
a most intricate and menifold matrix of interactions. Carroll
(in Krumboltz, 1965) defines three of the variables in his
model for school learning in terms of time (i.e. aptitude,
perserverance and opportunity to learn). The dbjectives in
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this study are measured in performances after a relatively
short time span. However, they are measured on two occasions
in the belief that school learning is "over the long haul".
Thus, objectives and occasions are built into the statistical
design. The time dimension, of course, brings with it the
measurement problems related to changes in scores, reliability
practice and regression effects. Cronbach (1966) has claimed
a need for longer term studies in classrooms, but, while he
is no douwbt Justified in making the claim, such studies would
require an entirely different research strategy from this one.
The broad objectives of the experimental unit are set
at two levels, as indicated by the selected exemplars below:

Example 1 - knowledge and understanding.

The children will demonstrate their understanding
of the concept eand principles of stability by the
following performances:
Identit'y obJects which are steble.
Recognise and state the attributes of such
objects.
Discriminate between examples and non-examples.
Suggest where the centre of gravity is located
in various cdbjects.
Demonstrate the effect of tilting an object until
its centre of gravity falls outside the bas€.es.

These behaviours will be demonstrated orally, through
menipulation, and, especially, through the selection
and mnmc{mn of correct and appropriate answers
in paver and pencil tests.

Example 2 - spplication and transfer.
The children will manifest, through performances
such as those listed, skill in applying and
transferring their knowledge:
Decide why newly presented or portrayed objects
balance in stable positions.
Select the most stable of several human balancing
positions.
Solve problems related to balance and stability.
Suggest waysto make a hanging object more stable....

Further examples of cobjectives are given in the appendix, where
they are used to exemplify the content validity of one of the tests.



Some degree of control was exerted over the prior
learning of the subjects. The school's science teaching
team had agreed to teach, for the fortnight immediately
- preceding the experimental unit, Unit 4 of the Forms I to IV
Seience Curriculum, and Fnergy. The Departmental
Science Cuides were followed, test items were prepared and
discussed with the teachers, who were thus fully aware of the
evaluative ceriteria to be employed at the end of the gravity
unit. The five embedded items were not, however, shown to
the school's science teachers, lest they insdvertently taught
the specific content of these items.

It was assumed that the randomisation procedures
adopted in assigning subjects to groups woculd have controlled
(McGuigan, 1960, pp.107-120) for a number of extraneous
varisbles, including general ability, reasding ability, level
of motivation, socio-economic status, and general attainment.
Hwﬁer, as a further check, measures of academic motivation
were constructed and administered. Their scores, together
with Otis Intermediste I.7. scores resulting from tests
administered by the first assistant of the school some nine
months earlier, were recorded, to be used in statistical
controls should tests show they were necessary. It was also
assumed that Hawthorne effects would act equally on each of
the experimental groups, and thus be balanced out by the
experimental design itself. Content, time, physiecal condi-
tions were equated and held constant. The teachers for all
groups were matched, but for the experimental conditions one
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was male, the other female. The techniques employed were
those clascified by MeGuigan (ibid., 1960) as balancing,
maintaining constancy of conditions, randomieing and equating.
Elimination and counter-balancing were not employed, because
of practical difficulties and possible confounding of the
treatments.

Obviously it is impossible to control all conditions
in near naturalistic settings, and the assumption that subjects
will regard the situation as not too dissimilar from normal
conditions underlies the whole experimental enterprise in
education. Observations of the children revealed general signs
of high interest, co-operation and involvement in all condit-
ions. Novelty factors may have contributed to this state of

affairs.

DEPENDENT VARIABLES.
The dependent varisbles are pupil performance on each

of the four post-tests, described in the chapter on experimen-
tal instruments. The items in the tests are conceptually
rather than factually oriented, in keeping with the whole
rescarch perspective. TFive items embedded in a test preceding
the experiment were designed to establish entry level, and
later, with answer alternatives re-randomised, were included
in the test of initial learning and the retention test. In
order to maintain comparability between the meassures, all test
scores were converted into C-scale units.
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"The C-scale has many of the asdvantages of the T-

scale. It refers obtained scorcs to a common scale

that is related to the normal distribution., If the
population distribution on a2 measured trait is normal,
then the distribution of C-scores properly represents
that population, and the units of measurement may be
regarded as ecual, It lacks the refinement of a small
unit such as that provided by the T-scale. On the
other hand, it probably more nesrly represents the
accuracy of diserimination actually made by means of

tests ...." (Cuilford, 1950, p.305).

As the range of scores on all four post-tests approximated
fifteen rew score units, and the distributions were not, by
inspection, different from a normal pattern, the eleven-point
scale represented little loss in precision.

Tt was also intended to use attitude scale data from
pre- and post~tests to evaluate motivational changes under
each treatment, but with only one hundred mimites of teaching
directed towards the achievement of cognitive objectives, it
was reslised that 1ittle change could be anticipated. The
stability coefficients (0.789 and 0.910) between the two
administrations (fortnight interval, ¥ = 120) provide justi-
fication for the position taken. The scores from these
measures, corrected for extreme response set, were also
converted into C-scale unite in preparation for regreseion
anslysis and miltiple correlations, in order to determine
whether or not attitudes to academic schievement and science
contributed sufficient veriance for them to be employed as

covaristes in an analysie of covariance.

DATA_PROCESSING.
A11 scores on the dependent meassures were converted
into C-scale units, This permitted assumptions about
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normality to be met, and increased the likelihood that the
assunptions of homogeneity would be met before analysis of
variance computations were begun. A number of studies (see
McGuigan’;”pp.285-286) have shown that analysis of variance is
a particularly robust statistical procedure, standing up to
all but gross violations of the homogeneity assumption. It
will be recalled, also, that the cognitive style scores for
each sex had been converted into stanine units, thus normal-
ising the distributions and permitting comparisons. The high
scorers in each mode (stanine 7 plus) were the population
from whom the sample was drawn. Thus, for all the measures
referred to, frequency distributions were drawn up, means and
standard deviations were calculated, and normalisation by
transformation into stanine and C-scales completed. Details
of the instruments, construction, item analysis information,
relisbility and validity data are reported elsewhere. All
marking was done by the writer, two checks on the consistency
of marking being made with other raters. One pupil from the
experimental groups was absent for the post-tests, and as she
had scored on the mean (stanine 5, C-scale 5) on pre-test
measures, the mean of post-test scores was entered as the
best prediction of her scores. (Travers, 1969, pp.357-358).
The analysis of variance model is based on assumptions
about the additivity of contributary variance, and the assump-
tions of the additive nature of variations are, in turn,
dependent on other assumptions. These include the mutual
independence of observations within sets (random sampling) and
experimental homogeneity and normality of distributions within
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sets (Guilford, 1950, pp.257-258). The assumptions concerning
mutual independence of observations within sets, and the norm-
ality of distributions within sets, were judged to have been
satisfied by the experimental procedures used. Kerlinger
(1966 ), in evaluating the factorial designs with three or more
variables, points out the disadvantages in complexity, and the
consequent difficulty of interpreting multiple interactions.
This study, however, 1s concerned with interaction rather than
with linearity. '

"In the opinion of some educationsl thinkers, the

study of interactions in educational research is

beconming increasingly important and should become

a central preoccupation of educational research

workers". (Kerlinger, 1966, p.228).
Analysis of variance also permits the control of some variables
(e.g. teachers) to be built into the statistical design, hence
allowing their influence to be geruged and compared. It seemed
to the writer that analysis of variance, then, was consonant
nthlthe research enterprise, and thet there wes no logiecal
incompatability between the statistical processing and the
experimental strategies. The particular form of statistical
design used (i.e. with crossed and balanced factors, and nested
factors) is justified and exemplified by lewis (1968).

However, there are certain consequences which follow
from the use of the statistical model and the data processing
procedures described. It has been argued that the "logle" of
the teaching paradigms gives priority to objectives, and so
places them among the primary independent variables. On the
other hand, the action of separately normalising each set of
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scores derived from the dependent measures, removed the
chance of gaining significant main effects for objectives,
while still permitting the possible interactions to be shown.
The core of the investigation was the interaction between
different levels of objectives and of treatments and cogni-
tive styles, in producing different achievements in science.
At the same time, the procedures used reduced the chances of
this occurring through spurious effects likely to be mani-
fested by combining the scores from the four science tests,
with their differing levels of difficulty. Another way of
conceptualising the design would have been to regard the four
science tests as sub-tests of the one measure of science
attainment, establishing a common scale, and using this as the
dependent variable. In this way, main effects for oﬁjoctivea
would have been illuminated, and no doubt the reliability of
the overall measure, being four times longer than any of the
sub-tests, greatly increased in comparison with the science
content tests.

Because general ability, defined by Otis scores,
contributed marked variance to the post-tests (r's 0.433 to
0.540), and had near-gzero correlations with the cognitive
style scores (-0.041 to +0.148 for girls, and -0.135 to
+0.095 for boys, N = 60 in each case), it was considered
appropriate and reasonasble to apply analysis of covariance
statistics to the post-tests, using I.0, as the covariate.
Multiple correlations with the dependent measures, previous
science attaimment, the two attitude scales, and I.Q0, as the
variables, were computed on an I.B.M. 1130 to give a check
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on whether or not a multiple covariate was required (Lindquist,
1953, pe336). However, with standard errors of the R's
ranging from 0.06 to 0.07, and the multiple correlations be-
tween the two extremes 0.399 and 0.623, it appeared that
little, if anything, would be gained in precision by using
additional covariates. The assumption of independence of the
covariate from the major varisbles, in particular cognitive
style, was considered met on the basis of the data above. The
remaining sssumption, homogeneity of regression, was tested
(Rdwards, 1969, p.338) and sustained by the non-significant

F ratios. (F's, 0.597 - 1.251, d.f. 23/72).

The analysis of covariance used takes each set of
scores on the four post-tests separately, and examines the
four major independent varisbles of teachers (an experimental
check), cognitive style, sex and treatments, with increased
precision - the variance due to I.0. being removed. In this
procedure, the nested-factor error term explicated by Lewils
(1968) is not needed.

While the statistics used are considered rigorous and
robust, there are educationally-difficult problems involved.
Analysis of variance methods assume within-group variance as
the error measure, but systematic wvariance resulting from
- particular characteristics not specified in the design is then
also included in the non-systematic error measure. Further-
more, the assumption of homogeneity of variance on a given
independent variable, while fitting in with entry behaviour
ideas, does not coincide with the possibility that effective
teaching may increase within-group variebility on given
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achlievements.

The biological research model with its associated
statistical procedures may be restricting in that increased
precision tends to be linked with decreased generality in
applying findings. (Sax, 1968). Thus, the very restrictions
and controls in the study may impose further limitations on
the investigation here reported. The two major analyses
were calculated, following the preparation of tables (Moroney,
1956; Lewis, 1968) on Facit and Monromatic electric desk cal-
culators. Analyses were also processed by I.B.M. electronic
computers, the data being recoded suitably. The analysis of
variance run was based on cell means rather than individual
cases. The analyses of covariance were four one-way compu-
tations. These provided a cross check with the manual
calculations.

The control chéck on treatments and teachers was
undertaken through the coded scores derived from Amidan-
Flanders interaction analysis. Two observers had recorded
separately the teacher statements and pupil responses, these
observations being combined later into a transcript of the
lessons, and used to assist the group of students listening
to the tape-recordings of the lessons. Three five-minute
samplings from each of the eight lessons taped were used as
the samples. The tape for one lesson was inaudible, and for
another was of shorter duration than the remainder. The
samples, because the counters on the recorders did not cali-

brate exactly, were close approximations to five minutes each,
with about one hundred three-second codings per-ssample being
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made. Because the cassette tapes permitted only thirty
minutes playing time, the first thirty minutes of the
first four lessons, and the final thirty minutes of the
second four lessons were recorded, the five-mimite samples
being alternate five minutes throughout. TFor the former,
the samples began with the first five minutes, for the
latter with the second five minutes.

Five student teachers, trained by a Teachers
College staff member who had studied the Amidon-Flanders
system in the United States, coded the lessons after re-
peated playings, until there was one lmndred percent
agreement on the codings. Nine of the ten categories were
followed precisely from the manual, the tenth being modified
to code practice, problem-solving and manipulation of appa-
ratus in groups. Combined metrices for each teacher, and
for each treatment, were drawn up, and total scores in each
catepgory converted into percentages. Tests for significance
of differences were then carried out. (Garrett, 1958, p.235).
Examples of the matrices, showing typical moves in the
teaching strategies, as well as totals and percentages, are
given in the Appendix.
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CHAPTER VII

THE TNSTRUMENTS

Apart from the Otis, no appropriate standardised
tests were available, and consequently all tests, including
the cognitive style measures, had to be constructed for the
purposes of this study. Sample items from the Conceptual
Styles Test, as available in several publications (Kagan et
al., 1963,1964; Gordon, 1966), provided a starting point in
the cognitive style area.

In all, ten measures were constructed, two of these
being administered as one test. The tests were:

Two Cognitive Style measures: Triad One and Triad Two.

A Pre-test measure: Force, Work and Energy - the
five Fmbedded Items.

An Attitude Scale (Pupil Opinion Survey), which was

made up of two measures:
E ; Academic Achievement Motivation, and
b) Interest in Science.
A Test of Initial Learning: Science Test - Part I: A.

An Application-Transfer test: Science Test -

Eg:t IT " A .

A Retention test: Science Test - Part I: B.

A Delayed Application-Transfer test: Science Test -
Part I1: B,

A Control Group measure: Simple Machines.
Samples of all tests, instructions and other data, appear in

the Appendix.
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Forty-two items (triadic groups of stimulus pictures),
of which eleven were published samples of the original Kagan
test, were sketched, photocopied, cyclostyled, and stapled
into booklets. Instructions and answer sheets were also pre-
pared for trial. At an Intermediate School similar to the
experimentael school, two parallel-stream Form I classes were
selected for the trial run. Scoring criteria were refined as
a result of the experience in marking the reasons given by
seventy-six children (Otis I.2. range 85~136, age range 126-
157 months, thirty-nine girls, thirty-seven boys) in the
preliminary testings. Two students, who were also engaged
in individual studies of cognitive style, check-marked thirty-
four scripts, and with discrepancies on only six ocut of the
one thousand four hundred and twenty-eight items, the marking
was considered guite adeguate.

All items were then analysed three times, once for
each of the three cognitive style categories, using upper and
lower 279 groupings and Flanagan's tables (CGarrett, 1958,
PPe365-368). Consequently, four discrimination indices were
estimated for each item, three for the three cognitive styles,
and an overall sverage discrimination index. It was decided
to use a cut-off level of ,35 for average item discrimination,
end .25 for any particular mode. Of the forty-two items,
twenty-ive were retained, ten of the original Kagan items,
and fourtesn newly constructed ones. Two of the items
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retained did not meet all criteria. One, a Kagan item, had
an overall discrimination of .37, a discrimination for des-
criptive mode of .63, for relational mode of .78, but failed
to attract responses in the categorical mode. The other had
an overall discrimination of Jili, descriptive .37, relational
«77, and categorical .23. The average discriminmation of the
twenty-five items making up the final test was .56, range

«23 to .88.

While discrimination indices are indications of item
validity rather than test validity, it was hoped that the
newly constructed items would display discrimination indices
of a similar pattem to those of the established Kagan items.,
In fact, the twenty-five items selected for the test fell
within the range of average diseriminations .37 to .76, the
two limiting indices being those of the Kagan items. As
another clue to test validity, it was also hoped that sex-
different response patterns, similar to those reported in the
Kagan studies, would be evident. This was quite apparent in
the scores. For example, means and standard deviations (in
raw scores) showed the pattern anticipated, with a significant
difference between relational means (t = 3,755, d.fe 74, p =
< +005) .

| Deseriptive | Categorical | Relational
rm S.D. Mean @ S.D. | Mean 'I SeDa
' Boys 7o1h | 6.35 | 8i5 | 6.0 | 7u28 | 71

i
oirls | 4,97 | 4450 | 7.07 | 5.06 |12.76 | 5.15
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Two of the students assisting with the scoring were
engaged in a statistics project under the guidance of two
senior members of the mathematics department of the Teachers
College, and had administered the trial instrument to thirty
Standard I} and thirty-six Standard 3 children respectively.
The split-half reliability quotients for the descriptive mode
were, in order, .9 and .91 (all calculations having been
checked by the students' supervisors). It appeared likely,
then, that an adequate instrument could be constructed from
the retained items.

The black and white line drawings were deliberately
kept as close in style to the Kagan items as the writer could
manage, i.e. not toco precise or exactly representational.

The retained items were coded 1 - 25, and, with a table of
random numbers, arranged in final order (two items to a page),
and stapled into booklet form, with the instructions making
the front sheet. As a result of observation of some errors
in pupils' recording of pairings during the trial testing,
the items were numbered consecutively. However, the stimulus
figures were lettered, not 2 b ¢ repeated throughout for each
item, but in the following fashion: 1 abdbe; 2def;
3abe; 4L aef; etec., wvhich is the method adopted in the
S«TeE.P. battery. The answer sheet was not chenged ir general
formet from that used in the trial testing. The refined test
was administered to yet another group of children, randomly
selected from the Form I classes at a third Intermediate
School, in order to ensure that the instructions, bocklet
form and answer sheet 'ulo adequate. As only thirty children
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(rifteen boys and fifteen girls) were in the group, statistical
data were not analysed rigorously. It was noted, nevertheless,
that the response pattern across styles and sexes approximated
that found with the trial test and that reported by Kagan.

The pattern, in median raw scores, was: for boys, descriptive
7, categorical 4 and relational 3; and for girls descriptive

L, categorical 5 and relational 5.

Reliability.

The refined form of the twenty-rive item test was
administered to all children in the ten Form I classes at the
experimental school late in the second term, some six weeks
before the experimental study was to be conducted. This all-
owed sufficient time for a test-retest study of the responses
of a random sample of Form I children, with a four-week inter-
val, two of the weeks being school vacation. This interval
seemed desirable in order to counteract any effects of test
novelty, and to inhibit pupils from remembering their original
statement of reasons. With the aid of a table of random num-
bers (Cochran and Cox, 1957), thirty boys and thirty girls
were selected acrosi all ten classes, and the test was re-
administered. A stability coefficient was considered to be
necessary, as the cognitive style construct was a major inde-
pendent variable in the study, because of Kagan's claim about
the stability of categorising preferences, and because of
Carroll's arguments about the importance of time as a factor
for any theory of teaching.

The coefficients for the three modes and two sexes are



113.

shown below. The N in each case is twenty-nine; two children

(one boy and one girl) were sbsent for the re-test.

TABIE V: ﬂABI§§E COEFFPICIFNTS FOR COGNITIVRE
v

Descriptive | Categorical | Relational
Boys «839 «753 «857
G‘i 1'13 - %3 0778 .935

Yalidity.

The cognitive style measure appeared to have good face
validity in that the items constructed were plainly of the
same form as those designed and used by Kagen and his assoc-
iates. A further indicator was furnished by the fact that the

items defining the upper and lower limits of the discrimination

range were two of the original Kagan items, sugresting that
item wvalidity was satisfactory. It has already been implied
that one measure of construct validity would be the extent to
which the test separated boys and girls, perticularly on the
descriptive and relational response modes. The medians repor-
ted above all demonstrate the pattern theoretically predicted,
in which boys at this age make more descriptive responses than
do girls, and girls at the same age make more relational res-
ponses than do boys.

In order to make a more precise evaluation of the
hypothesised sex differences in categoriging styles, mesns and
standard deviations (based on the scores of the random seample
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from the experimental school) were calculated on an Olivetti
Programmer 101. The between-sex means were found to be sig-
nificantly different for both descriptive and relational
modes (t-tests, two-tailed).

TABLE VI: BET RFN-SEX DIFFERENCES IN COGNITIVE STYLE

| Descriptive | Categoricsl Relational

Boys Cirls | Boys (Girls | Boys Cirls
Mean | 7.183 | 5.034 | BB | 6,966 | B.724 | 12.862
S.D. | L4.918 | 3.718 | 5.9k | 4.200 | 6.584 | 6.390

N 29 | 29 29 | 29 29 29 |
a.r. | 56 56 56

t | 212 1.166 2,432

D - 02 NeSe < <02

One further suggestive trend supporting the argument
for construct validity was evident from an examination of
response sets on the attitude scales. Differences between
sexes and between styles were noted in the number of extrenme
responses made. Using the formulae from Garrett (1958, ppe.
223-225) for small samples, pooled S.D., and S.F. were com-
puted, and t-tests (two-tailed) run to test the null hypothesis
that no real mean differences exist between boys and girls on
each cognitive style measure, nor within the sexes in each
mode.

Table VII summarises the results.




Descriptive Categorical Relational
Boys GOirls Boys Girls Boys Oirls

Mean 8.840 10,920 10.000 9.160 (10.160 12.040
5.D. 6479 14636 | 6.589 5.072 | 7.565| 5.256
N | 25 | 25 25 25 | 25| 25
Within- DxC DxC |CxR CxR RxD|RxD
CSex t | 1.199 | 2.448 [<1.00 |3.770 | 1.266 | 1.530
B NeSe [ <e02 | NuS. |<e0l | N.S.| N.S.

' Between-

Sex t 1| 249 == 1.00 1.952 |

' D | = «02 NeSe | <« «10(N.S.)

In interpreting the results it is well to remember that for
the four experimental groups and one control group, the
children who provided the new data had been assigned on a
stratified rendom basis. They were high scorers on the
styles-measure, and this would have increased differences be-
tween copnitive style groups. Thus, while the aull hypothesis
is not sustained in regard to the between-sex differences on
the descriptive mode, nor in regard to the girls' differences
in extreme response scores between the descriptive and cate-
gorical modes, and between the categorical and relational,
the grounds for not supporting it may be contingent on assign-
ment, rather than a product ol more general differences.

A little more confidence in the wvalidity of Triad One
was gained following ohservation of chilirem at work during
one of the attaimment testa. The first seven children to
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finish had scored highly on the relational style; the last
eight had scored highly on the descriptive style. In the
latter case all were boys, of whom two had the highest des-
criptive scores in the school. The seven children completing
the test first were girls. Unfortunately, it was practically
impossible to record more precise data across the one hundred
and twenty children in the testing situation. Overall, the
evidence for wvalidity asppears to be strongly suggestive
rather than definitive.

Iriad Two.

Triad One differs from Triad Two in requiring only
one selection for each group of stimulus pictures. They are
similar in agking for a pair grouping, for a statement of
reasons, in having no time restriction, and in their non-test
orientation. Item discrimination data accompanies the test
samples in the Appendix. The development and testing of
Triad Two parallelled that of Triad One in item construction,
trial population and testing, and item discrimination proce-
dures, but there was one point of departure. The instructions
for Triad Two, which comprised five triads, ask subjects to
make three pair groupings from each set of three stimulus
pictures. The same two stimull may be chosen for different
reasons on each occasgion, different pairs of stimuli may be
chosen for essentially the same reason or reasons, and pairings
may differ for each of the three selections.

The reasons for constructing Trisd Two in this way
were because:
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(a) the power of any item to attract one response category
dominantly has not been ascertained;

(b) it provided, in this form, an indication of generalis-
ability;

(e¢) it supplied a compromise between individual object-sorts
and a group conceptual styles test, and

(a) it provided a check to balance against a single measure
criterion of cognitive style.

Item discrimination (procedures as for Triad One) for
this short test was surprisingly good, with twelve indices
being estimated for each item, for the three styles, for the
three choices and with three average discriminations across
styles for the three choices. The mean discrimination based
on the sixty indices was .61. The figures for Ttem 5, the
item with the highest average discrimination index, are given

below in tabular form.

TABLE VIII: DISCRIMINATION INDICES (ITEM 5,TRIAD TWO)

beacriptiva Categorical Relational Across Styles |
As 1st choice «66 o71 <81 73
As 2nd cholce <84 «50 .98 77
b 3ra choled .76 .38 .68 .61

Other features which Triad Two shared with Triad One
were patterns of sex differentiation (and thus walidity), and
patterns of test-retest reliability figures. Iike the maJjor
test, the short-form Triad Two showed lower relisbility
quotients for the categoricel mode than for the other two modes.
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'ABLE IX: ILITY COEFFICIENTS TAD TW
Descriptive Categarical Relational

Boys 784 589 <843

Girls .808 b1l 812

(N = 29 for each sex, each style.

Interval 4 weeks)

The scores from the two tests were correlated
(Pearson product-moment), with the following results:

Descriptive Categorical Relational
Boys 06& oW-l- 0627
Girls 618 214 554

(o correction for attermation was made)

The moderate coefficients may be interpreted to indi-
cate the change of task from a first choice only (Triad One)
to a three-choice situation (Triad Two). If this is a
reasonable interpretation, it would be consonant with some of
the findings discussed in Chapter II, where it was suggested
that stimulus end task factors make demands on & subject which
may be incongruent with the subject's preferred mode of cate-
gorising. Thus, the low relationship some writers (e.g.7achtel)
report between embedded-rigures tests, which demand analysis,
and conceptual styles tests, which permit the expression of
preference, can be understood in terms of task demand and
ability to perform.

Another feature merits comment. Kagan has remarked
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that his results are more striking for boys than for girls,
but the dsta found in this study suggest that girls might be
more stable in their preferences at this age; certainly the
standard deviatiors for girls are generally less than those
for boys, and, apart from the relational mode with Triad Two,
the girls' scores show slightly higher stability coefficients
over a four-week period than do those of the boys. The gen-
erally lower relisbility figures for the inferential-categor-
ical style may be asccounted for by several possibilities:
scoring inconsistencies, verbal facility, the possibility
that this mode is a later developmental acquisition than
either the descriptive or the relational, or the relative
attractiveness of the items which tended to be less discrim-
inating for this mode.

It was necessary to conduct one other check, a check
on the reliability of the marking criteria., A staff collesgue,
whose owvn research had been in a similar field, was given a
random sample of thirty answer sheets especially reproduced
8o that no marking clues were available. After a brief dis-
cussion, during which he was given written criteria for scoring
the answer sheets, he marked the thirty papers. On an item-
by-item count, a 96,847 agreement between the original scoring
and the check marker's scoring was revealed. Correlations
between the two markings and total scores, mode by mbde, were
very high (descriptive r = 0,994, categorical r = 0,987,
relational r = 0.992). As the writer had performed all the
originel scoring, this confirmation of consistency was Judged
to be very satisfactory.
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SCIENCE CQNTENT MEASURES.

The general procedures adopted in constructing the
science tests for this investigation were as follows:

(1) The objectives of each test were defined as clearly
as possible, in order to secure maximum face va-
1lidity of the items as they were devised. A content
analysis of the unit, together with its relationship
to the immediately preceding curriculum unit, was
made. This was not as rigorous or as detailed as the
Gagné (1965) models, but, in keeping with suggestions
made by Scandura (1967), specified the major concept-
ual components of the unit. Bloom's taxonomy was
similarly simplified to two main levels:

(a) knowledge and understanding of attributes,
concepts and principles, and

(b) eapplication and transfer to related and other
situvations, e.g. physical education.

Both diagrammatic and verbal components were used in

constructing the items.

(11) Because it wos desirable not to exceed sixty minutes
at any one testing period, and because on one occasion
three tests were to be administered, it was decided to
restrict the science tests to twenty items each.
Within these limits, the content of the tests was
chosen to include as wide a range of relevant material
as possible, consonant with the test objectives and
known abilities of the 11 - 12+ year age groups.

(111) Sufficient items were constructed for about one-~third
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to be discarded, and yet leave enough for adequate
instruments.

Because the content was situation-specific, and
included a large proportion of materisl not usually
covered in the school science syllsbus, it was im-
possible to employ the conventional pretesting of all
items. For was it possible to use children from the
experimental population because of sensitising prob-
lems, practice effects and discussion among pupils
subsequent to testing. The compromise adopted was

to use some of the items as informal evaluation
following practice-teaching with children from other
schools; to try some of the items with Teachers College
science students; and to submit the tests to five
Teachers College staff members (two science lecturers,
one physical eduecation lecturer and two education
lecturers), and to a senior member of the school staff,
for examination of their quality in regard to item
construction, conceptual accuracy and probable 4iffi-
culty. This resulted in the elimination of many items
and the rewriting of others.

The final version of each test was designed to begin
with two or three easy items which could be answered
successfully by most of the children, and to have a
gradient of 4ifficulty pemitting discrimination over
a fifteen-point range. The ranges for the five tests
were, in fact, 17, 15, 16, 15 and 16.

The item analysis procedures used for all science test
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items were based on upper and lower 27% groups
(Connaught and Skurnik, 1969, pp.225-232). This
method, with Flanagan's tables, has been reported
to be highly effective and very accurate. (ITbid.)

(vii) A1l tests were estimated to require a maximum of
thirty minutes for all children to complete, and
were not speeded. There was no pupil who falled
to complete the test.

(viii) Two of the tests, Science Tests IA and ITA, were
administered on the day following the final lesson.
The other two, Science Tests IB and IIB, were given
fourteen days later.

The Pre-test.

Many authorities (e.ge. Winch and Campbell, 1969) have
pointed out the problems arising from pre-tests which sensi-
tise pupils to the experimental lesson content, and so
introduce a confounding effect to an unimown extent. This
is especially true when one of the treatments regquires subjects
to derive principles with a moderate degree of guidance.
Accordingly, it was decided to follow a strategy employed by
Wittrock (1963%), and to embed five multiple-choice concept
items in a test which evaluated a2 recently-taught science unit
on force, work and energy, this unit being taught immediately
prior to the experimental unit. It was anticipated that the
discrimination indices for these five items would be low, and
that each item would be answered correctly by one pupil in

four, approximating chance expectations with items having
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four choices and dealing with completely new material. These
five quite different items with choices re-randomised on each
occasion, were to re-appear in the test of initial learning
(science Test - Part I: A), the retention test (Science Test -
Part I: B), and in a retention test for the control group.
The history of the items over the three occasions is tabulated
below, calculations being based an scores from upper and lower
27% groups and Flanagan's tables.

TABLE XI: ANA A FOR EMBE
| | |
Itemg Difficulty levels Discrimination Inlicq
Pretest | Initial|Reten- | Pretest! Initial Reten- |
Teerning tion leerning tion |

1o | o027 | o35 | o38 | o7 | 57 | 56 |
2. 24 22 35 27 27 48
5. | .16 38 | JME | .21 b7 |
he | 23 | 50 | 53 | .36 | .57 | .M
| Se 08 | .18 «30 A 19 .58 o3

Confirmetion of near chance scores at entry into the
experimental conditions was gained both from the difficulty
and discrimination indices, and from analysis of covariance
data, which revealed nesr zero regression coefficients (.,019 -
+163) with the four post-tests. It therefore seemed legitimate
to regard the entry level for the experimental content to be a
zero base line. The history of the five items was interpreted
as supporting the general procedure adopted in test construc-
tion, since items could not be pre-tested and analysed where
pupils had not been given the opportunity to learn the material.
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The material was speclally selected for the study because
the science concepts and principles involved were novel to
the children, were representative of, but not part of the
new science curriculum, and could be taught with equal
appropriateness by either of the treatments.

The pre-test was administered by class teachers, two
days before the experiment began, all testing being commenced
at the same time (11 a.m.) with no time restriction. As ex-
pected, all children eompleted the test within thirty-five
minutes. The embedded items and those making up the embedding
context had been previously scrutinised by the sclence teachers
of the school, to ensure that the level of difficulty, wording,
content relevance, and the form of the items used were sult-
able. Administration by class teachers, it was hoped, would
prevent the puplls from associating the experiment with the
test. Each teacher received typewritten instructions on the
administration of the test, following a briefing session. As
far as could be ascertained, there was 1little between-class
variation in adminiatrafion. Total scores gained by the pup-
ils conformed closely to those expected by the teachers of
the science classes. The two senior sclence teachers who
scrutinised the embedded items, did not teach the tested unit.
Those who actually taught the unit had no prior knowledge of
the enbedded item content, but had received informat ion about
the remainder of the test.
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The Pogt-tests.

Four post-tests were constructed. The tests of
initial learning and of application-transfer were administered
to all subjects in the school assembly hall at 10.45 a.m. on
the day after the lessons had been completed. The tests of
retention and of delayed application-transfer were also
administered in the school hall, at the same time of day,
fourteen days later. Administration in the school hall en-
sured that all subjects shared the same conditions, and had
the same examiner to give instructions. Because the seating
was arranged so that the children had separate desks, and
with four adults to organise the issue and collection of test
materials, as well as giving assistance with any reading
difficulties which might hinder a pupil's response, super-
vision was deemed satisfactory. There was no sign of copying.

The test of initial learning (Science Test IA), de-
signed to measure knmowledge and understanding of the experi-
mental concepts and princinles, was ad justed by re-ordering
answer choices, using the E.T.3. table of rendom ordering,
and was then presented to the children a fortnight later as
a retention test (Science Test IB). The items in the initial
learning test were analysed subsequent to the administration.
Of twenty items, three were marginal in diseriminating power
(18, 18, +19), dbut the rest were Juiged to be satisfactory,
the mean discrimination index being .47 (range 18 - 71).
Ordinarily the three marginal items would have been eliminated,
but it was decided to retain them becesuse of their face wvalid-
ity. Re-randomised, as they were in the retention test, only
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one of the same twenty items had a discrimination index below
34, and the average diserimination was J49. It was considered
that the items were functioning in the intended fashion, and
that item validity was at least satisfactory. Of the three
merginal items retained from the test of initial learning,
only one (Item 4) failed to give a normalised biserial coeff-
lecient of .30 or better; it appeared that the diagrams may
have contributed to its low diserimination power., In each
test, the first six items had difficulty levels of 657 ranging
up to 937, and three of the final six iteme were at the 30¥
level or lower. This confirmetion of judged difficulty levels,
together with the item analysis data, provided some justifi-
cation of the general procedures adopted in cmstructing the
dependent measures. Apart from the face validity of the tests,
some support for the validity of these two tests, and of the
five pre-test items, is derived from the increasing discrim-
ination power of the items over time.

The first test of application-transfer (Science Test
IIA), like the initial learning and retention tests, was a
twenty-item mltiple-cholce (four alternatives) test. The
content of the items ranged widely; six were related to
balence and stability in physical education, two to boating,
8ix to everyday objects such as vases, kites and pictures,
and the remainder were simple problems. Again a wide range
of difficulty levels was evident, four of the first six items
giving difficulty indices of .72 up to .81, and two of the
last three items falling at .33 and .37, with a mean difficulty
level of 54. TFive of the twenty items were marginal in dis-
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criminating power, falling only Just below the cut-off point
of .20; the overall average discrimination index being .43.
From this data, it was apparent that the test was adequate,
but less satisfactory than the tests of initial learning and
retention. The heterogeneity of this application-transfer
test i1s shown by a Cuttman homogenelty-coefficient of 437
(Thorndike, in Lindquist, 1951, p.581).

The second application-transfer test, (Science Test
IIB), differed from the other science content measures, being
supplied-response in item-type. The eight items gave a max-
imum possible score of twenty, as was the case with the other
tests. Stringent marking criteria were established for both
the verbal and the pictorial responses. It was hoped that
the responses would be non-verbatim, reflecting in the sub-
Jects' own words the concepts and principles taught. This,
indeed, was what an examination of the responses verified.
By setting a criterion of 50% or more of the maximum marks
for each item to define a correct response, and by using
Flanagan's tables with upper and lower 277 groups, an estim-—
ation of difficulty levels and discriminative power was made.
The mean discrimination index was .59 (range .25 - .77), and
the average difficulty level was 42.6% (range 15%¢ - 65%).
One further intention was to test a wide range of applications
in a heterogeneous test. A Cuttman coefficient of homogeneity
of 468 suggested that this had been achieved. A random sam-
ple of twenty papers, specially reproduced and marked by a
staff colleague, gave a correlation of 0.956 between original
and check marking. This would have been higher had not the
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check marker omitted to record the score for two items.

The control group test (Simple Machines) was not
formally analysed as were the other sclence content tests.
This test was included for two reasans - on practieal grounds,
to equate testing time across all groups, and to give a test
of the ocbjectives implicit in the teaching experienced,
rather than risk frustration by asking children to transfer
what they had not been asked to learn. The same care was
teken with the construction of this test as was taken with
other tests.

Relisbility.

A domain sampling view of reliability carries the
clear implication that optimum sampling over a domain, in
order to have a reliable measure, should involve a sufficient
and representative sample replicated over time. Such a view
- would suggest tests with a large and skilfully selected range
of observations, which are consistent with cbservations taken
over the same domain on another occasion. However, parallel
forms are not easily constructed, and may not always be feas-
ible, for practical reascns, in field experiments. Split-half
procedures depend also on assumptions of equality in items;
equality, that is, in diffieulty levels, in opportunity to
answer (time), in pupil readiness (prior learning, mood,
attitude and so on) to snswer each item, and, implicitly,
gome similarity of content and intention. "Reliability is a
matter of the adequacy of the sampling of items ss well ss
the consistency of behaviour of each individual.” (Thorndike,
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in Lindquist, 1951, p.577). As far as discrimination is
concerned, the items are generally very satisfactory.

However, test length, difficulty levels, test
heterogeneity and the heterogeneity of the population
sampled, will affect the reliasbility indices resulting from
internal consistency. (Garrett, 1958). Internal consistency
measures are appropriate when tests are not speeded. As none
of the tests used in this study was a timed test, split-half
relisbilities using an odd-even split, were calculated. It
was realiced that the coefficients so gained might be de-
pressed because of the factors referred to above, and because
the experimental teaching itself, with a defined population,
might decrease within-group variance. The tests covered
broad objectives, and so were not narrowly homogeneous, items
were deliberately constructed to have a wide range of 4iffi-
culty, and the tests were limited samplings (maximum of twenty
items). Purthermore, it was not really appropriate to have an
extensive test development programme, because of the content
chosen.

The table shown on the next page gives a corrected
(Spearman-Brown formula) internal consistency indices,
Guttmen homogeneity estimates, the single stability measure
possible, and other test data.



Test IA |Test TIA Test IB |Test IIB

Corrected internal .
consistency coeffic- 684 | L470 637 492
ients (split-half) '

Guttman homogeneity
coefficlents 452 L3 <662 468

Stebility coefficients
(fourteen~-day interval)| .660 - - -

Correlation with
Otis I.Q. scores 433 526 «540 L9k

Standard error
iraw score units) 1.433 2.082 1.700 f.oﬁg

C-scale units) 1.475 1.434 1.119
Reliability estinmate
of double-length test 812 <639 o778 659
Range h =48 |4 -17 |6 =-20 |3 - 18
Mean 12.975 |10.496 [12.923 [11.381
S.D. (rew scores) 2.55 2.86 2.82 2,91
N 150 120 120 | 120

These data are reported fully because the moderate
relisbility coefficients must affect the confidence one places
in any results from the experiment. A mumber of points arise
from an examination of the data. Had the tests been twice the
length, the internal consistency indices would have been more
satisfactory. Kerlinger (1966, p.il2), in his discussion of
reliability, meskes this point strongly. "Summarily, more
items increase the probability of accurate measurement.” The
correlations with Otis I.Q. are of interest in that a propor-
tion of wvariance is indicated, which, if removed by analysis
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of eovariance, could influence the precision of the whole
experimental study. The study is confronted by two sampling
problems, insofar as it samples subjects with defined
characteristics as well as a knowledge content domain. The
low relationships between Ctis T.0. and the cognitive style
scores of the experimental group (reported in Table XIV)
suggest that to use I.C. as the covariate may have effects
on performance measures without vitiating the subject
sampling. Nevertheless, the reliasbility figures do point

to the need for caution when findings are considered.

THE ATTITUDE SCATES.

Two attitudinal scales, a measure of academic achleve-
ment motivation and a measure of science interest, were
constructed, and the two scales (for administrative purposes)
were combined in an instrument called Pupil Opinion Survey.
The achievement motivation scele consisted of twenty state-
ments, modification of questions used by Entwhistle (1968)
and Russell (1969), to which the subjects responded on a
five-point Likert-type scale, ranging from Strongly Agree to
Strongly Disagree. Ten items designed to measure interest in
sclence were interspersed among the twenty, order and position
of items being randomised during construction. Kerlinger
(1966, p.487) suggests that the summated rating scale is most
useful among the commonly used scales (equal-appearing inter-
val and cunmlative), and yields results which are more or less
equivalent to the more laboriocusly constructed ones. A panel
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of judges, Tour Teachers College staff teaching either science
or educational pasychology, examined the items, agreeing com-
pletely on the appropriateness of the weightings rroposed for
each. Tn both scales, half of the most favourable responses
were negative in orientation, 1.e. "strorgly disagree"” indicated
a favoursble attitude %owards academic achievement, or expressed
a positive interest in science. This was necessary to minimise
bias due to dispositional tendencies to agree or to disagree
with given statements. The welghtings recommended by Fdwards
(1957, pp«149-171) for a five-point scale are 0, 1, 2, 3 and

i, and these were used with this irstrument.

The combined measure was tried out with 2 random sample
of Form I children (VW = 58) at an Intermediate School similar
to the experimental school. The trial administration was
conducted on two occasions (the nrasctice-teaching occasions),
twenty-nine children responding on each. Student teacher
observers recorded comments on the children regarding their
eagerness to answer questions, their persistence on lesson
tasks, thelr apparent interest in the science content. It was
not prossible to make an accurate‘ observation on some children
who esppeared to co-operate quietly, but whose behaviour was
rather unrevealing of attitudes to science and to achievement.
However, those children manifesting high interest in science,
or a desire to perform well academically, also tended to rate
themselves highly on the instrument. The highest scorer on
the self-report achievement motivational scale was a girl who
displayed great eagerness to ask and to answer gquestions, to
such an extent that other children began to show signs of
restlessness. This informal observation suggested that the
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instrument was achieving the purposes intended, and need not
depend on its obvious face velidity alone. .The means of high
and low groups on individual statements were compared and
retained if the high group mean clearly exceeded that of the
low group. That this simple approximation method worked is
shown by the later, more formal enalysis of items. For
example, the ﬁlenty items of the academic achievement moti-
vational scele gave a mean t-value term of 4.56, only one
item (Item 5, ¢t = 1.,72) failing to reach the value 1.75 which
indicates significant differences between high and low groups
in average responses, providing there are 25 or more subjects
in each of the groups. (Upper and lower groups 4O, total

¥ = 150).

The trial testings increased confidence in the
instrument. No reason was found tc alter the instructions,
or change the wording of eny item; rapport was easlily estab-
ligshed, ard the children eppeared to answer frankly, enjoying
the non-test situation. It was found necessary to stress care
in answering each item, as a very small number of children
marked one answer twice, leaving sn adjacent answer space un-
marked. One source of concern remained. Some children
responded only at the extremes of "Strongly Agree" of "Strongly
Disagree"”, not chcoging intermediste responses, while other
children chose only the intermediate categories and made no
extreme responses. It wes decided to correct the scores by
reducing each item to a three-point range, but, at the same
time, keeping a record of the original score and the number
of extreme responses made by each subject. As was done with
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other tests, frequency distributions were dreawn up, and the
scores normalised by convertion into C-scale units.

The final test form was administered by class teachers,
in 211 the Form I rooms, at 11.30 a.m. on the same day, twelve
days before the experiment, in order to minimise the possibil-
ity of pupile associating the instrument and the experimental
treatments. The teachers had all been given typed copies of
instructions at a briefing meeting. From comments made by
the staff of the school, it appeared that the children answered
freely, and enjoyed the slightly novel activity. The test was
not timed, but most children finished it in twenty minutes.

While an approximation method of gauging item dis-
crimination had been found useful in the preliminary stages,
the full t-test method described by Fdawards (ibid., pp.152-155)
was applied to the final tests. These were considered very
satisfactory. The interest in science scale gave & mean t-
value term of 6,09 for the ten items.

The reliability of the attitude scales was calculated
from test-retest data, with a fortnight interval, to produce
ata‘bility‘eoef_‘ficients of 0,789 for attitudes to academic
achievmt’. and 0,910 for attitudes to science fm schools.

In order to have a further basis for checking the
validity of the instrument, a Form I c¢lass at an Intermediate
School other than the experimental school, was given the
achievement motivational scale, and the teacher was asked to
rate, on & fiia-po:lht scale, her assessment of her pupils'
desire to perform well academically. The obtained correlation
(Pearson product moment, ¥ = 32) was .259, a low relationship
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which requires some additionsl comment. Twelve of the
seventeen boys indicated greater desire to achieve well in
school than the teacher would heve predicted. This pattern
was noted with seven of the fifteen girls. Agreement between
the woman teacher's rating and the girls' self-rating occ-
urred with 477 of the cases, but between teacher and boys in
only one case. Correlations between pupnil self-opinion and
teacher ratings are subject to a great many errors, and even
high correlations are likely to be suspect. In this case,
there are several probable sources of error; one speculated
possibility is teacher-misperception of boys, another that
the teacher's judgement is related to past achievement,
another that the pupils were trying to plesse the examiner
in selecting certain responses. The last possibility, however,
is not supported by a serutiny of individual responses. The
Otis I.Q. means for boys (107.6, range 91 - 119) and for girls
(104.3, range 93 -~ 118) 414 not provide any reason tobelieve
that attainment would differ greatly. 2s the mean score on
the instrument was the same for both boys and girls, the
possibility that the teacher's perception of boys differed
from her perception of girls seems not improbeble.

The final measures were correlated with I.C., the
post-tests, and with each other, the results being shown in
the table on the next page.
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TABLE XIXI: CORRETATT OF ATT ALE
D PO

TeOo | AeMe | I.S. | TEST | TEST | TEST | TEST
IA {

IIA IB IIB
Academic
Achievement o318 - o35h | o332 | 194 | 312 | 231
Motivation (A.M)
Interest
%x; §c:;.ernce A6 | 354 - 219 | <353 | 293 | 334

(r's above .254 significant at .01; above .195 significant
at .05. (4.r. 117) ).

It 1s interesting to note the slightly higher, though
non-signi ficantly different, relationships between the two

scales and the various objectives measured by the post-tests.
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CHAPTER VIII

ESE F 1

The findings reported in this chapter are organised
in sections related to the areas covered by the hypotheses.
here statistical data would require very long tabulations,
the full tables are given in Appendix D. The data which are
relevant to the specific hypotheses, or which, while not
predicted, are found to be statistically signifiecant, or
approaching statisticel sipgnificance, a2t the .05 level chosen

for this strdy, are reported here.

Much of the data pertaining to Hypotheses 1.1 and 1,2
have already been reported (pp.113-116), in the discussion on
the validity of the cognitive style instruments. In null
form, the hypotheses became:

1.1 The girls and boys in the population studied
will not differ in the number of relational
responses made on the cognitive style inestrument.

1.2 The girls and boys in the population studied
will not differ in the number of descriptive
responses made on the cognitive atyle instrument.

The cognitive style scores of the random sample from
the experimental school manifested significant differences
between the sexes for both deseriptive (¢t = 2,412, 4.r, 56,

P = *(-02) and relational (¢t = 2,432, d.f. 56' P = ...'_‘:"'-02)

modes. The null hypothesis cannot, therefore, be sustained,



138.

The direction of the between-sex differences (boys -, girls
in descriptive responses, girls ~. boys in relational res-
ponses) accords with the findings in other studies (e.g.
Kagan et al., 1963), and with theoreticel expectations.

Other statistical data, relevant to cognitive style
and sex, emerged from intercorrelations comvuted in testing
for the independence of T.”7. from cognitive style, preparatory
to the analyses of covariance. These are reported here be-
cause of their relevance, and becauce of their bearing on the

findings.

I.C. | Deseriptive Categorical Relational
Iono - .0’40 ".al1 | 01 haﬁ—_‘—
Descriptive «097 - «155 -e739
Categorical A32 «005 - -.687
Relational -.135 o610 -, 709 -

(0irls above diagonal, boys below, N = 60 for each sex)

For both the boys and the girls in the experimental
groups, there is a negative relationship between relational
and categorical modes, and between descriptive and relational
modes. "hen the near-gero relationship between descriptive
and categorical modes is taken into account, it appears that
three cognitive style dimensions are being represented.
However, when it is remembered that the scores were normalised
for each sex on the cognitive style measure, and for I.C.
across the sexes, and also that the sample was a stratified
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one, i1t will be realised that the obtained correlations may
result, in part at least, from the assignment procedures.
Thus, the statistical pattern may be confirmation of the
independence of the groups rather than evidence for the
independence of preferred styles. Furthermore, the nature
of the instrument itself may be a factor influencing the
correlational pattern. While any one descriptive response
may be given for one of several appropriate reasons, the
choice of one style of response necessarily means a lower
score on the other two modes. But to claim that the results
are a test artifact for an either-or, two-cholice situation
(ef. Kagan et al., 1963), does not explain the pattern obtained
on triads - a three-choice situation. Tt does seem possible,
then, in spite of the qualifications made, that each of the
three styles has its own attributes, and has a complex rela-
tionship with the other two. It may well be that the relation-
ship between the styles, as well as the preference for one
rather than another, is an important aspect of an individual's
cognitive functioning. Kagan has argued in several places
that the same styles may have different meanings for the sexes.
The relative preferences between the sexes suggested by the
research hypotheses do not contradict such an assertion.

In order to test further the hypothesis of sex diff-
erences in conceptual style, the raw scores of all the Form I
children tested (N = 302, 157 boys and 145 girls) were sub-
Jected to statistical examination - means, standard deviations
and t-values being calculated. The results are summarised in

the table which follows.
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AMONG FORM I PUPILS

TABLE XV: EX DIFFERENCES TN COGNITIVE STYIES

Descriptive Categorical Relational
Statistic Boys Girls Boys Girls Boys Girls
N 157 145 5 145 157 145
Mean 6.97 5433 6.62 5476 10.51 | 12.82
S«De 3.98 331 L.61 L.3L 5.80 5.98
d.f. » 300 300 300
t 3.890 1.673 3255
o < 001 < +10 (N.S.) < »001
Direction B> G - . B <6

(t-tests two=tailed)

The Porm I population of the experimental school
manifested significant differences between the sexes in the
descriptive and relational styles. It is reasonable to reject
the null hypothesis, for this data and for this population.
Thus, further confirmation of an earlier finding with a random
sample (N = 58, p.114) provides evidence of sex differences

between cognitive styles.

THE MAJOR HYPOTHESES.
The null form of the hypotheses, as the procedural

form for testing statistical significance at the five percent
level, in the cases of Hypotheses 2.3 and 2.4, require little
change from the research formulation. The six procedural

hypotheses are, then:
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2.1 Pupils receiving Treatment R.". will not differ,
at more than chance levels, in their mean per-
formance on the test of initial lesrning, from
those receiving Treatment R.D.

2.2 Pupils receiving Treatment R.D. will demonstrate
no more than chance differences in mean scores
on the application-transfer tests, from those
receiving Trestment R.7.

2.7 There will be no significant differences in mean
scores on the test of retention between pupils
recelving Treatment T.D. and those receiving
Treatment R.%.

2.t There will be no significant differences between
Teachers, as measured by pupils' mean scores on
post-tests of initlal learning, retention, and
arplication trensfer.

«5 There will be no significant dirfferences between
Treatments as measured by the percentapges derived
from coded observation scores for Crtegories kL,

5, 8 ard 9 of an “midon-"lenderse Interaction Anal-
ysis.

3.1 TFor pupils whose preferred cognitive style 1s
descriptive, no more than chance differences in
mean scores on post-tests will distinguish those
recelving Treatment 2,7, from those receiving
Treatment R.T.

3.2 Tor pupils whose nreferred cognitive style is
relational, no more than chance differences in
mean scores on post-tests will distingulsk those
receiving Treatment 2.7, from those receiving
Treatment R.7.

The analysis of variance used to evaluate the hypotheses
is an extension of the examples given by lewis (1968, pp.130-
152), in his sccount of designs with nesting and crossing. One
of the reasons for using a nested design is that it reduces the
error term, and so increases the precision of the contrasts
made. The justifieation for the choice of error term lies in
the mean squares expectation for the components of the linear
model (expanded in Appendix C). The four error terms chosen

from the components analysis to test each source of variation
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in the design are the mean squares for:

(2a) Dbetween pupils (?) within A x B xC x D
(the four major factors),

(b) pupils x objectives (® x T) within
AxBxC=zxD,

(¢) pupils by occasions (P x ) within
A xBxCxD, and

(d) the residual variation (? x & x F) within
AxBxCxD,

Thusa, for main effecte and interactione not involving
objectives or occesions, the error term i1s P; for main effects
and interactions involving objectives and occaesions, the error
terms are T x ¥ and ? x F respectively; vhile the residual
component, P x ® x F, becomes the test for interactions in-
volving both objectives and oceasi ns. One caution to be
observed with a large number of interactions in s six-factor
(extended to seven, with a nested factor) analysis is care
in acecepting all interactions which nnpear to be statistically
significant. "With such a large number, some might be expected
to be significant on chance alone.

A table showing a selected summary of hypothesis-
related results from the main analysis of veriance follows.
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TABLE XVI: SELECTED SUMMARY OF HYPOTHESTC-RELATED
RESULTS FROM THE MAIN ANALYSIS OF VARIANCE

Source of Sum of (d.f. Mean Error T Ratio »p
Variation Squareal | Square | Term
! A. Teachers 1.875| 1 1.875 P -T_<: 1400
x B, Methods 140.833| 1 | 140.833 p 15.41 | (a)
x C, Cognit.Styles| 23.829| 2 11.914 P 1.30
x D. Sex 22,533 1 224,533 P 2447
fe Objectives 0.133| 1 0.133 | PxE < 1.00
F. Occasions 0.208| 1 «208 | PxF < 1.00
xBxC 12.280| 2 6.440| P <1.00 |
=B xD 9,076 | 1 2.076 P < 1.00 |
xR xE 16.876| 1 16,876 | PxE 6.87 | (e)
2C xD 27.155| 2 | 13.578| 1.9 |
DxF 9.63 | 1 9.63l | PxF 4.33 | (a)
P xC x 16.462| 2 8.231 | Px¥ 3.35  (d)
PXCXF L4.588| 2 2.294 | PxF | < 1.00 I
B xC x 2,004| 2 1.002 | PxF | 1400
xBxCxD 16.588| 2 8,204 P <100 | |
AXBxDxF® 7.500| 1 7.500 | PxE 3.05 | (e)
AXBXEXT 7.008] 1 7.008 | PxExF 4.19 | (a)
AXCxRxT 5.954| 2 2.977 | PxFExF 1.78 | j
CxDx®x¥F 5.488| 2 2.,7uk | PxExF 1.64 |
AXBXCXDIRLF 9.,612| 2 11,806 | PxExF 2.88 | (e)
P within AxBxCxD|877.000| 96 9.135 | PXEXF 5.47 | (a)
PxE within AxBxCxD|236,.000| 96 2.1458 | PxEXF 147 [(a)
Px¥ within AxBxCxD|213.400| 96 24223 | PXEXF 1.33 | (e)
Residual (PxExF)
within AxBxCxD [160.400| 96 | 1.674 | i
Summary: Total sum of squares 1928.792 d.f. 479
Between-cells sum of squares Lit.992 a.rf. 95
#ithin-cells sum of squares 1486.800 d4.f. 384

x = Hypothesis-related results. All other F ratios for
interactions, not shown here, fall below 1,00

SRR T A N
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Hypotheses 2.1, 2,2 and 2,3.

Hypotheses 2.1 (initial learning), 2.2 (application-
transfer) and 2.3 (retention), in their null form, predict
no differences between treatments on measures of initial
learning, retention (knowledge and understanding) and
application-transfer. The main analysis of variance provided
two relevant T'-ratios whose magnitude, with the degrees of
freedom availlable (1/96), could have been the resnlt of chance
factors less than five ftimes in a2 hundred. The e=ignificant
results were the first-order interaction (B x ¥, treatments x
objectives), and the treatments main effects (F = 6,87, d.f.
1/96, p —<+025; end F = 15.41, d.f. 1/96, p 001 respective-
ly). The B x ¥ (treatments x occasions) interaction, however,
wag not significant. Tt can be seen that these results do
not appear to sustain null hypotheses 2.1 and 2.2, but, at
the same time, do not vermit the rejection of null hypothesis
2.3. However, before a conclusion can be reached, further
evidence from the anslyees of covariance and the additional
enalyses of variance will need to be examined.

The research hypotheses suggested the achievement of
different objectives with different trestments - a B x E
interaction. This is shown graphically in Figure 1, using
a set of hypothetical means.
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Figure 1: Predicted interaction B x ¥ haged
] — on hypothetical data.
The obtained data, however, showed a non-symmetrical
interaction pattern (Figure 2), whereas the predicted pattern

wags symmetrical in form.
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Pigure 2: Obtained interaction B x E

The obtained B x E interaction is interpreted as
showing the advantage of Treatment R.,E., over Treatment R,D.
for the knowledge and understanding objectives as indicated
by performance on the tests of initisl learning and retention
(Tests IA and IB). It is apparent that this superiority is
not maintained for application-transfer obJjectives.
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The main analysis of variance, however, was essentially
the test of Hypotheses 3.1 and 3.2, which were concerned with
the interaction of cognitive style and treatments (teaching
methods). For a test of the hypotheses particularly concerned
with the methods, the four analyses of coveriance and the four
additional analyses of variance provide furtlher evaluative
material (see Table XVII). Each dependent measure was exam-
ined, in turn, by these statistics. Significant differences
between treatments, for initial learning, were found in both
the supplementary analysis of variance (F = 22,43, d.f. 1/96,
P=-001) and the analysis of covariance (F = 19.46, d4.f. 1/95,
P=.-.001). Research Hypothesis 2.1 is thus supported, the
direction of difference being that predicted (R.E., mean 6.17,
R.D, mean 4.,52), Further indirect confirmation of this recult
was produced when a comparison of mean performance of the two
treatment groupe, R.E. (mean 2.33; S.,D. 1.11) and R.D. (mean
1.60; S,D, 1.01), on the five embedded items was made. The
two-tailed t-test indicated a significant difference in favour
of Treatment R.7. (t = 3,782, d.f. 1/418, p = <« .01).

The data relating to Hypothesis 2.2 (null form) were
rather equivocal. Two dependent measures were used, Test 1IA
and Test IIB, The former is probebly the better on which to
base comparisons, as it was of the same multiple-choice form
as the two tests of knowledge and understanding, whereas the
latter was a response-supplied form. Nelther test had more
than a moderate split-half reliability index. The data from
Test ITA gave an F-ratio from the analysis of variance of
6.25 (defe 1/96, p = ~4025) and for the analysis of covariance
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of 3.43 (d.f. 1/95, p = <+10). Test ITB, with its larger
error term, gave a between-treatments main effect F-ratio
of 2,02 (d.f. 1/96, p = <<+20) for the analysis of veriance,
and less than 1.00 for the analysis of covariasnce. To reject
the null hypothesis categorically is to risk Type I error;
to accept 1t equally categorically is to risk a Type II error.
Such evidence as there is suggests a difference, but does not
establish one.
Hypothesis 2.3, as a testing procedure, predicted no
difference between treatments on the retention measure. The
F=ratios for both the supplementary analysis of variance
(P = 12,45, def. 1/96, p = <+01) end for the analysis of co-
variance (F = 9,56, d.f. 1/95, p = < .01) were both judged to
be of sufficient magnitude, with their associate degrees of
freedom, to be evaluated as showing significant differences
between treatments for retention. The null hypothesis is
therefore rejected. The consequence is, of course, to reject
the research hypothesis which also predicted no differences. ‘
The differences are clearly in favour of Treatment R.FE. ‘
(R.F. mean 5,70, R.D. mean 4,77) with these subjects, in
these conditions, and with the dependent measures used. A
comparison between the mean performance on the_ enbedded items
also supported the conclusion reached. Treatment R.E. (mean
2,36, S.D. 1,19) produced significantly higher mean scores
than did Treatment R.D. (mean 1.55, S.D. 1,20), when two-
tailed tests were run (t = 3,75, d.fe 1/118, p = < 01).
Selected F-ratios for the analyses of variance and covariance
are shown in Table XVII.
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CWﬂR&NCF AND A""ML!‘%T"" OF VA] L’I‘ICE

Analysis of Covariance | Analysis of Variance

Source d‘f{fuftﬁfs, F d.f. S, % ¥
TEST IA: (INTTIAL IFARNING).
A. Teachers ' 1 | 1.453 1 0,075
B, Methods = 1 [55.318 [19.46(a) 1 81.675 |22.43(a)
C. Styles | 2 0.978 2 2.034
D. Sex | 1 [18.007 | 6.3u(a)| 1 7.067 | 1.90
A.B, 1 0.99 1 3.675 | 1.01 |
A.C, 2 7.714 2.71(e) 2 9.100 | 2.50(e)
A.D. 1 | 2.770 1 4.350 | 1.19 '
B4C: 2 6.230 | 2.19 2 3.100 |
B.D. 1 | 0.000 1 1.817 |
Cc.D. |2 | b7 1.50 2 7.204 | 1.9 |
Within . 95 2.842 96 3.642 i
Total 118 19 j
IEST IB: (RETENTION). ’-
A. Teachers | 1 | 1.599 1 0.300 |
B. Methods 1 |25.379 | 9.56(b)| 1 | u8.133 12.&-5(b*
C. Styles 2 1.016 2 2.158 :
D. Sex 1 8.387 3.16(e) 1 0.833 |
A.B, 1 0.043 1 0.834 i
3, 2 3.490 | 1.20 2 4,575 | 1.18 |
A.D. 1 L4.186 1.58 1 6.534 | 1.69
B.C. 2 L.648 1.75 2 2.808
B.D. 1 1.008 1 0.83, !
c.D. 2 | 1.365 2 5.308 | 1.37 |
within 95 | 2.654 % 3.867
Total 118 119

All F-ratios below 1.00 are omitted.
interactions were non-significant.

&

P = «001
p = O

(@)

All higher order
(See Appendix D).

P = «025
P = +05

(e) p = .10

NS
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TARLE ¥VIII: (Continued)

Analysis of Covariance Analysis of Variance
BT dfg?1§f§§é. P a.f. | M8, | F

A, Teachers 1 |16.165 6+96(Db) 1 Lo8 | 1.18 |

B. Methods 1 7.964 3.43(e) 1 23.408 | 6.25(c) |

C. Styles 2 2,902 1.25 2 L.758 | 1.27 1

D. Sex 1 | 52.923 | 22.78(a) 1 27.075 7.23(b)§

A.B. 1 2473 1 0.076

A:Cs 2 3.742 1.64 2 3.058

A.D, 1 1.916 1 3.752

B.C. 2 2.122 2 1.658

B.D, 1 0.026 1 3.675

C.D, 2 0.741 2 L.375 | 1.17

within 95 2,323 96 3,746 |

Total 18 119 | '
|

TEST IIB: (ADPTICATION-TRANSFFR; OPEN-E DED TEST), |

A, Teachere 1 9.851 3.11(e) 1 2.133

B. Methods 1 2.378 1 8.533 | 2.02 |

Ce. Styles 2 3.00L 2 5034 | 1.19

D, Sex 1 6.753 2.13 1 0.533

A.B, 1 8.697 1 16.134 | 3.81(e)

A.C. 2 0.808 2 1.434

A.D, 1 2.927 1 4800 | 1.13 |

B.C. 2 | 2.570 2 | 2.3 |

B.D. 1 | o.070 1 3,333 |

C.D. 2 1.79% 2 1.234 |

Within 95 3.168 96 L.233

Total 118 | 11¢ | |

A1l F-ratios below 1.00 are omitted. A1l higher order O

interactions were non-significant. (See Appendix D). :

R Il S Iige W oaml
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Cc of Score Pat .

One feature not commented on so far concerns the
relationship between the scores on Test IA (initial learning)
and scores on the remaining three measures. While pupils
receiving Treatment R.E. gained generally higher mean scores
than did puvnils receiving Treatment R.D., there was a pattern
revealed by the relative mean scores of each group. The
children in the R.7. condition had meen scores for Tests IB
(retention) snd TIA and ITR (application-transfer) which were
lower than the mean score for Test IA. In contrast, the
children in the R.D. condition, for the same tests, had mean
scores which were higher than the initial learning mean score.

Figure 3 showvs the contrasting pattern.

10 1
&
Tredtmeot R E.
6 M=6-03
M550 W i
C Scale 5 /: o
/:-4-43\)(/ :
M:’; & M=4-77
44 Treatmert RD
{
O I i 1 ]
IA LA IB s
Occasion One Occagion Two

Figzure 3: Relative scores on the four post-tests
in order of administration across time
(adgusted means).
While the results have supported only the hypothesised
advantage of Treatment R.E. over Treatment R.D, for initial

learning, the pattern of relative scores is in accord with
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the predictions. A "post-exverimental gain" for Method R.D,
has been noted in other studies, e.g. 7ittrock (1963a). It
has been suggested that tests themselves provide a learning
situation, but that does not explain why a different pattern
was observed with method R.F. The obliterative subsumption
argument provosed by ‘usubel (1968) could well provide a sat-

isfactory explanation of the observed pattern.

Hypotheses 3.1 and 3.2.

Mull hypotheses 3.1 and 3.2 cannot be rejected by the
main analysis of variance evidence, as the F-ratios for
second-order interactions B x C x ¥ (methods x styles x
occasions), © x C x E (methods x styles x objectives), first-
order interaction ®» x C (methods x styles), and for cognitive
style main effects, all fall below 1.00. It cannot, however,
be claimed that cognitive style has no effects other than
chance influences, or that there is no interaction between
preferred modes, different objectives, and teeching situations.
Indeed, the significant interaction (F = 3.55, d.f. 2/96, p =
< +05) between teacher, cognitive style and objectives
(A xC x %) does suggest a dynamic in the situation which is
not easily explained. The teachers were similar in many ways,
although one was female, the other male. This is one possible
factor, although no significant interactions were noted between
gex of pupil and teacher (A x D).

Another possibility, in view of the significant
methods x objectives (B x ®) first-order interaction, is that
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some subtle aspect of teacher style interacts with cognitive
mode and objectives. An informel and circumstantial clue to
such a possibility was observed in the pilot testing of the
cognitive style instrument. Of the two clsseses used, one with
a male teacher had a high proportion of relational responses,
while the other, with a female teacher, had a high proportion
of descriptive responses, the distributions in each class
being almost mirror images of one another. As the groups were
not random samples, to draw any conclusions is, however, only
speculation.

8t111 another possibility emerged from the analyses
of covariance. Main effects for teachers, when T.0. variance
was removed, were indicated for both application-transfer
teste (F = 6,96, d.fe 1/95, p = <.01, and F = 3.11, d.f. 1/95,
P = <.10), but not for the tests of initial learning or re-
tention, for which method was a much more potent factor. The
poesiblility remains, then, that some teacher characteristics,
be they teaching style or some other factors, interact with
pupil characteristics to facilitate the attainment of some
objectives better than others. It has been recognised that
some interactions might be spuriously significant, but in this
case, the psychological plausibility of teacher effects seems
sufficient to be considered actual.

Thus, while the null hypotheses cannot be rejected,
within the 1limits and data of this study it cannot be claimed
that cognitive style has no influence. The error term for
cognitive style, and for the cognitive style-method interaction
in the main analysis is symbolised as P (pupil variance within
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AXxXBxCzxD), An examination of the data suggests that
individual varisbility of pupils 1s itself a major source
of influence (F = 5,47, d.fe 56/96, p = ,001), and it is not
surprising that cognitive style, as one individual difference
variable, contributes insufficient variance to produce an
F-ratio which can be evaluated ass significant. This 1is also
the case when the variance attributable to T.”. is removed

by analysis of covariance. ’

One result not predicted was the significant D x F
(sex by occasion) interaction in the main analysis of variance

(F = Le33, dofs 1/96, p = -(.05).

10 -
p’ Boys.
6 1 M=35-65
M=532
54 e K
C Scale Mogods M=518
4 - Girls
ﬁ&
Q
- T
Occasion 1- Qccasion 2

Figure L4: Interaction of sex of pupils
end two testing occasions
Sex differences were also evident in the two enalyses
of covariance based on test results for Science Test IA and
Seience Test ITA, both tests having been administered on the
first post-test occasion, One explanation is that boys tend
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to be more interested in science than girls, and so scored at
a higher level on the first occasion. This, however, does
not explain the improvement in the girls' scores on the
second testing occasion. The boys' scores, while remaining
at a higher level than the girls', showed a decrease at the
second testing. Turthermore, when the means were adjusted
for T.7., the differences between the scores were more marked,
but etill the same pattern of scores emerged. TFigure 5 shows
this pattern of adjusted scores, not as a2 true interaction
diagram, but in a way which shows the four tests and the
relative performancees of the boys and the girls.

0 7

A Boys.
6 =
5-92
, 564 % %
C Scale * #90 X et
. X 505 % iab X 5.02
x 457 .
i Carls .
f/
o 1 I 1
[}
Inited ication- : Application -
" Learmning Apel‘_r%ﬂ?gnw Retention mw*m;cﬂr. @)

Figure 5: Adjusted mean scores for boys and girls
on the four dependent measures.
A feature of the figure was the mirror imaging displayed
between the initial learning and the application-transfer
results, on Occasion One. It was suggested earlier that
Test IIA might be more satisfactory than Test IIB., If this
is 80, much of the interactional pattern can be understood
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in terms of the objectives measured by Test ITA. The analysis
of covariance for Test ITA provides a main effect T-ratio for
sex which is highly significent (F = 22,78, d.f. 1/95, p =

< .,001)., Thna, while the main anelysis of variance gives 2
eignificant D x ¥ interaction, it 1s sugrested that performance
on one measure of objectives may account for the obtalned
interacticn, Tt seems psychologically plausible for boys,

who are expected to display more indenendence than girls
(Ragen and 'oss, 1962), to display thds also in application-
transfer tasks, particularly in seience. Cofer (in Cagnd,
1967, p.138) reports a Sex x lYethode interaction, and, in his
discussion, recognises the difficulty of meking any conclusive
interpretation. / further tentative explanation is thet re-
gresgion effects are operating differentislly. The initial
differences in mean scores between the sexes are such that,

if regreseion to the mean is to occur, only one pattern of

regression is possible.

O, !¢ P PERFORM .

The control group was, as has been stated, external
to the statistical design. The functions of this group, in
the investigation, were to provide a check against accidental
factors (e.g. television programmes on the science topic),
against practice effects with the enbedded items, and, should
it have been required, against spurious conclusions ebout
attitude ﬁhnnsaa as measured by the attitude scales. In the
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end, the last function wag not necessary, as little attitude
change occurred. 7 simple comparison of means of the scores

on the five erbedded items showed that little prasctice effect
was operating ns far s the control group was conecerred. The
mean scores I'or the three occaesions, one in the pre-test, the
other two in post-tests, were 0,70, 0.90 end 0.86 The experi-
mental grouns' scores reveal n different pattern. The mean
scores of the two treatment groups, the rirst two means of
which were from tests answered in common with the control group,
were 0,97, 2.33, 2.36 and 0.93, 1.60, 1.55 respectively. The
control group showed a small, non-significant (t = 0.90) gain
from pre-test to post-test. On the other hand, the four ex-~
perimental clnsses all revealed sigmificant gains (t's range
2.28 to 5,92, p's 405 to (01, d.f, 1/58). It seems reasonable
to conclude that such gains as were observed with the experi-
mental groups arose age 2 result of the teaching, and not thrapgh

extraneous influences.

TESTS FOR INDEPENDENCE OF TREATMENTS .
The analysis of variance produced F-ratios which

indicate no significant differences between teachers, but diad
indicate very significant treatment dirferenéao. To what ex-
tent can the treatments be regarded as maepehdent? The null
hypothesis formlated to guide the testing of independence of

tr.atuant is given below:
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There will be no differences between Treatments
R.D. and R.E. in percentages recorded on
Categories L, 5, 8 and 9 of an Amidon-Tlanders
Interaction-Analysis of teacher-puvnil behaviour,

coded observatlions for each teacher, in each of

the treetments, were combined in "'ork Matrices (see Appendix

%) to pive matrices for each teacher, each treatment, for

teacher across trcatments, and for ireatments across teachers.

It is the letter matrix which is at present being examined.

The catesories for interaction analysis are summarised below.

Category 10

includes, for this study, pupll practice and

nmanipulation, and rroblem solving with equipment.

e

Accen : : accents and clarifies the feel
ng tone o: e students in a nonthreatening
manner. Feeling may be positive or negative.
Predicting or recalling feelinge is included.

j:g;§g§_g;_gggggzg§gg: pralses or encourages
student esction or behaviour. Jokes that release

tension, but not at the expense of another indi-
vidual. Nodding head, or saying "um hm?" or
"oo on' are included,

PyAng , : ng'or'developinp Tdens sugges-
ted by & student. Ag teacher brings more of his
own ideas into play, shift to Category 5.

Agks questions: asking a question about content
or procedure with the intent that a student answer.

t + giving facte or opinions sbout content
or procedures; expressing own ideas, asking
rhetorical questions.

G : directions, commands, or orders
w which a student is expected to comply.

o L “
acceptahle to acceptable pattern; ‘bawling
someone out'; statingiwhy the teacher is doing

what he is doing; eme self'-reference.



' 158.

8. M%Iﬁgg@%: talk by students in
response eacher., eacher initiastes the
contact or sollicits student statement.

9. Studgq% Ea;k - %g%;iatign: telk by students,
whiec v initiste. If "calling on" student is
only to indicate who may talk next, observer must

decide whether student wanted to talk. If he did,
use this category.

10. _Pmﬂ%summm:.%m= group work, mani-
pulation of apparatus, esctivity following teacher

directions or questions. Includes pauses, short
periods of silence, and periods in which communi-
cation cannot be understood by observer.

In total, 2397 obeervations were coded (1277 for one
| teacher and 1120 for the other), one thirty-minute tape being
lost due to failure of the recorder. The totals, percentages
and the significance of differences between nercentages

(farrett, 1958, pr.235-238) are tabulated below.

TABLE XVIII: DIFFERTNCES BET/EFN _TREATMENTS:
PERCENTAG 0 TEGORIEE OF AN

AMIDON~FIANDERS INTERACTION ANALYSIS

| | ,
1.2 3 4 5| 6 7| 8 9 10
R.E. | | o | |
(totals 5 L8 29|_116 651 24 9 37 77 163
R.D. 5
(totals) 18| 107 3| 287 oy | 134 8! 103| 184 299
ReE,
(7) 045 | 416 | 2.52 10,06 [56.46 | 2,08 | 0,78 | 3.21 | 6.68 1314
R.D.
t (1.0 }14533 [<4.0 [BJTLT7 PEit6 ]a.'m <1.0 BoSuls }1.881 5.3#
P FeS.! +01 | N.8.| 01 .01] 01 | n.s.’ 01 | .01 L0t

Because of rounding-off effects with decimals
calculations, percentages do not total 100 exactly.
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The significant differences between treatments in
Categories L, 5, & and 9, at the ,01 level, are sufficiently
different from chance predictions to support a rejection of
the nul! hypothesis. With further evidence arising from the
non-significant main effects from teachers in the analysis of
variance, it may be argued that the treatments were indeed
independent. A feature of the table is the sharpness of the
distinections made; no eategory falls between the one pole of
non-gignificance and the other of marked significance. GCome
of the distinctions apparent in the table were not nredicted
by the hypothesis, but are understandable in terms of the
treatments. Treatment R.D., by definition and observation,
is characterised by a great many question and answer sequences,
and hence provides many opportunities for praise and encourage-
ment. The problem solving activity is shown by the percentage
(24415) in Category 10. At the same time, many of the princi-
ples to be derived in Treatment R.D. were explained and demon-
strated in Treatment R.F., followed by practice (14.14 ¢ in
Category 10). The non-significance of differences in Cate-
gories 1 and 3, and in teacher Justification (Category 7),
suggest, as was hoped, that the teachers were generally similar
in warmth and supportiveness in both treatments.

Additional data giving substance to claims for the
independence of the trectmente were gained from a teaching
pattern analysis of the major moves. Tollowing the criteria
and rules in the Teael al (Amidon and
Amidony 1967), the work matrices were examined and three-step
major teaching moves identified. TYor Treatment R.%®., the
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matrices for both teachers showed the pattern 5 - 4, 4 - 8,

8 - 2; 4.e., teacher exposition, followed by a teacher ques-
tion, with the pupil response being, in turn, followed by
praise or encouragement. For Treatment R.D., the first three
stepe in the major move covered the same three cells with
glightly different emphases. The cells were 4 - 8, 8 - 2,

2 -4; 1i.,e, teacher question, followed by pupil response,
teacher preise, and then a further teacher question. These
major patterns are consonant with the criteria defining the
treatments.

The Amidon-Flanders is an instrument for which good
reliebility ie clanimed, with trained observers. However, there
are many subtle interchanges which are not included in the sys-
tem, and, furthermore, it is based on an observer's frame of
reference (cf. estbury, 1967-68). This study did not make
provision for a pupil-report instrument as a cross check.

There were some signs that this would have been valusble., For
example, the interaction analysis data suggested (non-signif-
icantly) that Teacher One was a little warmer, a little more
positive in approach to children than was Teacher Two. An
algebraic addition of the positive and negative _changos of
direction in attitudes between pre- and post-testings gave
some slight evidence to suggest that the pupils might have a
different perception. The evidence from the Pupil Opinion
Survey is very tentative because of the stability of the scores
on the instrument; regression effects could count, in substan-
tial measure, for directional changes. The overall results
from the interaction analysis data, nevertheless, seem
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sufficiently clear to confirm the claimed independence of the

treatments.

TEACHER EFFRCTS.

o =

Reference has already been made to the fact that the
F-ratio in the main anmlysis of wvariance for teacher main
effects was much smaller than 1.00. The non-significance of
teachers s a source of variance is regarded as supporting
the mull hypothesis (2,5), and, thus, the research hypothesis.
The work matrices from the interaction-analysis were combined
to give category percentages for each teacher across treatments.
The t=value for each of the ten catepgories fell below 1.00 in
each case, and failed to reach the criterion of significance.
There was, then, agreement between the analysis of variance
data and the observations coded in the interaction-analysis
system, supportings the mill hypothesis conclusion indicated
above, and nroviding some indication of the validity of the
teacher observation method used., The lack of statistically
significant differences between the teachers is seen as con-
Tirming the use of trained student teachers, rather than
experienced teachers, in the experiment, since no "method
reversion"” tendencies were espparent.

However, while there is considerable evidence for
teacher similarity in the main analysis of variance, the
interaction-analysis data, and six of the eight additional
analyses, some discrepancy was observed in two of the analyses
of covariance. When I.Q. was covaried, the analyses for the
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two application-transfer tests showed increased main effects
for teachers (TestTIA, P = 6,96, d.f. 1/95, p = 01; Test
IIB, F = 3.11, 4,f. 1/95, p = <{.10). At the same time,
treatment main effects decreased, and main effects attribu-
table to the sex of pupils, particularly for Test IIA,
increased. Tonetheless, the teacher-by-sex-of-pupil inter-
action was non-significant. (F =.<1.00 in each case). Such
results are not easily interpreted. /mong possible explana-
tory factors might be suggested the sex-differences in I.Q.
noted by "lley (1969, pp.140-145), while re-standardising
the Otis test. It is also possible that some subtle aspect
of teacher style facilitates the achicvement of some objectives
more than others (see p.152). The significant A x C x E inter-
action in the main eanalysis of variance is not incompatible
with this possibility. A third possibility is that, given
similar general ability, boys are more likely to seek to apply
and transfer theilr knowledge than ere girls. The boys' ad-
justed mean on Tes;t ITA was 5.92, the girls' L4.57 (see p.i54).
Although some qualificetion has been made, the evidence
overall for consistency between teachers, as well as for the
independence of the two treatments, has considerable strength.
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CHAPTER IX

SUMMARY, DISCUSSION AND GENFRAL

CONCTUSTONS

SUM'ARY OF TII' THVFSTIGATION,

The present investigation wes concerned with the
poseible interaction between three cognitive styles
(@eseriptive-annlytic, categorical-inferential and relational-
contextual) and two teaching methods (rule-expnlained and rule-
derived). Three groups of hypotheses were formulated. The
first group postulated sex-differences in cognitive style.
Boys were expected to make more descriptive responses than
girls; girls were expected to make more relational responses
than boys. The second group posited differential achievement
of objectives for the two teaching treatments., Method R.E.,
it was proposed, would lead to higher initial 1eﬁrn1ng scores
on a test of knowledge and understanding; method R.,D. was
expected to lead to higher scores on tests of application-
tranafer; and neither method was anticipated to produce
better retention of knowledge and understanding than the other.
Two hypotheses were a subset of the second group, predicting,
respectively, no differences between teachers as indicsted by
post-test scores, and significant differences between treat-
ments on Categories 4, 5, 8 and 9 of an Amidon-Flanders
Interaction-Analysis. The third group of hypotheses posited
interactions between the cognitive styles and the teaching
methods. Pupile whose preferred style was descriptive were
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predicted to score more hi-hly than others on post-tests,
after receiving Treatment R.D., while pupils whose preferred
mode was relational were expected to demonstrate more
effective learning under Treatment R.E.

The subjects, assigned at random to cells, were
equal mumbers of boys and girle who had scored at a Stanine
level of seven or higher on one category of a specially-
constructed, cognitive style instrument. All were Form I
pupils from a city Yormal Intermediate School, and, apart
from the high scores made on the measure of conceptual style,
displayed no characteristics which would make them atypical
of other children of their age. (lVean ape 143.62 months,
mean Otis T. . 112.55). In all, 120 children (60 boys and
60 girls) were assigned to the four experimental classes,
together with 30 to a control group, and a further 30 to a
reserve group having the same basic composition (5 pupils
x 2 gexes x 3 cognitive styles) as the other classes.

Selected second-year Teachers College students
studying science were trained over a period of three months
to sct as observers and teachers. The experimental teachers
(one male, one female, of similar age and ebility) were trained
to teach both methods. Rach taught two classes, (one by each
method), giving two fifty-minute lessons to each class. The
content material, closely related to the present Forms I to
IV science curriculum, was the concept of stability, with its
asgociated principles. Time of day, classrooms, and the
order in which the lessons were taught, were all crossed to
maintain equivalence between conditions. Tape recordings of
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slxty percent of each lesson provided date for the test of
the hypothesised treatment differences.

An experimental design was developed which resembled
a2x2x3x2x2x2 factorial experiment, with teachers,
methods, cognitive séyle, sex, objectives, and occasions
being the six factors. GSecores from different puplls were
cbtained for different levels of teacher, method, cognitive
style and sex, whlle scores from the same pupile were also
obtained for levels of objectives and occasions. Pupils
therefore were regarded as an additional factor nested with-
in teacher, method, cognitive style and sex, and crossed with
objectives and occasions. The basic models from which this
design was developed are reported in Tewis (1968).

Four dependent measures were constructed to provide
data on the achievement of two levels of objectives (knowledge
and understanding, and application and transfer) on two
occasions (the day following the conclusion of the experimen-
tal teaching, and fourteen days later). All post-tests were
administered in the school hall, to all subjects at the same
time, sc equalising the conditions of testing.

Scores from each dependent measure were normalilsed,
using C-scale units. These scores became the dependent
measures in the experimental design, each score bdeing classi-
fied in seven ways: 1.e. as belonging to a particular teacher,
method, cognitive style, sex, objective, occasion and pupil.

In addition to the main analysis of variance, an
analysis of covariance (with I.4. covaried) and a supplementary
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analysis of variance were conducted with each dependent

varisble in tumn.

SUMMARY OF THE FINDINGS.

1.

3

5.

Hyvotheses 1.1 and 1.2, predicting sex differences in
preferred cognitive style, were supported by the obser-
vations. Boys in the Form I population in the experimen-
tal school made significantly more descriptive responses
than did the girls (t = 3,890, d.f. 300, p = <.001).

The girls in Form I in the school made significantly

more relational responses than did the boys (t = 3.255,
defe 300, p = < 4001).

Hypothesis 2.1 predicted higher initial learning scores
for pupils receiving Treatment R.E. than for those
receiving Treatment R.D. Significant differences between
the means in the direction postulated permitted the acc-
eptance of Hypothesis 2.1

Hypotheslis 2.2, predicting higher scores on tests of
application-tranafer for pupils taught by Treatment R.D.
as compared with those taught by Treatment R.F., 18
rejected, as the mean differences were no greater than
would be expected on the basis of chance alone.

Hypothesis 2.3 predicted no difference in retention scores
between the two treatments, but is rejected. The obtained
differences were significantly in favour of Treatment R.E.
Hypotheses 2.4 and 2.5 were concomitants of the experi-
mental design. The former, proposing no differences
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between the teachers as measured by post-test scores, is
confirmed by the evidence from the main analysis of
variance and six of the eight subsequent analyses. The
latter, which posited significant differences between

the treatments, is also supported dy the data from the
interaction analysis.

Hypotheses 3.1 and 3.2 were central foci in this study.
They predicted interactions between cognitive styles and
teaching methods. The first hypothesised, for pupils
whose preferred mode was descriptive, better post-test
performance under Treatment R.D. than under Trestment R.E.
The second predicted better post-test performance follow-
ing Treatment R.%”., in contrast to Treatment R.D., for
pupils whose preferred mode was relational, Weither of
these hypotheses can be supported by the evidence of the
investigation.

One finding not predicted was the sex x oecesion inter-
action in the main analysis of variance. An interpretation
offered was that, while girls performeé fairly consistently
on the tasks involving knowledge and understanding, they
did not perform as well, relatively speaking, as the boys
on the tasks involving epplication and transfer. However,
it was also suggested that regression effects could have
occurred, scting differentially, to produce an apparent
rather than a real interaction.
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The major resesrch question for which an answer was
sought in this study concerned the interaction of cognitive
style and two teaching strategies, believed to be commonly
employed in Tew Zealand schools, in the teaching of selence.
The evidence from this investigation does not indicate that
cognitive astyle wae a major factor in the lesrning of these
children, in this experimental situstion. It cannot be claimed,
on the other hand, that cognitive style will not be en impor-
tant factor in other situastions, with othgr content, with
different age groups. That other individual aifference
varisbles were operating is apparent when the highly signifi-
cent Pupils within - 2 x B x C x N interaction is considered.
The use of I.0. as a covariate in the snalysis of covariance
has 1ittle effect on the variance contributed by cognitive
style, although 1t did in this way confirm the- relative inde-
pendence of conceptual mode from general ability as defined by
the Otis test.

The stability of the defining measure, and the sex-
different patterns revealed by the scores, seemed to suggest
that the instrument was relisble, and was measuring the same
dimensions with some consistency over time. The validation of
the instrument on two grounds (the pattern of sex differences,
and, for the experimental groups, extreme response sets) rests
on the extent to which the cbservations are in sccord with
Kagen's earlier findings, and are consonant with those which
can be predicted by extrapolation from the hypéthﬂical cons-
tret. The argument of coherence does appear to be reasonsble
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in view of the obtained results. Consequently, it is assumed
that individually consistent conceptusl styles were identified
and manipulated.

If the styles are accepted to be preferred modes, it
is not entirely unexpected that cognitive style interactions
and main effects'fnil to be manifested. The strong effects
of the teaching treatments, the highly eignificant individual
difference factors, end the complexity as well as the novelty
of the situstion, provide, eslong with other dynamics, a nexus
of variance from which to partition one variable may have been
to enticipate too much. The lack of definition in the findings
concerning cognitive stvle may be a eonaeq&ence of gituational
dominance. ''echtel's (1968) findings support such s view.
Katz (1968, pp.233~238), investigating the role of irrelevant
cues in the formation of concepts by lower clasg children,
concluded that "reflection was not a general response charac-
teristic, but rather one that was appropriately related to the
stimlus characteristics of the task." And for this study,
the stimulus features were complex, and, apparently, very
strong. !More precise experimentsin better coantrolled situa-
tions may, nevertheless, demonstrate preferred cognitive modes
as signifiecant individual difference verisbles. Fven within
this investigation, some tentative clues are found in the
A xC x F intersction in the main analysis, in the analysis
of covariance interactions A x C (F = 2,71, d.fc 2/95, p =
10), and B xC (F = 2,19, d.fs 2/95, p = < ,20) for initial
learning scores, and in the supplementary analysis of variance
A x C interaction (F = 2,50, d.f. 2/96, p = .10), also for



170.

initial Tearning. "hen the dependent measures were canverted
to a common scale to give a measure of attainment in science
based on the experimental lessons, a directional (non-
significantly different) range of means was observed (des-
eriptive 5.56, categorical 5.24, relational 5.01). Such
indications are, however, slight. The limitations of the
dependent tests and, possible, the coarseness of the C-zcale,
may have acted to reduce the accuracy of the observations
and the precision of the analyses.

While a great deal of caution must be exercised in
considering the cognitive style variable, a little more
assurance may be felt regarding some of the findings for the
treatment variables. The results in this investigation
indicate that the expository-type procedure was superior to
the rmile-derived-with-guidance procedure for initial learning
and retention, as measured by Tests IA and TB. The two tests
were designed to measure performance at the knowledge-under-
standing level. On the other hand, the rle-explained-and-
-demonstrated procedure showéd no significant superiority over
the R.D, treatment as far as scorees on Tests IIA and IIB
(applicaetion-transfer) were concerned. While the statistical
evidence seems clear, some qualifications are necessary.

The first qualification relates to a difficulty this
investigation shares with a mumber of the research studies
reported (Cronbach, 1966, pp.83-84). The difficulty is
whether to equate time between treatments, as was done in the
experiment here reported, or to train both groups to the same
eriterion. Had the latter course been adopted, a number of
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changes. both in experimental design and results, would have
been likely consequences. The discrepancy between the initial
learning scores of the two groups was such that it was un-
likely that purils in condition R.D. could have gained
similar retention scores to those in condition R.,E. 2 pecond
gqualification relates to the post-tests. The within-cells
variasnce of the supplementary analyses of variance reflected
the moderate relisbility of the instruments. The extent to
which I.0. was a source of error variance was shown by the
reduction of the error terms in the analyses of covarilance.
Thus, while the post-tests were less than optimal, the vealue
of analysis of coverisnce in incressing the precision of the
statisticnl design is demonstrated in this experiment. The
third qualification is again related to an issue Cronbach
(1bid.) has raised in connection with the logic of experiments
on discovery - the need for long-term investigations in the
fields of curriculum and teaching methodology. In the study
under discussion two teaching periocds only, (one hundred
minutes of teaching) is a limiting condition. "Fducational
development comes through continued instruction with intellec-
tually significant subject matter and that is what we should
investigate." (ibid., p+90). In spite of this last qualifi-
cation, the statistical evidence provides clear indications
of quite marked effects from such a brief period of instruc-
tion,

The pasttern of the mean scores between the two treat-
ments has some theoretical and research support. Ausubel,
on many occasiong (e.g. 1968) hae ergued that as the subsump-
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tion process continues with the integration of new meterial
into cognitive structure, there may be some loes of specific
detail. The decrease in the megnitude of the means from
initial learning to retention, under Treatment R,F., is, then,
congistent with a theory of meaningful reception learning.
On the other hand, the means for Treatment 2.D. displey a
reversal of the pattern, increassing in magnitude. A number
of research reports (e.g. 7ittrock, 1963a) have referred to
"post-experimental gein" with "minimelly directed" groups.
The petention and application transfer scores in this inves-
tigation exgeeded the initial leaming scores for the puplls
in condition R.D, |

The findings do not provide grounds for drawing
conclusions about which were the ma jor method variasbles.

The general secquence (Worthen, 1968) for ecach treatment was
the same, although there were systematic within-phase 4Aiff-
erences., Fach treatment contained a large number of "instan-
tial moves" (Ifuthell, 1966). The genersl set differed for
each, as did the smount of manipulation, practice and teacher
talk. Put, in this study, it is not possible to point to the
prepotency of any one within-method factor.

While the findings reveal differences between methods,
the interaction between methods and objectives was not only
significant statistically, it 1s also of interest practically.
It was argued earlier (p.97), that objectives were independent
variables occupying a position of primecy in any teaching
enterprise or model. The results do not contradict the
contention, and, to an extent, they Justify the inclusion of
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objectives as an independent varisble entering into the main
analysis of variance. 2 further gain, not predicted but
resulting from the design, was suggestive of a difference
between the sexes in regard to objectives. The girls appeared,
relative to their within-scope performance, to be less success-
ful on the extra-scope tasks of application and transfer of
Test ITA. The converse was observed for the boys, who were,
relative to their within-scope performance on Tests IA and

IB, more successful on the tasks of Test IIA., However, this
observetion needs further testing before any definite claims
can be made.

It was not the intention of this study to attempt to
eastablish the advantages of one teaching method over another.
The method hypotheses were postulated in the belief that each
method had its particular contribution to make in the achieve-
ment of different objectives. "hile only one of the hypotheses
was conf'irmed, the general pattern of obtained scores was
consistent with predictions.

To what extent can a degree of generality be claimed
for any of the findings of this study” As a pilot study, the
investigation had an exploratory orientation rather than one
seeking definitive conclusions. Furthermore, a number of
restrictions have been suggested in various places in the
report. Consequently, the conclusions here proffered &s
having some generality beyond the limits of the experimental
boundaries are few. Insofar as the children in Form I at
the experimental school may be regarded as representative of
first-year intermediate school children in New Zealand, it
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does seem, with this age group, possidble to identify one set
of cognitive style variables which shows a degree of stability,
and manifests different response patterns between the sexes.
The pattern found in the study is similar to that found by
Kagan (1963,1964) and others (e.g. Sigel, 1967) in American
children. At the same time, it seems probable that cognitive
style as a preferred mode is, in any specific situation, con-
tingent on the extent to which stimulus properties demand or
evoke any particular style of intellectual functioning.

A second general proposition offered as an extension
of the findinge of the investigation is that the choice of
teaching method, or combinstion of methods, is one mejor
factor deciding the extent to which particular objectives
and clagses of objectives will be achieved. In this study,
as in many others (e.g. Worthen, 1968; Kersh, 1962), the
expository procedure was the more effective means of facili-
tating the attainment of the more immediste knowledge and
understanding objectives. The assertion is not unqualified,
for the method used and the objectives set were those which
were considered appropriate for the particular group of pupils.
In addition, many fectors in the teaching situastion affect the
attainment of objectives. For example, teacher style (ieil
et al,, 1961), learning style (Tallmadge and Shearer, 1969),
the interaction of learner characteristice and instruetional
mode (Ripple et el., 1969), learner sbilities (Dunham and
Bunderson, 1969), are but a few of the recently reported
factors. A factor not discussed is the effect of pupil fam-
1liarity with a particular teaching approsch or set of
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approaches, which mey conceivably have influenced the
findings of this study.

It is unlikely that any simple method of instruction

can be found to serve all mejor cognitive gosls. The teaching
procedures employed in the experiment reported in thies thesis
were not equally effective in enabling pupils to achieve two
classes of objectives. Treatment R.T. (an expository type of
teaching) led to higher scores on tests of knowledge and
understanding, but, relative to these scores, scores on tests
of application and trensfer were lower. Treatment R.,Dn. (a
guided-discovery type of teaching) led to a pattern of scores
which showed gains on tests of application and transfer as
compared with scores on the initisl test of knowledge and
understanding. A combination of the two methods may have been
more effective overall than was either one slone. Johnson and
Stratton (1966) compared four single methods of teaching
concepts with a mixed method, and found the mixed method best
on all criterion tests. The four single methods were about
equally effective. ILeith and McHugh (1967) found an exposi-
tory theory passage in a mediating position to be most
efficient for a difficult conceptusl task, They conclude
(p.116) that the place of theory "..... would seem to be
after learming of particular concepts rather than before

them, especially when the more difficult exemplar 48 given
first.” However, there was a significant order of presenta-
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tion x ability level interaction which moderates the conclusion.
It 1s suggested that teachers experiment in their own class-
roome with varying combinations of expository and inductive
teaching.

A further implication is related to teacher education.
It was possible to train ten student teaschers to observe and
teach two quite distinctive methods., A1l of their education
course for one term was taught through the training programme,
in the context of a particular research task. The results
indicate that the experimental teachers were able to employ
both methods without confounding them. Informal conversation
with the group of students left the strong impression that
they had gained confidence in their teaching ability, in
ability to plan, had understood and were sble to apply a
conslderable body of learning theory. They revealed consid-
erable interest in pursuing their individual investigations
in science, in cognitive style, in attitudes to science and
in regard to the sppropriateness of different methods with
individusl children. It is, then, suggested that involving
students in research and survey enterprises may be a bene-

ficisl approach in teacher training.

An exploratory study, by definition, must lead to a
nunber of suggestions concerning further research. The
research areas which appear fruitful for investigation as a
continuation of questions which emerged from the experiment
reported here, are grouped under four headings.
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There appears to be a need for longitudinal studies of
cognitive styles, not necessarily confined to the one
conastruct, and possibly related to both Piaget's theory
of intellectual development (particulerly the concrete-
abstract continuum) end to & personality theory similar
to that of Harvey, funt and Schroder, one which related
perception, cognitive cost and gelf concept. Such &
study would be concermed with possible situational
determinants, and especially with the influence of
teachers on preferred conceptual modes. Are there marked
changes in conceptual style at certain periods in a
child's 1ife. To what extent are they related to change
of teacher or other factors? If teachers are influential
in effecting such changes, are the changes related to the
teccher's own personality or own cognitive style? Or are
they, alternatively, some function of teaching style?
These are emong research problems which it would seem
profitable to explore, A further aspect of the cognitive
style construct studied in the present investigation was
a slight clue that the relative balance between the three
modes might be as important as the weighting attached to
the dominant one. This, together with & study of which
stimulus pattermns tend to evoke which type of cognitive
response style, is another potential study. A specific
question for further investigation is the relationship
between response set and other cognitive and personality
characteristics.,
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Indiyidua) Differences.

The veriance attributable to pupils within the interacting
matrix of pupils, teacher, methods, styles and sex was of
considerable strength in the mejor analysis of variance,
Neither Otis I.2. nor cognitive style accounted for other
than a portion of this variance. Sex, however, was a
factor interacting with teacher and objectives. It was
suggested that boys might transfer and apply learning
more readily than girls. Such a proposition requires
further testing. VWhen I.G. was covaried, sex appeared as
a factor having significant main effects. Further research
on the relationship between sex and the achlievement of
objectives, between sex and learning variasbles (other than
science content, for example) and between sex and school
learning with I.0. controlled, would appear to be valuable
enterpriges. It is hardly necessary to recommend further
investigation to identify individual differences beyond
intelligence and cognitive styles. Cronbach (already
cited) has suggested that the potent factors may be non-
cognitive. The contention is not denied, but the task of
identifying the important variables remains. Until this
is accomplished, attempts to develop a comprehensive
theory of instruction may be limited.

Zeaching Strategles.

Insofar a:z @ifferent objectives are achieved to differing
extents by different teaching procedures, further investi-
gation on the most appropriate combinations of expository
and inductive instruction to achieve multiple cognitive
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objectives should be initiated, Turther studies in which
amount of guidance is varied, or in which procedures are
compared, might advigedly be over longer periods of
instruction time than the one-hundred-minute-span of

this experiment. A research programme dealing with var-
isbles of task-presentation (e.z. cues, set, sequence,
practice, form of presentation) with task charescteristics
and with teacher functions could be developed. It is also
suggested that research on instruction could be conducted
at two levels of analysis simul taneously, the gestalt and
the analytic. It was not possible in the present inves-
tigation to identify which were the major within-method
variables. An additional recommendation is that attempts
be made to measure multiple outcomes, cognitive and
affective, for & range of teaching procedures, holding
content and pupil characteristics constant, or varying
certain pupll characteristics systematically. Such a re-
search programme would be exploratory, and rather open-
ended, but would, it is belleved, contribute to the
development of a theory of teaching.

Angtrumente.

A difficulty in measuring multiple outcomes is in loecating
and developing instruments which are sufficiently sensitive
to discriminate subtle changes with greater precision than
was achieved in this study. A need for means to measure
attitude changes, self-concept modifications and affective
cutcomes resulting from school learning, is apparent. The
task of constructing, testing and refining appropriate
scales and instruments is a major one.
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APPENDIX A: (INSTRUMENTS)

A Administration: Triad One. (With tests and
answer sheet)..
A2 Administration: Triad Two. (7ith tests and
answer sheet).
A3 fdministration: Science Test - Torce, ‘ork and "nergye.
(74th test).
Ay Administration: Post-tests. (7ith the four tests).
A5 Criteria for Science Test IIB - Scoring Gaide.
("ith Control Group tests).
A6 Administration: Pupil Opinion Survey.
(With test).
A7 Example of Test ObJectives.
A8 Item Analysis Data: Cognitive Ctyle measures.
A9 Ttem Analysis Date: Science Content measures.

A,10 Item Analysie Data: Pupil Opinion Curvey.
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APTENDIX A.4: ADMINISTRATIO

PREPARATTON .
"ter ensuring that all pupils had pencils and rubbers
ready, the booklets and answer sheets were issued. Children
were asked not to open the booklets until instructed to do so,
but were instructed to enter neme, date etc. on answer sheets.

TN TRODICTORY STATFMENT TC CHTIDRTN.

"Today I have an exercise for you to do, one which I
think you will enjoy very much. It is an exercise, and JOT
a test. Have you noticed that when people are grouping
things, each one has his own way of doing it? For example,
if you were putting some marbles into groups, you might do it
in many wvays. Fach way is right for the person doing it.
Today, T want you to do some grouping for me. Look at the
cover of the booklet. I shall read it s2loud, while you follow
what it says."

INSTRUCTIONS

%hen you are told to start you will open the booklet
and find some plctures arranged in groups of three. Fach
group of three ig numbered, and each picture has a letter
beneath it. The first page is arranged like this:

Picture Picture Picture
s Be be Ce

Picture Picture Picture
2 d. e. e

You are to pick from each p of three, two
pictures that are or in some way. On
the answer sheet put an X on ers, to show the
pictures you heve chosen. Then, after the word "because”,
write your reason for picking those two pictures. Usually
the reason can be stated in only a few words, and you do not
need to write a complete sentence, or to worry about your
spelling. There are no "right" or "wrong" answers. You may
work at your own speed. If you finish before the others
close your booklet, sit quietly and wait for further 1ns£ruc-
tions. Please do not mark your booklet.

Please wait for the signal to begin.
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FNAME: BOY or GIRL:

AGE: years monthse DATE:

Remember: Put an ¥ on the two letters from each group of
three to show the plctures thet are alike or go
together in some way. Then, after the word
"because", write your resson for picking those
two pictures. You do not need to write complete
sentences, or to wcirry sbout your spelling.
There are no "right" or "wrong" answers.

g‘mb@!‘! Sroup: Heagon:

1. a. be. Ce because
2. d. e, e because
B Ba be Ca because
L, ' I e. L. becsuse
5. a. b, Ce because
6. dc ‘! r. mm‘
Te A, be - PO because
8. a,. e. f. becsuse
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ACENDIX A.2: ADMINISTRATION - TRIAD TWQ

INTRODUCTORY STATENENT TO CHILIRFN.

"ILast time you were kind enough to help with an
exercise which had a muber of pleturee arranged in groups
of three. You will remember that you chose pairs of pictures

that were or would W in some way. You made
some X's on the answer sheet to show your pair out of a group
of three and then you wrote yowr for choosging those

two. {'.himc you will remember tha %ell, today there ure
some more exercises which are really very interesting ones -

I think you will enjoy doing them. Put before we go on to

some of the new onee, I should 1like you to help me.with

pileture grouping. fter last time, it wes decided to alter

the exercise 8 little. Today I should 1like you to find

lthreg ways of making pairg out of each group of three pictures.”

(Demonstration on blackboard).

"On the answer sheet you will f£ind that
one has room for three lots of two that are glike or wil

Bo_together in some way.

e.g. 1. ﬂl b. c. because AR RN R RS R R R R R R R RS R R R

#8048 8000008 sRRe0BesesRLtEROROBRDS
. b. Ce BOCRUBSG ssvcesssvencssesocnosnssss
P PSS S NIV AD BB SRS ERDORRER
a. be Ce DOCAUBO cevsvsssscsscsssssssnsses

LA A AR R AR R AR SRR E R E R AR R ERNENRENSE R

You might put a and b together, or a and ¢, or ®» and c.
Fowmr, you might put a and b together twigce, but for
ifferent reasong. Are there any questions? For a group of

pee pictures, you are to ehoosc pictures that are

or W in some way. a X on your answer shee

over the two letters that go with the two pietures, and write
your reason very briefly. You are to try to find 'Ehroe ways
of making pairs for each %? of pictures. Ve are interested
in your reascns, 80 you co have the same letters more than
once, but for different reasons.

Are you ready? Very well, start now."
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MAME: BOY or GIRIL:

AQR years months DATE:

Loock at each group of three pletures, and try to find three
ways of making that are Q%ﬁ or in some
way. For each paid, put an X on e two letters to show
which you have chosen. Then, after the word "because",
write your reason for picking tlose two pictures. You do
not need to write complete sentences, or to worry about your
spelling. There are no "right" or "wronk" answers.

Number:|  Group:r | Reason:
| | |
. a. b. Ce because ;

g, | #a w P because

a. e. £, because

Id. €. o because
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This test was administered by class teachers as part of the
sclence programme in the experimental school. The embedded
items were numbers L, 7, 9, 10 and 11. The remainder were
designed to test performance on the current science unit.

Ttems 12, 13, 14 and 15 were modificatione of items used by

Suchman, (See Hedges, "«De (1966). Eva
f e Scie . California: "adsworth.
NERAL INS TON 0 \RE .

Please ensure that all pupils have pencils and
rubbers, and ask them to £111 in date and name. Observe
the usual test conditions. Rapport will be easily established,
but as part of the approach, suggest to the children that we
are interested to see they can handle sclence ques-
tions, some of which m e new to them.

Read out the instruetions, trying to *nsure that all
children understand what is regaired. Most pupils will finish
in fifteen to twenty mimites, but allow time for all of them
to finish. If any pupil should have difficulty in reading
any question, please assist by reading *he question quietly
to him, Thank you.
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SCIENCE TEST - FORCE, WORK AND ENERGY (A)

Date: Name:

Unless the question has special instructions

(for example Question Two) you should record your
answer by printing, in the space at the right hand
side, the letter ?A, B, C or D) showing the answer
you have chosen to be correct.

i« A push, a pull, and gravity are examples of a
particular kind of:
A. force,
B. frietion.
C. 1inertisa.
D. work. 1.

2. Below are four pictures, i, ii, iii and iv. Under
the pictures are some phrases to describe what is
happening. The phrases have letters beside them,
Choose the correct phrases to go with each picture,
and put their letters in the right answer space.
Each answer space will have at least two letters
in it.

2. 1.

1 i,
@ 1114, _
: = Wy
i i1. L % % iv,
A. Work donme. B. No work done.
C. Potential energy gained. D. Kinetic energy gained.
E. Gravity acting. F. Priction acting.

3. If I had four blocks, each of the same weight, which
one would be hardest to push along a wooden floor?
A, A glass block.
B. A wooden bdblock.
C. A concrete block. _
D. ‘n 100 bIOCk- .3'
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: - 1

-— - -

Which is the BEST reason to explain why this racing
car is hard to roll over?
A. The width between the wheels keeps the
weight low.
B, The difference in size between back and
front wheels gives more grip.
C. The large rear tyres increase the amount
of friction.
D. The length of amle gives a wide wheel Dbase.

5. Whieh arrow shows where the moon's gravity would
cause a space craft to speed up again in a flight
to the moon?

OliTioe

6. The pull of gravity makes it harder to 1lift a heavy
weight:
A. at the equator.
B. at the south pole.
C. halfway between equator and pole.
D. 1in space above the earth. 6.

Se

7. The astronauts on the moon leaned forward in the
direction they wished to walk, They did thie
because:

A, the solar wind pushed so strongly against
them.

B. they were protecting their eyes from the
glare of the strong sunlight.

C. they had the life-support packs on their
backs.

D. the moon's surface was so soft, 1t took
more energy to walk on it. 7.

et e et
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8. Which statement is NOT correct?

A. Inertia is the tendency to resist
movement.

B. Inertia acts on all stationary obJjects.

C. Inertia is the tendency to continue

. moving in a set direction.

D. Inertia is absent on the moon.

9. An object like a pyramid is hard to tip over.
Which is the BEST reason to explain this?

A. The object has angled sides.
B. The object has large flat surfaces.
C. The object has a low weight centre.

D. The object has a large masgs. 9

10. The Leaning Tower of Pisa, sketched below, does not
fall over because:

A. the earth's rotation acts against its
falling.

B. it has no strong force acting on it.

C. it has greater weight in the bottom half
than in the top half.

D. the line through which gravity acts falls
inside the base. 10.

11. When a force begins to tilt a stable object, the
object tends to:

A. move away from its original position.
B. return to its original position.
C. take up a mnew position.
D. move position in line with the force
being used. 1.
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12. Look at the picture and then answer the question.

Stretched rubber bands

A

- s
i i L . i /1" £ o "i

Cut here

I >

Irf the rubber band is cut at the place marked, the
toy truck would:

A, move towards A.

B, move towards B,

C. not move,

D. fly straight up. 12,

13. How would you make the truck move in the opposite
direction?

A. Change the rubber bands before starting
the experiment.

B. Drive the nail at A further in.

C. Take the wheels off the truck.

D. Cut the other rubber band., 135,

14. Which rule explains why the truck moves?

A, Whenever a force acts on an object, that
object must move.

B. Whenever two forees act on an object, that
object does not move.

C. When an object is moving, the forces
acting oen it are in balance.

D. When an object is set in motion, the forees
acting on it are not in balance. "

5 1 e

15. Which form of energy allowed this experiment
to work?
A, Potential energy.
B. Kinetic energy.
C. Molecular energy.
D. Chemical energy. 15.
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ADCENDIX A.lit  ADMINISTRATION - POST-TESTS

QRDER OF ADMINISTRATION

Test 1. éu, children (Science Test - Part IA).
Test 2. groups 1, 2, 3 and 4 (who were with
Miss - and Mr. -), Selence Test - Part TIA,
For groups 5 and 6, Test - Simple Machines.
Test 3. All children (Pupil Opinion Survey).

IMING. It was expected that all children would complete
each test. Times anticipated for completion were:
Test 1. 20 minutes approximately.
Test 2. 20 minutes spproximately.
Test 2. 15 to 20 minutes.

%%Lwi. If any child had difficulty reading any item,
wag read to him without disturbing the other ch.ildran

"On Tuesday and Thursday you had some extra science
lessons with four teachers, Miss - and Mr. - in the Art and
Science Rooms, and Migs - and ¥iss - in Rooms 9 and 23. The
lessons were all new ones for Form I children. We are really
very interested to know what you found out in those lessons,
and how well you understood them. The best way for us to
find out 1is to give you some questions to answer. I think you
will find the questions very inter sting ones. We would like

you to answer them %me There are three lots
of questions for you to do.

(Test 1 issued).

"Please put on the top of the paper the name of the
teacher you had on Tuesday and Thursday. Then put the date,
and your full name, i.e. first and second names, e.g. John James.'

(Instructions read through to children to make sure they knew
what to dO)a

"If you have any questions while you are working, Jjust
raise your hand and someone will come to help you. Remember
to do your best. If you cannot answer a fmation, go on to
the next one and come back to it later. f you ecan, try to
answer all the questions."

Tegt 2. Procedure as for Test 1.
Wﬂm Procedure as for Test 1.

TIDREN, "You will have met this exercise before.
"you to do it again for us today. This wm. help
us to knw whother ¥e have asked the right questions.”

for the second test occasion, fourteen days
a similar pattern, with only two tests (Seience
Tests IP and IIB) being given.
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SCIENCE TEST - PART T (A)

Late: Name:

Choose the letter A, B, C or D which shcws the answer
youn docide is correct. Put that letter in the space
at *te right hani siie of the page, heside the number
of the question you are answering. Do not spend a
1-n time over any one question. Go on to the end
and come back to that question lsater,

Whict of the four blocks, each weighing five pounds
and having the seme base area, is the least stable?

L

A B C D 1.

Which of the four blocks, all of equal size, is
the most stable?

BV -$¢
“ jh:

Leod Wood C ork Glass

A B C D 2.

Look at the scale drewings of the f-ur objects.
Each 1s elght inches high and welghs two pounds.
Which is the most stable?

WA [

Look at the pictures below. Which of the book,
the glass, the bottle or the spoon 1s most likely
to fall off the table?

o o

o) 3

D 4,



. The point within an object through which the
pulling force of the earth works 1s called:
A. the centre of mass,
B. the centre of force.
2. the centre of volume.
D. the centre of gravity.

5. Which of the following objects 1s most stable?
A. A building brick.
B. An empty petrol tin.
C. A hardboiled egg.
Do Ar empty tea-cup.

7. Which is the BEST reason to explain why this
racing ~ar is hard to roll over?

0-5-4

A. Thne width between the wheels keeps the
welght low.

B. The dlfference in size between back and
front wheels glves more grip.

C. The large rear tyres increase the amount
of friction. ;

D. The length of axle gives & wide wheel base.

f, Which plece of apparatus would give you the most
accurate position of the centre of gravity in an
odd-shaped piece of cardboard?

A. A foot ruler.

B. A weighted string.
C. A palr of compasses.
D. A sharp pin.

9. Which statement describes an object which 1s not
very stable?
A. The object has

C. The object has

8.

great helght and a large base.

a

B. The object has a large base and little weight.
a
a

D. The object has

small base and great height.

9.

10. An object like a pyfamid'is hard to tip over. Which

is the BEST reason to explain this?
A. The object has angled sides.
B. The object has large flat surfaces.
C. The object has a low weight centre.
D. The object has a large mass, '

10.

great weight and 1little height.

e
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*+., lrreyul.r objects will balance when:
A. the weight 18 evenly spaced around the centre.
R, the centre of gravity is directly over the

base of support.
. the point of support is directly adove the
centre point.

N. the base 1s wide enough to hold the weight.
' 14,

¥ho has the lowest centre of gravity?
\ éij» ﬁ;l)
|
Pl:- - C- 60 12.
13. The centre of gravity of any object is:
A. the point in the exact eentre of the object.
B. the point on which the object will turn.
C. the point through which gravity takes its
effect.
D. the point where all forces act squally on
the object. 13,
14. which mark would be nearest the centre of gravity
of this plece of cardboard?
14.

. When a force begins to tilt a stable object, the
object tends to:
A. take up & new position.
B. move away from its originel position.
C. return to its original position.
D. move position in line with the force being
used, . : 15.
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7.

18.

19.

20.
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The astronauts on the moon leaned forward in the
direction they wished to walk. They did this because:

A.
B-

~
oe

D'

they had the 1ife support packs on their backs.

the moon"s surface was so soft, it tcok more
energy to walk on 1t.

they were protecting their eyes from the glare '°
of the strong sunlight.

the solar wind pushed so strongly against them.
16.

The Leaning Tower of Pisa, sketched below, does not
fall ecver because:

the earth's rotation acts against its falling.
it hes no strong foree acting on it.
the line through which gravity acts falls
inside the base.
it has greater weight in the bottom half
than i{n the top half. | 9

#hich arrow shows the line on which gravity is
acting on the toy perrot balanced on the table edge?

| -

ABCD. —

Weight may be described as:

A. the mass of an object.

B. the overall density of an object.

C. the effect of gravity on an cbject.

D. the total volume of an object. 1e.
To increase the stability of an object you would
increase: '

A. the height of the object.

B. the weight of the object.

C. the volume of the object.

D.

the length of the object. 20.
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SCIENCE TEST - PART I (B)

Date: Name:

Choose the letter A, B, C or D which shows the answer
you declide 18 correct. Put that letter in the space
at the right hand side of the page, beside the number
of the question you are anawering. Do not spend a
long time over any one question. Go on to the end
and come back to that question later.

1. Which of the four blocks, each weighing four pounds
and having the same base area, 18 the least stable?

C o O 0

A 1.
2. Which of the four blocks, all of squal size, is
the most stable?
‘ii‘,I ’_/ 1!!.‘
L i d-
Wood - Gloes C ok
A B c 2.
5. Look at the scale drawings of the four objects,
Each {s ten inches high and weighs three pounds.
Which is the most 2table?
L/Z\
A B G D Se
4. Look at the pictures below. Which of the book,
the glass, the bottle or the spoon is most likely
to fall off the table?
A B (o D 4.



205.

11. Irregular objects will balance when:
A. the centre of gravity 1s directly over the
base of support.
B. the weight 1s evenly spaced around the centre.
C. the point of support 1s directly above the
centre point.
D. the base is wide enough to hold the weight. 11.

12. Who has the lowest centre of gravity?

ﬁ !
|4

13. The centre of gravity of any object 1sa:
A. the point where all forces act equaliy on
the object,
B. the point through which gravity takes its effect.
C. the point in the exact centre of the object.
D. the point on which the object will turn.

-=.JJ

12.

o

13.
14, Which merk would be nearest the centre of gravity
of this piece of cerdboard?
14,
15. When a8 force begins to tilt a2 stable object, the
object tends to:
A. return to its original position.
B. move away from its original position.
C. move position in line with the force
being used.
D. take up a new position. 19

1€« The astronauts on the moon leaned forward in the
direction they wished to walk. They did this because:
A. they had 1ife support packs on their backs.
B. the mocn's surface was so soft, it took
more energy to walk on it.
C. they were protecting their eyes from the
glare of the strong sunlight.
D. the solar wind pushed so strongly against
them. . 16.

e



17. The Leaning Tower of Plisa, «%etched below, does not

fall cver because: @
!
0z

A. the line throush which gravity acts fails
: inside the btase.
B. the earth's rotation acts against its falling.
C. 1t has grester weight in the bottom half than
‘ in the top hsalf.
L. 1t has no strong force acting on 1it. 17.
18. Which arrow shows the line on which gravity is
acting on the toy parrot balsnced on the table edge?

18.
AT 8. C
19. Weight may be descrited as:
A. the total volume of an object.
B. the effect of gravity on an object.
C. the overell density of an object.
D. the mass of an ot ject. 12.

20. To increase the stability of an object you would
incresase:
A. the length of the object.
B.  the weight of the object.
C. the helght of the object. ‘
D. the volume of the object. 20.
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S The point within an object through which the pulling
f'orce of the earth works 1s called:

the centre of mass,

the centre of grsvity.

the centre of volume,

the centre of force. Se

Hae
n
e

~
v ow

D.

" the following objects is most stable?

An empty petrol tin.
A hardbolled egg.
An empty tesa-cup.

A bullding brick, 6s

7. Which is the PEST reason to explsin why this
recing ~ar is hard to roll over? '

The width between the wheels keeps the
weight low.
The large rear tyres increase the amount
of friction.
The difference in size between back and
front wheels gives more grip.
The length of axle gives a wide
wheel base.

e

8. Which plece of apparatus would give you the most
accurate position of the centre of gravity in an
odd-shaped plece of cardboard?

A welghted string.

A palr of compasses.

A foot ruler.
A sharp pin.

9.

10.

A-
B.
Co
D.

Which statement describes
very stable?

A.
B.
c.
D.

The
The
The

The

object has
object has
object has

object has

a
a
a
a

8.

an object which 1s not

great height and e large base.
smsll base and great height.
great weight and little height.
large base and little weight.
9.

An object like a pyramid is hard to tip over. Which
is the BEST reason to explain this?

object has a large mass.

object has angled sides.

object has large flat surfaces.

Ao
B.
C.
Do

The
The
The
The

object has a low weight centre. “10.
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SCIENCE TEST - PART II (A)

Date: Name:

1. A runner needs to alter his centre of balance when
he sprints around a sharp curve. He does this by:
A, leaning out on the bend.
B. leaning into the bend.
C. keeping straight up and down.
D. keeping his welght forward. 1.

2. When a gymnast is walking slong a narrow beam Bhe
can improve heér stabllity most easily by:
A. spreading her arms.
B. bending her knees.
C. pointing her toes out.
D. keeping her head forward. 2.
3. Which is the least stable position - one which would
be difficult to hold for long?

I e

4. Which is the most stable position?

4.

5. Which sketch shows the correct line of gravity in
these tyo-man balance exercises?

tnd
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6. Which runner has set his centre of balance to get
the best start?

6.
7. My model yacht capsizes too easily. How can I
BEST make it more stable?
A. Reduce the amount of sail,
B. Reduce its overall length.
C. Increase the weight of the keel. :
D. Increase the width of the hull. B
8. Two boys, Ted and Fred, carry a ladder on their
shoulders as shown in the sketch below.
[T 1 Lﬂﬁz [
ﬁm Fred.
Who carries the heavier weight?
A. Ted, because he is further from the baknce
point.
B. Fred, because Ted is nearer the turning
point.
C. Fred, becasuse he is nearer the centre of
gravity.
D. Neither, each carries an equal share of the
welight. 8.

9. A canoe 1s not very stable. If the centre of gravity
is positioned near the seat, which arrow shows the
safest way to step from the shore into the canoce?
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10. I have some tall, heavy flowers to put in one of four
clay vases, Which vase will I use if I wish to keep
my flower arrangement stable?

IR

11. Which of these pictures shows a correct balance of
a 3 pound weight and a 4 pound weight?

@IJ]AJL@] I@TT&I[I@]

A B.
R (o [, el NG [P [ , [ | S [ [ (R T |
- ® 5 ] ©
. D, i i |

12. Look at the picture of tie group of objects balanced
on the table edge.

. & Ruler
| -

-  Harmmer,

Which is the BEST reason to explain why these
objects balance as they do?
A. The centre of gravity s in the hammer
near the string.
B. The centre of gravity i1s in line with
the edge of the table.
C. The low centre of gravity increases
friction on the ruler.
D. The objects are arranged to have a low
centre of gravity. 12.
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13. Below are drawings of the same plece of wood 1n
four different positions. If a tipping force is
pushing esch one in the direction shown by the
arrows, which one is in the least stableposition?
Note: The centre of gravity is marked.

~0\ 2\ "D =/ =\
A. B. C. D. 13.

14, Which 18 the BEST reason to explain how a picture
hangs perfectly straight.

A, The hook is in the exact middle of the

' length of string.

B. There 1s an equal area of picture each side
of the centre line.

C. The support point is right over the centre
of gravity.

D. The weight ¢f the picture is lower than the
point of support. 14,

me——

15, A girl weighing 50 lbs. is sitting on the end of the
see-saw. Where would a boy welghing 100 lbs. have
to sit so that the see-saw balances?

A. At 187 B. At 147 C. At 127 D. At 10?
15.

16. The picture below shows two objects joined by &
light wire and supported by & string from a ‘hook.

> \c:)
Y
Why do the weights, X and Y, stay in this position?
A. X welghs the same as Y. '
B. X is heavier than Y.

C. Y is heavier than X.
D. Y is below X. 16. .
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17. Which 1s the most sensible reason for adding a longer
tall toa kite?
The tall will make the kite more stable by:
A. Increasing the welght of the kite.
B. increasing the mass of the kite.
C. reducing air resistance on the kite.
D. lowering the centre of gravity of the kite. 17.

18. Look at the picture of the s0lid wooden wheel. Notice
where a plece of lead, half the weight of the wheel,
has been fitted into it. If the wheel can move in the
gently sloping path, which way will it move?

X z

Y

A. The wheel will first roll downhill to Y.
B. The wheel will first roll uphill to Z.
C. The wheel will immediately roll all the way
to X.
D. The wheel will remain still. 18.

19. Which is the most difficult to balance on its end?
. A new pencil. '
B. A drinking straw.
C. A wooden clothes peg.
D. A cigarette. 19.

20. Which would be safest to use when travelling downhill
along a winding road?
A. A tricycle.
B. A bicycle.
C. A go-kart.
D. A pram, 20.
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SCIENCE TEST - PART II (B)

Date: Name:

2.

What is meant by "top-heavy"?

Why is it easier to ride a three-wheeled cycle than a
two-wheeled cycle?

Why should you never stand upright when changing places
in a rowing boat?

Look at the drawing:

— ——

| l

o T

Why will the cup, with knives crossed and held in
place in the handle by a roll of paper, balance on
a finger-tip?
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5. A potato with & meat skewer in it is suspended
from a string. The potato and skewer alone will
not hang in the way shown in the pieture. If I have
two dinner forks, I can meke the potato and skewer
hand so that the skewer is level. Draw the two forks
in on the picture, so that the objects hang in a
balanced position.

6. Two children, Jack and Jill, are NI
on stilts, as shown in the picture.
Why is Jill easier to push over
than Jack 1s?

|
L Jack .

7. You have been asked to design a cup which will dbe
very stable and hard to knock over. Draw your cup
in the box below.

8. Some objects are very stable indeed. What three
things will be true of such objects?

(a)

()

(e
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Iteq Guide to Scoring

Seore lax~
Given

imunm

1.

Simple statement, limited to L8 "Is heavy"
Deaeriptive atatemmt, e.g. "Heavy in top
"Unstable"
“escription with reason, e.g., "Has a high
centre of gravity and is unstable”

0
1

2

2.

Simple statement, e.g. "You don't need to
balance it"

].‘Jtlm'.!:.'ipt;wez'g implies reason, e.g. "Has &
wide base

Statement with reason, e.g. "The wide base
makes the weight centre lower"

e

Simple statement of consequence, e.g. "will
tip over"

Description, reason implied, e.ge "It will
become less stable"

Reason given, e.ge "It will aiter the centre
of gravity, and be less stable”

L.

Simple statement, ec.ge. "It is balanced"

Description, reason implied, e.g. "The
welght is increased evenly"

Reason in principles given, e.g. "The centre
of gravity is lowered" "Balanced on line
of support"

N =l N =

5

Cive gero if no possibility of balance
Give if a balance appears possible, but
not clearly accurate enough to be sure
Oive if a clear fulerum pattern is shown|

or counterbalanced with forks in potato

N = O|lw

6o

Give % if deseriptive only, e.g. "J111 is

tal
Give two if reason is supplied, e.g. "Jack
has a lower weight centre"

i

7

Give if base increased but cup would be
dai cult to drink from

Give if base wide, or sides straight, or
additional weight added, and still easy to
drink from

8

Give point for each clear prs.nciple with
luﬁ- s e8¢ heavy weigh ﬂn

centre of gravity
' gnvity '{thni\uu zone, low -.na squat.
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SCIENCE TEST -~ SIMPLE MACHINES

cate; Name:

Unles:z tre question has special instructions

(for example Question Four) you should record
your answer by printing, in the space at the
right hand side, the letter (A, B, C or D)
shewing the answer you have chosen to be correct.

1. A screw 15 an example of which of the following kinds
cf simple machine?
A. The lever.
E. The wheel and axle.
C. The inclined plane.
D. The wedge. 1s

This earth digger is using the principle of:
A. the lever and puliey.
B. the wedge and wheel.
C. the wheel and axle.
T, the pulley and inclined plane. s

3. Which pattern is found in s first class lever?
A. Fulcrum, load, effort.
B. Load, effort, fulcrum.
C. Effort, fulcrum, loead,
D. ©None of these. 3.

4. In the answer space beside each of the following,
put the number which tells what kind of & lever
the object 1is:

1 = first class lever
2 = second class lever
3 = third class lever 4,
- Y wheelbafrow i.l
11. sugar tongar i1.
11i. & spade 111.
iv. scissors iv.
v. nuterackers v.
vi. &a see-saw vi.

vii. tweezers vi;.

BENEN
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Y« Below is a list of simple machines., Alongslde is &
list of everyday objects. In the answer space at
the right, put the correct letter to show what kind
of simple machine each object is. You will need to

use some of the letters more than once. ’
A, Lever. i. a ship's gangplank. I

B. Wheel and axle. ‘.
C. 1Ineclined plane. 1ii. an axe head. 11.

D. Wedge.

E. Pulley. 111. a pair of pliers. 111,
iv. a screwdriver. : iv.
ve & 1ift (elevator). V.
vi. =a garden fork. vi.

vii, a flight of stairs. vii.
viil. a door knob. viii.

€« Print the letters F (fulcrum), E (effort), and
L (load or resistance) in their correct places in
trhe boxeas.

(1)

(11)

W e

7. I wish to 1ift a weight of 2,000 pounds up to a height
of 8lx feet. Which of the following simple machines
would I use if I had only manpower to help me?

A. Inclined plane. :
B. Wedge.
C. Wheel and axle.

D. Lever, Te

T
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8. A girl weighing 50 pounds is sitting on the end of the
see-saw. Where would a boy weighing 100 pounds have
to sit so that the see-saw balances?

A, At 167 B. At 14?7 C. At 127 D. At 107
8.

9. Which arrangement of lever and fulcrum would you
use to 1ift a very heavy load?

\&\Dw

A. B. .

T —=—0
c. D.

10. Which of these pictures shows a correct baléance
of & three pound weight and a four pound weight?

W C o W e s

A. B. c. D.

11 .Look at the drawing and then choose the reason
which BEST explains why this balance works.

;2 You Aﬁ TheM,

A. YOU are five times as heavy as any
one of THEM. '

B. The plank is five times heavier than the
usual see-saw plank,

C. The five of THEM take up five times as
much space as YOU do.

D. The long arm of the plank is five times
longer than the short arm.

12. Drew a simple machine, name the parts, and say
how it works.

9.

10.

11,
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SCIENCE TEST - FORCE, WORK AND ENERGY (B)

Date: Name:

Unless the question hes special instructions (for
example Question Two) you should record your answer
by printing, in the space at the right hand side,
the letter (A, B, C or D) showing the answer you
have chosen to be correct.

1. A push, a pull, and gravity are examples of a particular
kind of:
A. work.
B. 1inertia.
C. friction. .
D. force. 1.

2. Below are four pictures, i, 1i, iii1 and iv. Under the
plctures are some phrases to describe what is happening.
The phrases have letters beside them., Chbose the
correct phrases to go with each picture, and put their
letters in the right answer space. Each answer space
will have at least two letters in 1it.

2. 1
i1
111
% .
1 1. ii. iv.
A. No work done. B. Work done.
C. Kinetic energy gained. D. Potential energy geined.
E. Friction acting. F. Gravity acting.

3. If I had four blocks, each of the same weight, which
one would be hardest to push along a wooden floor?
A. A concrete block.
B. A glass block.
C. A wooden block. ‘
D. An ice block. k-5
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Which is the BEST recason to explain why this racing
car is hard to roll over?
A. The difference in size between back and
front wheels gives more grip.
B. The length of axle gives a wide wheel base.
C. The width between the wheels keeps the
weight low.
D. The large rear tyres increase the amount of
friction. L,

5. Which arrow shows where the moon's gravity would
cause a space craft to speed up again in a flight
to the moon?

5.

6. The pull of gravity makes it harder to lift a
heavy weight:
A, at the south pole,
B. 1in space above the earth.
C. halfway between equator and pole.
D. at the equator. _ 6.

7. The astronauts on the moon leaned forward in the
direction they wished to walk. They did this
because:

A, the moon's surface was so soft, it took
more energy to walk on it.

B. they were pretecting their eyes from the
glare of the strong sunlight. s

c. th:hlolar wind pushed so strongly against

em.

D. they had the life-support packs on their

backs. Ts
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8. Which statement is NOT correct?

A. Inertia is the tendency to resist movement.

B. Inertia is the tendency to continue moving
in a set direction.

C. Inertia is absent on the moon.

D. Inertia acts on all stationary objects.

9« An object like a .pyramid is hard to tip over. Which
is the BEST reason to explain this?

A. The object has a low weight centre.

B. The object has large flat surfaces.

C. The object has a large mass.

D. The object has angled sides. 9.

10. The Leaning Tower of Pisa, sketched below, does not
fall over because:

A. 1t has greater weight in the bottom half
than in the top half.

B. it has no strong force acting on it.

C. the line through which gravity acts falls
inside the base.

D. the earth's rotation acts against its
falling. 10.

11. When a force begins to tilt a stable object, the
object tends to:
A. take up a new position.
B. move away from its original position.
C. move position in line with the force
being used.
D, return to its original position. 1.
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12. Look &t the plcture and then answer the question.

Cidk i, Stretched rubber bands.

A w/‘/a \

]
I ’j@;&::ffﬁEfL* f
| 4 N D ~ -

o T P Tr v ]

1f the rubber band 1is cut at the place marked, the
toy truck would:
As. not move,
B, move towards B.
C. move towards A.
D. fly straight up. 12,

13. How would you make the truck move in the opposite
direction?
A. Change the rubber bands before starting
the experiment.
B. Take the wheels off the truck.
C. Drive the nail at A further in. '
D. Cut the other rubber band. 13.

14. Which rule explains why the truck moves?
A, Whenever two forces act on an object,
that object does not move.
B. When an object is moving, the forces acting
on it are i1n balance.
C. Whenever a force acts on an object, that
object must move.
D. When an object is set in motion, the forces
acting on 1t are not in balance.
14,

15. Which form of energy allowed this experiment to work?
A. Molecular energy.
B. Chemical energy.
C. Potentiel energy.
D. Kinetic energy. 15.



APPENDIX A,6:

The portion of the Survey relevant to thim study is Part One,
which includes scales of

sa; attitudes to academic achievement, and

b} interest in science.

The iteme for (b) are numbers 2, 7, 16, 17, 18, 19, 21, 26,
28 and 29. The remaining twenty items comprise (a).

The test was administered by class teachers.

QENERAL INSTRUCTIONS TO TEACHERS.

Pleagse ensure that children have pencils and rubbers.
Tesue the booklete face up, asking the children to write their
names, whether they are a boy or a girl (because of possible
name/sex confusion, e.g. leslie), date, and their age. Actual
years and monthg ¢éan be filled in later from class registers.

ue what they feel about a number of things which are part of
being at school. Today, we are interested in finding out what
pupils think. The booklet just issued hes 2 mumber of state-
ments about school 1life; some you might agree with, and some
you might disagree with. The important thing is to give'xigz
opinion, and no* one you might think will plesse me, n
fact, I (your cleas teacher) will not be resding your answers.

Now let us read through the front part, under 'General
Directions', to see how we shall answer."

O TEACH=

Please read the front page aloud to children, stressing
ia; the non-tect nature of the Survey, and
b) the need for care in placing ticks in the correct box
beside the statement given.

Work through the practice example, to ensure that puplls
understand what to do, before telling them to begin.

The Survey is expected to take fifteen to twenty minutes for
children to complete. If any pupil hag difficulty reading any
statement, please read it guietly to him. Thank you.
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FUPIL OPINION SURVEY
General Directions:

We are interested i~ how girls and boys feel about a
number of things, snd we would like you to help us find out,
The snswers are neceded for part of a survey of pupils' opinions.

1. This is not a test, sc there is no right answer. Answer
the guestions as honestly as you can. Then the answers we
get will be truly the opinions of girls and boys. Your
answers are not going to be shown to other people.

2. Do not spend time puzzling over any of the gucstions, but
give the Tfirst answer that comes easily to you. Some ques-
tions are similar to other ones, but no two are exactly
alike. Your answers may differ in these cases. Your answer
is what is true of you MOST TIMES,

3, While answering the survey, you will find special instruc-
tions headed "%hat to do." Please follow these instructions
as they apply to you, when you come to thems

L. The questions and sentences you will read are in this booklet.
We would like you to put your enswers in the answer space,
alongside the same number as the guestion.

5, Put your answer by making a tick in the box which shows your
opinion. Answer each guestion only once.

6. If you have any questions while you are doing the survey,
raige your hand and someone will come to help you.

Kame: Boy/Girl;
Age: years months Date:
i E :
Code: Strongly Agree Nelther agree Disagree Strongly
agree nor disagree disagree
A B c D E

u—
| -

X. I like icecrean.

Y. I like porridge.
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Part 1: ¥What To lo.

Below are a number of sentences. To answer, put a tiek
in the box beside the letter which best tells your opinion.
This is the code we use:

Strongly Agree Neither agree Disagree Strongly
agree nor disagree Disagree
A B c D E

Begin with sentence number one. Be sure you put your opinion
of sentence 1 in one of the boxes beside 1 in your answer space.
B

A c D E

1. 1 would rather work with my hands i
than do ordinary schoolwork.

b -~

2. 1 enjoy trying to find reasons to
explain why things happen as they do

3« I am more interested in games and
sport then I am in schoolwork.

PR

L. If I had to choose between taking .
part in a competition or being the |
Judge, I would chocse to be the judge.

5. I stick to a project, or piece of | ‘ ’
work, until it is finighed even i
though it is dull and boring.

—

6. It worries me when others get better \
marks than I do. i

7. I enjoy lessons when we are shown ‘ ]
experiments and told why they work,

8. I prefer to sit at the back of the ] §
classroom

9. My friend stopped running hard when | l |
he saw that he was going to lose. & .
I would have done the same if I had '

been ruming in the rage.

——

&

40, I like being asked questions in |
class.
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12,

13.

1L,

15

16.

17.

18,

21.

22.

25.

25.

26.

My friends think I don't take my
schoolwork seriously.

I work hard most of the time.

#hen someone is being praised I
find myself wishing it were me.

I should like to leave school as
soo” as I am fifteen.

If I get lower marks than usual in
a test I feel disappointed.

11 someone told me that our bad
weather 18 caused by atomic bombse
end rocket blasts I would want to
k¥now how he could prove it.

Collecting thinge like rocks and
plante is a dull hobby.

I would rather find out things for
myself than be told.

S8eience 1is something scientists do
and does not affect my life very
much,

I often compare my ~ork with the
work of others.

Seience is one of the most interes-
ting subjects at schocol.

My mind often wanders off the
subject at school.

I usually leasve my homework until
the last minute.

i enjoy trying to rfind the asnwers
to difficult problems.

I enjoy being a class leader.

I like knowing how things move and
why they move

226.

_—
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27. If I do badly in one school subject
I find I do not try as hard next
time we have that subject.

28. Art does more for man than science
does.

29. I like rcading books about space
exploration,

3Ce 1 tell my parents about my successe '
at school. l

P 1I: Vhat To Do.
Please look at the five subjects listed below:
ART, MATHEMATICS, SCIENCY, SOCIAL STUDIES, STORY-WRITING,

In the answer spaces, at the right
write them in the order in which you
like them, starting at the top with
the one ycu like most and finishing
at the bottom with the one you like
least of the five.




Part II1: What To Do.

Look at the questions below and decide how interested you
would be in studying these problems and finding answers
to them. .

The code im:

31.

32.

33.

3h.

35.

36.

37.

38.

39.

Lo,

Very Interested Undecided
Interested

B c

A
L - L
How do seroplanes and birds stay

up in the air?

How do plants breathe and grow’

How do things balance in different
poniticns’

How do our bodies work?

How do things change from gases to
liquids to solids”

How do the sntars and planets send
light acrosa space’

How can we care for our pets?

How can things be made up of tiny
particles?

How can we protect our birds and
forestse?

How d4ié man come to be as he is?

Hot very
Interested Interested

228.

Not at all

| L

E
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APPENDIX A,7: EXAMPIE OF TEST OBJECTIVES

KNQYLEDGE AND UNDERSTANDING LFVEL

. Item YNo. of
l No. items

D r atio rad ab 1s) H | L}

Relative to height 1.

Relative to base and height Se

Relative to centre of gravity and support Lo
Identification of stable oblects: s,

Relative to weight 2.

Relative to base area 3.

Relative to height, weight and base 6.
Concept of gravity, defining: 19. 1
Centre of  rovity, concept: 8

Attributes of centre of gravity 5.

Locating centre of gravity 8.12.44}

Relative to centre of gravity and base 710,

Def ining centre of gravity 13.

Relative to balance and support 1.
Line of gravity, concept: 2

Relative to base 17.

Relative to support point 18.

By adjusting centre of gravity 16.

20,
15. 1
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TRIAD "NE TRIAD TWO
Item x X XX Meanl. Item = == EX¥ Mean
(p) (c) (®) | () | (©)  (R)
Ko 1 | o72 426 78 58 | 1e8e | 466 | 73 | o84 | .72
2 | 59 50 | 53 .54 be | 64 | 49 | 37 .50
3 | 63 | .50 | .80 ' .64 €. | 71 | 51 | A2 | W45
Ke 4 | 665 | 56 | .37 57 | 2.8, | 53 | .70 | .30 | .54
Ko 5 | 68 | M2 71 60| b. | 71| .88 | .63 f 72 |
| 6 | 51 | .25 |63 | .49 e. | .68 | .77 | .58 | .64
| 7 | 468 | W42 | .37 | W9 | B.a. | W63 | W53 | W59 | .58
| Ko 8 | .80 | 42 | .68 | .63 b. | .80 | .62 | .79 | .72 |
9| .70 | .25 |.73 | .56 | e. |.50 | .3 | .68 | .u9 |
| Ke10 | .58 | .30 | WO | W42 | Lea. | W77 | W53 | oM | W67 |
Kol | 48 | .50 | .43 | 47 b. | .22 | .70 | 60 | .51 |
12 | .37 | 23 |77 | M| el | .55 | W51 | .51 | 52
|13 | .77 | .58 .84 | 73 | 5.a. | W66 | 71| W81 73
AL | 75 | 66 | T | o7 b. | .84 | W50 | 498 .77
| K45 | .60 | 45 | W43 | W49 e. | J76 | .38 | .68 | .61
| Ke16 | 230 | 236 | 63 \ i3
17 | 51 60 | .68 | .59 a = First choice analysis |
18 | 463 | 71 |51 | .62 b = Second choice analysis |
Ke1O | 84 | .55 |.88 | .76 ¢ = Third choice analysis ‘
| Ke20 | .63 | pot | .78 | .37 |
21 | 48 | 30 | .70 | 49 = = Descriptive mode |
22 | 58 | 60 |75 | 64 xx = Categorical-inferential |
23 | 66 | 53 |79 | 466 nets |
2L | .58 | .30 | .52 | 47 | =3 = Relational-cantextual |
25 | 70 | .25 .73 | .56 s J
|

K. = From a published Kagan item.
Rema Ining items newly canstructed.
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Embedded Initial Retent ion First Second
Items Learning ‘Application-Application-
' ' Transfer

\
| |
|

27 | 17 480 | 461 | 488 | 51 | 53 | 56 |15 | 51

|2 a2 | 027 | 7% | 56 | .87 | .55 | .81 | 48 |48 67 |
{3 A6 21 _ o7l | 66 | «89 418 72 45 L7 4l !
4423 | .36 J66 | 8 | 65 | A3 | .75 | 66 |57 | 68 |
15 408 |19 | .92 | M3 .93 | W37 | .57 | W31 [.30 | W38
6 1492 | A9 | 490 | 43 | JTh | 56 |37 | 77
| 7 o35 | J57x | W38 | J56x | W51 | W4 |42 | .25
8 1460 | 74 475 | W1 | .58 | W57 [.65 | .75
9 L oT1 | 38 | 482 | 458 | .33 | 17
10 | o38 | JM7E | L6 | x| 075 | .66
1 | Wb47 | W67 |53 | 63 |40 | W47
12| 979 | W7 | 485 | 51 |20 | .18
13 o3l [ W32 | W43 | W2 |45 | W13
L 76 | W53 | .78 | W7 | .53 | .16
15 o18 | J58x | W30 | J73x | .50 | .67
16 = | 222 | J27= <35 | Ju8x | .52 | .60
17 56 | 57 | 53 | JTx |66 | U5
18 1420 | 418 .30 | o34 |33 | o5t |
19 l «58 E 442 i 57 60 058 L9 ; 1|
20 66 | 61 65 | M8 37 |51

Embedded items marked z in Initial Learning and Retention tests
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ARPENDIX £,10: ITEM ANALYSIS DATA

PUPIL OPINION SURVEY.

Item |Academic Achievement Item Interest in Cclence
Number Motivation Tunber
| 1 8475 2 578
! - 2.98 * 7 9.12
o 1.72 16 3.06
| ) 2.9 17 8.04
6 2.92 18 h.24
8 1.97 19 7.70
9 L.77 21 7.96
10 9.72 26 4.90
1" 6.99 28 2.46
12 5.65 . 29 7 .65
13 5.25
14 L .39
15 2.89
20 2.5,
22 5.02
23 L.84
24 5.58
25 7 .96
27 9.20
30 5.02 ‘
|
Fimires reported are t-values. t = - W 1
/3y
Ny 7,

Eawards (1957, pp.149-171) suggests 1.75 as a o:lgnir:lcant:
discriminating value if there are 25 or more subjects in
each of the upper and lower groups.
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The Training Programme.
4 Teachling Paradign.

Summary of lesson Principles.
Summarised lLesson Culdes,

Simplified Task Strucutres.
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APPENDDY B,1: THE TRAINING PROGRANIE

This appendix gives further detoils of the programme
of training for the teachers and observers in this study.
Subsections of the appendix include:

(a) task structures of the experimental lessons and
their links with the Torm T sclence curriculum
unit taught Just prior to the experimental work;

(b) summaries of the major concepts and principles
of stebility (the content of the research
lessons), and

(¢) the content of the lesson guldes develoned during
the training programme.

A general description of the training programme is found in
the main text (pp.93=95).

The initial approach to the study of learning, through
lecture and discussion, was & global S-0-R model owing much
to "randsen (1961), Mowrer (1951), Iindgren (in Bower and
Hollister, 1967), and to C.G.N.Hill (personal communication).
A number of basic distinctions were made - between psycholog-
ical and educational views of learning (cf. Komisar, 1966),
between perrformance and learning, and between stimulus and
responge as focl of attention rather than definitive entities.
The perspective provided allowed the students to consider
different theoretical orientations a&s reflecting different
levels of analysis, different emphases (i.e. on stimulus or
response or learner variables), diiferent frames of reference
(observer or participent), and different kinds of tasks and
cutcomes. Tﬁg ma jor views gurv'eyed were condition theory
(classical and operant - Skinner), imitation theory (Bandura
and Walters, 1963), cognitive theory (Ausubel, 1968; Suchman,
196&2 Bruner, 19665. Particular attention was given to
meaningful reception learning, discovery learning and rein-
forcement theory.

A teaching pearadigm was built up with the group of
students, following the study of learning, some task analysis
activities (see attached task structures), the study of the
conceptunl basis of the science lessons (sece summary of prin-
ciples attached), end consideration of abilities, attitudes
a.nz prior experienceni especially in science, of Formm I

children. The general model follows.



APPENDIX B,2: A TEACHUING PARADIGH

(a) (b) (e) (a)
Sbjectives Eredispositions condit Iearning and Consequenceg
for particular - Attention - Task varisbles - A8 process and product
children taught _ e.f+ nature of task

c Sive Motivation sequerce - Feedback - gzgéggr
- Cogni - Prior learning form (e.g. iconic) =
- Affective (cognitive analysis - Transfer
z:g;:%trg?d - Teacher functions - Ag affecting predispo-
e.z. stimilus pre- gitions for further
- Abilities, senting learning
attitudes and motivating
modes and attention Taining I
developmental guiding th ng
features (e.g. O and
hachne??n
- Conditions and inter-
sctions
e.g. rractice
reinforcement etc.
- Streteglies and tactics
e.Z. expository
guided discovery

T
Ceneral facilitating or inhibiting fectors
e.g. teacher and pupil personality factors
school and community Tactors -
sociological, environmental, financial

‘gee
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A body may be placed in several positions and still

balance. However, some positions are less secure than
others, less stable.

1.

2

e

L.

5e

6.

Be

Stability is directly proportional to the area of the
base of the body.

Stability is directly proportional to the weight of
a body.

Stability is inversely proportional to the height of
a dody. ,
Stability in 2 given direction is directly proportional
to the horizontal distance between the vertical line
throggg the centre of pgravity and a pivoting edge of
the s

Depending on the distribution of mass of an object, the
lower in space the concentration of mass (weight for
these children), the further the object must be tipped
before it loses stability.

An object is stable when its centre of gravity 1s
directly over its supporting base. The nearer to the
eentre of that base the line of gravity falle, the less
1ikely it is that the object will become unstable.

If, when an object is displaced, the line of gravity of
the object falls outside the base of support, then the
equilibrium is unstable and the object will seek a new
base until stable equilibrium is resched. :

The equilibrium of a body is said to be stable if, on
being slightly displaced, the body tends to return to
its original position. Stability dspends primsrily on
the loeastion of the centre of gravity in relation to
the supporting base, or point of support.
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APPENDIX B.h: SUMMARISFD IESSON GUIDES.

1 - RUIFS EXPLAINED AND DEMONSTRATED (R,E,)

LESSON OKNE.

C t d C .
Centre of gravity, balance point, location of centre
of gravity; attributes of stable objects, weight,
height, base area.

gml Sg;.
0 lmow and understand.

Seouence.

(a) l&ﬂ%ﬁ%ﬂ Facilitate relatability, anchorage,by
sing concept of gravity taught in preceding unit.

Gravity reviewed as force that pulls; weight as the
measure of the amount of force; direction of force
towards earth centre. Thus, can use plumb-line to
indicate vertical direction of pull. vait;r acts,
pulling on all objects. The closer to earth's centre,
the greater the pull or weight and force. Exemplify
using globe.

m) ¢ . Discuss of heavy objects, €.z

ot. Ve does not seem to be on the surface; it
pulls through the object; seems to be, as it were,
inside the object. This part where weight seems to be
concentrated, where the downward pull of gravity seems
to be working, is called the centre of gravity.

PE balance. ngt

dex fingers at 8y mo=-
ving fingers tcwarda cent:-o. Demonstrate with mlers
using different commencing positions for forefingers.
Note that the fingers always meet at 6" mark, in line
with centre of gravity. Children with rulers,
using different starting points. Expla that centre
of gravity of an object is constant. Ruler balances
at this point.

(a) with cepdboard
r uhapes plunb-line to show
mmtm lines meet on surface abm centre of
gravity. Children locating centre of ity
with cardboard shapes. and get chigm
to estimate position of centre of gravity in various
objects, @.g. mrdi book, ball, vase, stone. Estab-

lish notion of ¢ centre of gravity irrespective
of spatial orientation of objects.
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(e) Wﬂ.ﬂﬂﬂﬂﬁ Wﬁth objects
ving same base areas, similar we y but differing

height. Establish idea of low centre of gravity, 1l.e.
low squat objects are more stable than tall objects.
W with objects how larger base area contri-

es 1o stabllity, how objects with same dimensions
but differing weight are stable in proportion to the
amount of weight. Children experiment with equipment
(1.e. practise) to facilitate understanding.

() Eﬂﬁﬂ principles, attributes and concepts explained and
emonstrated. Try to estahlish set of anticipation
for next lesson.

S TVO.

C P .
alance po of objects, support point in line with
centre of gravity, both above and below object, and
with irregular as well as regular 3-D objects;
increasing stabllity of objects et rest and in bal-
ance; 1line of gravity within base, lowering centre
of gravity by widening base, increasing weight below
line of support.

(‘;gmml %ﬁi.
¢ know and understand.
Seguence

(a) Bagggi point of %Ejgggl. Demonstrate with needle,
string and cardboard cirecles, squares and irregular
shapes. how these will hang evenly and flat if sus-
pended directly above centre of gravity. Mﬁ“‘%‘"ﬁ
support from b elow, through line of gravity. App
to solid objects, and estimate balance or support
point. Fstablish principle that when balancing any
obJject, the point of support is directly above or
underneath the centre of gravity. Children pragtise
with objects.

©) Liog st apes due g .
wooden » Dieces cardboard, how objects

slightly displaced tend to return to original position.
Use plumb-line attached to block to show how, when the
line of gravity falls outside the base, the '5100& is
no longer stable, and topples. mﬁm with refer-
ence to many objects in environment, e.g. tractors on
hillgides, Tower of Pisa. Chi ?M
with own rulers, to find point at which objects

become unstable.
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(a)

239.

by ereaei g the base area e.g. ruler with plasticine,
two rulers as a step-ladder, etec,) by increasing the
weight (e.g. 2dd weight to ruler, thicker wood, steel
etc.). W principles at work in constructing
tall buildings (wide bases, lower weight centre with
deep foundations, steel girders etc.). Provide a
demonstration with ruler balanced on edge, on & needle.

weight added at ends of ruler so that it then rotates
and maintains equilibrium.

Revige principles with reference to demonstrations -

centre of gravity, line of gravity, support, attributes
of stable objects. Relate to pupils' own experiences.

WITH GUIDAKCE

Copcents and rinciples. As for Lesson One, R.E.
set. To find out, to understand.

Sgquence.

(a)

v « Ask children to feel and observe
objects (book, shot, ball chrunky stone, blocks of
wood ete.). ggz,gmggg_gjlﬁg “here is it heavy?
Any particular plece” Outside, or on the surface?
Inside? Does the weight seem to pull through the

ob;]ect and your hend in any particular place: VWhere?

‘hy might it seem to be there? What could we call
thia pomt°

ed Man carry-
% bﬂgc

mmh ri.ngem tmﬂwr. Aak them to predict where the
ﬁnms w111 meet. Try 1" and 8" marks, and repeat.

3 tjons. At what point do ym think fingers
\ "hat heppened? ¥hy did they meet there?
;‘:'here doea the weight seem to be? That name conld we ‘
give to this point? Can we make any general conclusion?
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enire of gravity. Issue equipment - stands,
plumb-lines, cardboard shapes (regular and irregular).
Ask children to try and £ind the balance point, centre
of gravity, of the shapes. Use regular shapes first,
8.2. cardboard circles.

+» Can you find the balance point,

the centre of gravity? Is it the same as the middle
point? Use regular and irreguler shapes). Does the
centre of gravity alter position if we turn the shape?
"hat can we conclude?.
4gk children to make predictions about more objects
(e.g. stones, candle, bottles, blocks of wood) and to
estimete where centre of gravity would be. Try turn-
ing objects to different positions to condider the
constancy of the centre of gravity.

(a) é3gg%533%5_%g_g;gg;g_g§%gg%§. Agk children to compare
objects (e.g. two metchboxes, one full, one empty;
two essence bottles, one empty and the other contain-
ing sand; two candles, one tall and one short; two
Cuisinaire rods, one long and the other short; two
wooden blocke with different base areas; objects
with bases of different shapes). Ask children to
estimate position of centre of gravity.

ong. Yhich 1s the harder to tip over?
‘hich 1g more stable? "hy” 'That mekes one object
more stable than another? Are objectz more stable in
sone positions than in others? '"hy
Draw conclusions from children, and summarise them on
the blackboard.

(e) ngigf. ‘“hat have we found out today? To conclude, ask
children to draw a stable vase, or an unstable build-
ing. Try to establish set of snticipation for the
next lesson.

As for Iesson 2, R.E,
General Set. To find out, to understand.

ance voint of objects. TIssue equipment (cardboard
shapes, string, needles, washers as weights)., Ask
children to suspend ghapes so that they hang evenly

and level.
uidine guest ¥here will I attach the string
g evenly? "hat do you rotice sbout
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the point from which the card is hanging? Where is
the support point in relation to the balance point
(the centre of gravity)?.

Repeat, with support point below the object. Try,
through questions to establish relationship between
line of gravity and support point. Through questions
and answere, extend t: other environmental objects
(eege Christmas decorations).

(v) ng of g.rg%;% Eng bese m%g. Refer to equipment -

ocks of w , cardboard rectangles, plumb-lines.
Agk children to dis-lace objects to differing angles,
noting position of plumb-line.
Ggg%%%g gggggiogg. What does the object 4o when it

8 ed only slightly? More? Considersbly? 'hen
does the object become unstable? “What happens to the
line of gravity? "hat can we say about stable objects”

(e) I i bility b r tre a .
Issue e pmen ottle conta ng cork w a needle
insert point upwards, washers, fine wire, rulers for
those who forgot their own). Ask children to try to
balance the ruler on its edge, on needle point.
%g;gggg_ggggg%ggg. "hat heppens when we try to balance

he ruler on 1ts edge on the point of the needle” How

could we meke it balance? 'What do the washers do”
What happens to the centre of gravity of the ruler?
""here 1s the 1line of gravity? In what other ways can
we make objects more stable?

(a) Review principles derived, by class discussion. Cuestlons

and answers with teacher, hints, but no 'telling’.
Agk for environmental examples based on children's own

experience.



SIMPLIFIED TASK STRUCTURE (EXPERIMENTAL LESSONS)

STABILITY OF OBJECTS
depends upon

DIMENSIONS OF OBJECTS CENTRE OF QGRAVITY POSITION OF SUPPORT
Relative Relative Relative Relative Relative
amount of: position in object to object to base "|to line of
\\\ \\ ravit |
. High|+ Low '//V \\
Weight Height Base Within| |Beyond

Regular Irregular

, v ‘ W
| Highl Low \\ // Above | | Below l ;:2;” Beyond

‘ / bage
Flat -r——{Solid

Light| | Heavy Area Shape




FORCFE

| | | L 1
ENERGY BODIES ACTS GRAVITY FRICTICN
Mass Inertia As push/pull Pulling Cpposing
in a direc- force - force
Potential tion to weight Depends on
due to iddha Direction mass
position Quantity Tendency inertia ;
of matter to resist to sarih surfaces
Kinetic- : Balanced- centre
motion Constant RGvanm unbalanced Force To
or change Related to overcome
Forms and Propor- of direc- Parallel- distance
change tional to tion opposed & velocity
of forms weight Psves &
overcome
Results in
WORK . I
I : Movement
Machines Change of sghape STABILITY AND
Levers : No reaction BALANCE OF BODIES
Wheel Opposite reaction
Inclined plane

(Control group lessons) (Experimental lessons)

"ete
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APPENDIX C: THE GFNERAL MODRLS OF THE ANALYSES
OF VARIANCE AFD OF COVARIANCE

C.1 Analysis of Variance: Ceneral model for a seven-way
experiment. one factor being nested and doubly-
crosged.,.

Ce2 sample erntries from a components analysis for a

seven-way experiment, one factor being nested
anéd doubly-crossed,

Co3 Analysis of Covariance: Cenerasl model for a four-
factor covariance design.

<
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APPENDIX C. 1: ANALYSIS OF VARIANCE: GENERAL MODEL

The model for a seven-way experiment containing a double
crossing of a nested factor may be written as:

xijk1rst -

where

X{ jklrst

(AB),

M+ Ai + Bj + Ck + D1 e Er e F‘

+ (AB)iJ + (AC)ik ‘f. ™ ™ . . (EF)r!
Sum of fifteen terms

s

+ (ABC)idk + (ABI))“1 +

Sum of twenty terms

o o (DEF)er

+ (Macn)i:|k1 + (ABCE)ukr 4+ ¢+ + « o (CDEF) 2, T
Sum of fifteen terms

+ (ABanﬂidklr + (*Bcnr)ijkls + ovee (BCDSF)Jklr'
Sum of six terms

+ (ABCDEF)ijklra s Pijklt

+ (PE)ijklrt + (1>1?)i.1klst + (P“)ukmi

is the score of person (t) in level (i) of factor
A, level (j) of factor B, level (k) of facter C,
level (1) of factor D, level (r) of factor E and
level (8) in factor F,

is a component to all the scores;

is a component common to all ecores in level (%)
of factor Aj;

is a component to all scores in level (j) of
factor Bj

L . . L] L] . L] L]

is a component resulting from the interaction of
level (1) of factor A and level (j) of factor B;

L] L L] L L] . L L]



Appendix C.1: (Continued)

(ABC). is a component resulting from the interaction of
ijk level (i) of factor A, level (j) of factor B and
level (k) of factor Cg

common '
Pijklt is a componentato all the scores of pupil (t) in
level (i) of factor A, level (j) of factor B,
level (k) of factor C and level (1) of factor D;
L ] L ] [ ] L] L ] Ll L] L]
PE) is a component resulting from the interaction

ijklrt between pupil (t) (in level (i) of factor A, level
(J) of factor B, level (k) of factor C and level
(1) of factor D), and level (r) of factor E;

. L] L] . L L] L] .

and -

(PEF) (the residual term) is a component resulting from
ijklrst the interaction between pupil (t) (again in level
(1) of factor A, level (J) of factor B, level (k)
of factor C and level (1) of factor D) and level
(r) of factor E andlevel (s) of factor F.

Generally, (i) runs from 1 to a, (j) from 1 to b, (k) from 1 to
¢, (1) from 1 to D, (r) from 1 to ¢, (s) from 1 to £, and with
an equal number of scores (n) in each cell , (t) runs from 1 to
n, The sixty-eight contributions to the score 1jk1r ¢ are all
independent of each other, and the As, Bs, Cs . .°." . (PEF)s
are regarded as being drawn from nor-ally distributed populatiogu
with means of zero and variances of O 2 ALY 0'2B o2
respectively,

The model, described above, was developed from a study of
Winer (1962) and Lewis (1968). The notation employed follows
that used by Lewis.



APPENDIX C 2: SAMPLE ENTRIES FROM A COMPONENTS ANALYSIS FOR A SEVEN-WAY

EXPERIMENT, ONE FACTOR BEING NESTED AND DOUBLY CROSSED

* & © o ¢ @

erision | fresdor =
A a-1 T $&r. ABCD
B b-1 T 2 Er. ABCD
c c-1 O “ ey, anco
D d-1 o zpsr.nncn
E o=1 O our.anas
r £-1 g 2PEF.ABCD
AB (a=1)(b=1) o 2psr.ancn
AC (a=1)(e=1) o apzr.nncn
DE (d=1)(e=1) g 2pr.r. ABCD
DF (d=1)(£=1) o 2pnr.nncn
EF (e=1)(£-1) o 2pnr. ABCD
ACE (a=1) (0=1) (e=1) 2 S

Square

+

Expectation

2
ef0" o aBCD

of0'2

2
ef0 " o ABCD

ofd'zp

2
PE, ABCD

4+ABCD
£c

2
*0 “pp.ABCD

2
ef0 " p ABCD

2
°f0 "5 ABCD

2
PE.ABCD
2
PF.ABCD
2
P.ABCD

o
e

efC

2

20" " pg. ABCD

P.ABCD

pbedefO 2 A

pacdef(d aB
pabdef( Zc

pabcefQ &

D
pabcdf0 ZE
pabcde(d 2!,
pcdofczAB

2
pbdefC AC

2
pabefC DE

2
pabcel DF

2
pabedd EF

2
pbdf0 ACE

|
—
|
|
]
!

|
|

!
|
+

1
Appropriate|
Error Term |

P

P

PE

PF

PE |
PF

PEF

PE

.Lz{?e



Appendix C. 2: (Continued)

Dogrool_Bf

Source of [ e ——— et e
' Virdation ! Yreedon ! Mean Square , Expectation Appropriate
— ' U T P ' Error Term
| | 2 2 2 ' ]
. ABEF - (a=1)(b=1) *** (£-1) | O +  ef¥ + pedo PEF
i Sindust ot & terss | PEF.ABCD P,ABCD ABEF
" ) 2 2 '
ABCDEF (a=1)(b=1) ¢+ (£-1) | O + of0 + 0 ! PEF
i M | Bevt of 6 terss | PEF.ABCD P.ABCD ABCDEF
1 1
' 2 2 ,
| P '1t§1n ABCD | abed (p-1) | O “pEF.ABCD + ef0 "y ABcD : PEF
2 - '
PE abed (p-1)(e-1) o + 1202 .| pER |
within ABCD PEF.ABCD PE.ABCD . |
2 2 : .
PF abed (p=1)(£-1) N ; + o0 | PEF |
: ‘ 2 : |
PEF | abed (p=1)(e=1)(f=1) | O
within ABCD| FER-ABCD |
et % |
R e Y T R R L NS =1 e 3 = el e Sp— o i e ek =7 |

1. These are written for a levels of A, b levels of B, ¢ levels of C, d.- levels of D, e levels of E,
£ levels of F and p levels of P within each of the abcd cross classifications of A,B,C,D.

€5 A,B,C,D,E,F are taken to be fixed effects, and P a random effect. The choice of notation follows
a recommendation in Lewis (1968) for mixed models.

3e An appropriate error term to evaluate a source of variation is given by the mean square, estimating
all but the last component in the mean square expectation for the source of variation (Lewis, 1968).
This last component in the mean square expectation is the component involving the specific effect

being tested.

(& 7 77
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APPENDIX Co 3: ANALYSIS OF COVARIANCE: GENERAL MODEL

Assuming an A x B x C x D factorial experiment having (n)
observations in each cell, the model for a four factor covariance
design may be written as:

x M+ A + (AB)

¥ g1t g ¥R

+ C_ +D

| i Jd + (AC)yy + (MDY,

1]

+ (BD) + (cD) + (ABC) + (ABD)

+ (BC) i K1 13k 141

ik

+ (ACD) + (BCD)

ikl + (ABCD)”kl + Rx

i1 ijk1t

* %K1t
where
is the score of person (t) in level (i) of factor A,

level (j) of factor B, level (k) of factor C, and
level (1) of factor D on the dependent measure;

T k1t

M ie a component common to all the scores from the
dependent measurej

is a component common to all the dependent measure
scores in level (i) of factor Aj;

B is a component common to all the dependent measure

scores in level(j) of factor Bj

(AB)ij is a component resulting from the interaction of
level (i) of factor A and level (j) of factor Bj;

(ABCD) is a component resulting from the interaction of
level (i) of factor A, level (j) of factor B, level
(k) of factor C and level (1) of factor Dj

ikl

R is the regression of the covariate on the dependent
measure, and is common to all the groups;

xiiklt is the score on the covariate of person (t) in level
(i) of factor A, level (j) of factor B, level (k)
of factor C and level (1) of factor D, this score
being expressed as a deviation from the overall mean
score of the covariate;

and
4 K1t is a component specific to person (t) in level (i) of

factor A, level (j) of factor B, level (k) of factor
C and level (1) of factor D.
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Appendix C., 3: (Continued)

Generally, (i) runs from 1 to a, (j) from 1 to b, (k) from 1 to ¢,
(1) from 1 to d, and with an equal number of scores (m) in each
cell, t runs from 1 to n. The eighteen contributions to the score
Yijklt are all independent of each other, and eijklt is such

that for any given (ijkl) entry it can be regarded as drawn from

a normally distributed population with means of zero and a
variance of O 2,

The model described above, was developed from a study of
Winer (1962) and Lewis (1968). The notation employed follows that

used by Lewis,.
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ESUITS FROM

VARTOUS ANATYSES

The main snalysis of variance model: partitioning
pattern and degrees of freedonm.

Table
Table
Table
Table
Table
Table
Table
Table
Table

Table

Teble

A
B,
D.

E.

Y e

G
H.
I.

g

K.

The main
Analysis
Analysis
Analysis
Analysis
Analysis
Analysis
Analysis

rtnalysis

analysis of variance.

of covariance, Teat TA.
of covariance, Test IIA.
of covariance, Test IB,
of covariance, Test IIB.
of variance, Test IA.

of variance, Test IIA,
of variance, Test IB.

of variance, Test IIB, -

Means and adjusted means for selected
factors.

Treatment means and other data.



THE MAIN ANALYSIS OF VARIANCE MODEL
(Partitioning pattern and degrees of freedom)

TOTAL VAKIATESN

BETWEFEN CELLS WITHIN CELLS
Main FEffects: A By C. Da T P
d.T. 1 1 . 1 1 1 D -DBetween pupils
Terms. 6 within AxBxCxD
d.. f. %
Interactions: Terms 1
Ftr“ omr Axl:; L B B B B B B B B B B B L::xF
alde 20 PIE - Pup‘lls x Objecti“’
Terms. 15 within AxBxCxD
" d. f. %
Second (f)t:der é\oxﬂx( sehmeans e DEEXF Termié: 1
Terms. 2 PxF -Pupils x occasions
Third Order AXBXCXD eeesees CxDxbExF within AxBxCxD
- - 25 d. f. %
Terms. 15 Terms 1
Fourth Order ﬁxBxL.xDx}i «e BxCxDxExF PxExF - Re .'.;1 Fual vrtittin
t within AxBxCxD
Terms. 6 a.f. %
Fifth Order AxBxCxuxbx s Terms 1
- - 2
Terms. 1 g Total d.f. 479

*2se



TABLE A. MAIN ANALYSIS OF VARIANCE
Source Sum of Squares d.f. Mean Square Frror Term F - Ratio - Value
A 1.875 1 1.875 g 9.135 1.00
B 140.833 1 140.833 v 9.135 15.41 .001
C 23.829 2 11.914 P 9.135 1.30
D 22.533 1 22.533 p 9.135 2.47 .20
E 0.133 1 0.133 PxE  2.458 1.00
F 0.208 1 0.208 PxF  2.223 1.00
AxB 10.800 1 10.800 p 9.135 1.18
AxC 12,838 2 6.419 P 9.135 1.00
AxD 19.200 1 19.200 P 9.135 2.10
AxE 4.800 1 4..800 PxE  2.458 1.95
AxF 0.209 1 0.209 PxF  2.223 1.00
BxC 12.280 2 6.140 P 9.135 1.00
BxD 9.076 1 9.076 P 9.135 1.00
BxE 16.876 1 16.876 PxE  2.458 6.87 .025
BxF 4.034 1 4.034 PxF  2.223 1.81
CxD 27.155 2 13.578 P 9.135 1.49
CxE 2.255 2 1.122 Pxt: 2,458 1.00
CxF 1.755 2 0.878 PxF  2.223 1.00
DxE 1.409 1 1.409 PxE 2,458 1.00

14



TABLE A, M/AIN ANALYSIS OF VARIANCY (Continued)

Source Sum of Squares d.f. Mean Square Lrror Term F - Ratio P . Value ;
DxF 9.634 1 9.634 PxF 2,223 4.33 .05
ExF 0.534 1 0.534 PxExF 1.671 1.00
AxBxC 1.288 2 0.644 P 9.135 1.00
AxBxD 1.408 1 1.408 P 9.135 1.00
AxCxD 2.112 2 1.056 F 9.135 1.00 ’
BxCxD 16.588 2 8.294 5 9.135 1.00
AxBxE 0.208 1 0.208 PxE  2.458 1.00
AxCxE 16.462 2 8.231 PxE 2.458 3.35 .05
BxCxE 4.588 2 2.294 PxEC  2.458 1.00
AXDxE 0.075 1 0.075 PxE 2,458 1.00
BxDxE 0.533 i 0.533 PxU  2.458 1.00
CxDxE 2.279 2 1.140 PxL  2.458 1.00
ABF 2.700 1 2.700 PxF 2.223 1.21
ACF 1.079 2 0.540 PxF 2.223 1.00
BCF 2.004 2 1.002 PxF 2.223 1.00
ADF 0.133 1 0.133 PxF 2.223 1.00
BDF 0.075 1 0.075 PxF  2.223 1.00
CDF 1.379 2 0.690 PxF 2.223 1.00

*hse



TABLE A. MAIN ANALYSIS OF VARIANCE  (Continued)
Source Sum of Squares d.f. Mean Square Crror Term F - Ratio P - Value
AEF 0.033 | 0.033 PxExF 1.671 1.00
BEF 0.008 1 0.008 ExF 1.671 1.00
CEF 0.129 2 0.064 PxExF 1.671 1.00
DEF 1.875 1 1.875 PxExF 1.671 1.2
ABCD 1.979 2 0.990 P 9.135 1.00
ABCE 2.329 2 1.164 PxE  2.458 1.00
ABDE 7.500 1 7.500 PxE  2.458 3.05 .10
ACDE 3.238 2 1.619 PxE  2.458 1.00
BCDE 6.926 2 3.463 PxE  2.458 1.41
ABCF 1.462 2 0.731 PxF  2.223 1.00
ABDF 0.075 1 0.075 PxF  2.223 1.00
ACDF 0.954 2 0.477 PxF  2.223 1.00
BCDF 4.512 2 2.256 PxF  2.223 1.01
ABEF 7.008 1 7.008 PxExF 1.671 4.19 .05
ACEF 5.954 . 2.977 PxExF 1.671 1.78 .20
BCEF 1.129 2 0.564 PxExF 1.671 1.00
ADEF 0.008 1 0.008 PxExF 1.671 1.00
BDEF 0.033 1 0.033 PxExF 1.671 1.00
CDEF 5.488 2 2.744 PxExF 1.671 1.64
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TABLE A, MAIN ANALYSIS OF VARIANCE (Continued)

Source Sum of Squares d.f. Mean Square Error Term F - Ratio P - Value

ABCDE 0.388 2 0.194 Pxt  2.458 1.00
ABCDF 0.388 2 0.194 PxF 2.223 1.00
ABCEF 1.954 2 0.977 PxExF 1.671 1.00
ABDEF 2.700 1 2.700 PxExF 1.671 1.62
ACDEF 1.029 2 0.514 PxExF 1.671 1.00
BCDEF 0.104 2 0.052 PxExF 1.671 1.00
ABCDEF 9.612 2 4.806 PxExF 1.671 2.88 .10
s (P)
wi ABCD  877.000 96 9.135 PxExF 1.671 5.47 .001
PxE(within
ABCD) 236.000 96 2.458 PxExF 1.671 1.47 .05
PxF(within
ABCD) 213.400 96 2.223 PxExF 1.671 1.33 .10
Residual(PEF)
within ABCD  160.400 96 1.671
Total 4£41.992 479
Summary
N Trml ares 1928.792 479
of squares .
2. between
cells s.s. 441.992 95
3. Within
cells s.s. 1486.800 334

*95¢2



TABLE B. ANALYSIS OF COVARIANCT. TEST IA. (OBJECTIVE: Understanding
OCCASION: One)
Source Sum of Squares d. 2, Mean Square F - FRatio P - Value
A, Teachers 1.453 1 1.453 1.00
B. Methods 55.318 i 55.318 19.46 .001
C. Cognitive
Style 1.956 2 0.978 1.00
D. Sex 18.007 1 18.007 6.34 .025
A.B. 0.994 1 0.994 1.00
A.C. 15.430 2 71:71% 271 .10
A.D, 2.770 1 2.770 1.00
B.C. 12,461 2 6.230 2.19 .20
B.D. 0.000 1 0.000 1.00
C.D, 8.543 2 4.271 1.50
A.B.C. 2.077 2 1.038 1.00
A.B.D, 1.229 1 1.229 1.00
A.C.D. 0.872 2 0.436 1.00
B.C.D. 3. 327 2 1.664 1.00
A.B.C.D, 2.236 2 1.118 1.00
Error 270.030 95 2.842
Total 118

XIANEddY
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TABLE C, ANALYSIS OF COVARIANCE. TEST IIA. (OBJECTIVE: Application
OCCASION: One)

Source Sum of Squares d.f. Mean Square F - Ratio P - Value
A. Teachers 16.165 i 16.165 6.96 .01
B. Methods 7.964 1 7.964 3.43 .10
C. Cognitive 5.805 2 2.902 1.25

Style
D. Sex 52.923 1 52.923 22.78 .001
A.B. 2.173 1 0 1.00
Al 7.483 - 3.742 1.61
A.D, 1.916 1 1.916 1.00
B,C. 4,244 2 2:.122 1.00
B.D. 0.026 1 0.026 1.00
€.D; 1.482 2 0.741 1.00
A.B.C. 2.067 2 1.034 1.00
A+.BuD, 0.048 1 1.048 1.00
A G D, 1.880 2z 0.940 1.00
B.C.D. 3.872 2 1.936 1.00
A.B.C.D. 4.136 2 2.068 1.00
Error 220.647 95 2,323
Total 118

tegz



TABLE D, ANALYSIS OF COVARIANCE, TEST 1B. (CBJECTIVE: Understanding
OCCASION: Two )
Source Sum of Squares d.f. I ean Square F - FRatio P - Value
A, Teacher 1.599 1 1.599 1.00
B. Methods 25.379 1 25.379 9.56 .01
C. Cognitive 2.032 2 1.016 1.00
Style
D. Sex 8.387 1 8.387 3.16 .10
A.B., 0.043 1 0.043 1.00
AL, 6.379 2 3.190 1.20
A.D., 4.186 3 4.186 1.58
B-C. 9’2% 2 4-648 1-75 .20
B.D, 1.008 1 1.008 1.00
By 5 2.730 2 1.365 1.00
AB.C. 1,511 2 0.756 1.00
AcBaD- 7-09& 1 70@4 2-67 .20
AJL.D, 0.655 2 0.328 1.00
B.C. D, 1.827 2 0.914 1.00
A.B.C.D. 6.691 2 3. 346 1.26
Error 252.162 95 2.654
Total 1138
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TABLE E. ANALYSIS OF COVARIANCE, TEST IIB. (OBJECTIVE: Application
OCCASION: Two )

Source Sum of Squares d.f. Mean Square F - FRatio P - Value
A. Teachers 9.851 1 9.851 3.110 .10
B. Nletbd’ 20378 1 2-378 l.m
C. Cognitive 6.009 2 3.004 1.00

Style

D. Sex 6.753 1 6.753 2.132 .20
A.B. 8.697 1 8.697 2.75 .20
AsCs 1.617 2 0.808 1.00
A.D, 2.927 1 2.927 1.00
B.C. 5.139 2 2.570 1.00
B.D. 0.070 1 0.070 1.00
C.D. 3.591 2 1.796 1.00
A.B.C. 1.415 2 0.708 1.00
A.B.D, 3.032 1 3.032 1.00
ACD, 7.464 2 3.732 1.18
B.C.D. 11.340 2 5.670 1.80
A.B.C,D. 3.198 2 1.599 1.00
Error 300.980 95 3.168
Total 118

0093



TABLE F, ANALYSIS OF VAFIANCE., TEST1A. (OBJECTIVE: Understanding
OCCASICN: One)
Source Sum of Squares d.f. Mean Square F - Fatio P - Value
A. Teachers 0.075 1 0.075 1.00
B. Methods 81.675 1 81.675 22.43 .001
C. Cognitive 4.067 2 2.034 1.00
Style
D. Sex 7.067 1 7.067 1.90 .20
A.B. 3.675 1 3.675 1.01
A.C, 18.200 2 9.100 2.50 .10
A.D, 4.350 1 4.350 1.19
B.C. 6.200 2 3.100 1.00
B.D. 1.817 1 1.817 1.00
C.D. 14.408 2 7.204 1.91 .20
A.B.C- 2.@ 2 lim l.m
A.B.D. 0.066 1 0.066 1.00
A.C.D, 2.525 2 1.262 1.00
B.C.D. 1.858 2 0.929 1.00
A.B.C,D. 4.809 2 2.404 1.00
Error 349.600 96 3.642
Total 119

7
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TABLE G, ANALYSIS OF VARIANCE, TESTIIA (OBJECTIVE: Application
OCCASION: One)
Source Sum of Squares d.f. Mean Square F - Eatio P - Value
A. Teachers 4.403 1 4. 408 1.18
B. Methods 23.4038 1 23.408 6.25 .025
C. Cognitive 9.517 2 4.758 Y.27
Style
D. Sex 27.075 1 27.075 7423 .01
A.B. 0.076 1 0.076 1.00
A.C. 6.117 2 3.058 1.00
A.D, 3.725 1 3.725 1.00
B.C. 3.317 2 1.658 1.00
B.D. 3.675 1 3.675 1.00
C.D. 8.750 2 4.375 1.17
A.B.C. 2.449 2 1.224 1.00
A.B.D. 0.958 1 0.958 1.00
A.C.D, 0.100 2 0.050 1.00
B.C.D. 6.450 2 3.225 1.00
A.B.C.D. 0-%7 2 0.1& llm
Error 359.608 96 3.746
Total 119

iV
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TABLE H. ANALYSIS OF VAERIANCE, TEST IB. (OBJECTIVIE: Understanding
OCCASION: Two)

Source Sum of Squares d.f. Mean Square F - FRatio P - Value
A, Teachers 0. 300 1 0.300 1.00
B. Methods 438.133 1 45,133 12.45 .01
C. Cognitive 4.317 2 2.158 1.00

Style

D. Sex 0.833 1 0.833 1.00
A.B. 0.334 1 0.334 1.00
Ky Ca 9.150 2 4.575 1.13
A.D. 6.534 1 6.534 1.69 .20
B.C. 5.617 2 2.808 1.00
B.D. 0.834 1 0.834 1.00
CsDs 10.617 2 5.308 1.37
A:D.0, 1.116 2 0.558 1.00
A.B.D. 2:132 1 2.132 1.00
A.C.D. 2.116 2 1.058 1.00
B.C.D, 3.516 2 1.758 1.00
AsBJCD. 2.218 2 1.109 1.00
Error 371.200 9% 3.867
Total 119
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TABLE 1. ANALYSIS OF VARIANCE. TEST 11B. (OCBJECTIVE: Application
OCCASION: Two )

Source Sum of Squares d.f. Mean Square F - Ratio P - Value
A. Teachers 2.133 1 2.133 1.00
B. Methods 8.533 1 8.533 2.02 .20
C. Cognitive 10.067 2 5.034 1.19

Style

D. Sex 0.533 1 0.533 1.00
A.B. 16.134 X 16.134 3.81 .10
A.C. 2.867 v 1.434 1.00
A.Dp 4-&)1 1 4c&)1 1-13
B.C. 4.867 2 2.434 1.00
B.D. 3.333 1 3.333 1.00
C.D. 2,467 2 1.234 1.00
A.B.C. 1.000 2 0.500 1.00
A.B.D. 8.533 1 8.533 2.02 .20
A.C.D, 2.599 2 1. 300 1.00
B.C.D. 16.467 2 3.234 1.95
A.B.C.Dl 41733 2 2-%6 lom
Error 406,400 96 4.233
Total 119

01]93



TABLE J. MEANS AND ADJUSTED MEANS FOR SELECTED FACTORS
Design Dependent Tacher Unad;justed Means Adjusted Means
Source Variable R.E. R.D. Total R.E., R.D. Total
PR Test 1A Treatments | 6.17 4.52 | 5.34 f 6.03 4.65 5.34
of Test 11A Treatments | 5.68 4.80 5.24 || 5.50 4.98 5.24
T— Test 1B Treatments | 5.87 4.60 5.23 5.70 4.77 5.23
Test IIB Treatments | 5.53 5.00 5. 27 5.38 5.16 5.27
Boys Girls Total Boys Girls Total
Anilinte Test 1A Sex 5.58 5.10 5.34 5.64 5.05 5. 34
of Test 1IA Sex 5.72 4.77 5.24 5.92 4.57 5.24
Covavinne Test IB Sex 5.32 5.15 5.23 5. 50 4.96 5.23
Tc’t HB Sex 50 33 l 5-20 50 27 5- 51 5002 5- 27
Level 1 Level 11 Level III
Main ke t :eachers :g.'l& z.ig -
Siade - srelatme:us .56 .24 ; o
e o sv - 2.49 g.os .
ml ex ® L] -
R i Objectives 5.29 5.25 s
Occasions 5.29 5.25
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TABLF X. TREATMENT MEANS AND OTHER DATA
Statistic | TestlA | TestllA Test IB Test 1IB
| |
R.F. Mean | 6.166 |  5.683 5,366 5.533
R.D. M ean | 4.516 4. 300 4.600 5.000
Difference 1.650 333 | 1.266 .533
BeBay | .59 .589 .587 .605
Total Mean o 5.341 . 5.242 5233 5. 266
Total S.D. | 2.05 | 1.966 1.986 2.040
Faw Score ! - [ -
Ao I | 10.50 12.381 11.38
N 120 | 120 120 120
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The Matrices show the percentages in each category for
cach teacher within each treatment, together with the

major teaching moves for each teacher in each treatment.
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WORK MATR!X
TEACHER ONE: TREATUENT R.F¥.
T —
11213[4(5({6(7|8]9]10
1 4
2 1 8 9 8 2 5 1
3 1 b 5 2 1 1 1 2
4 81 5 (10| Ha9)l19]| 7
9 @'287 2.1 5 1 20
j ARk Vs
IR E<E ]
g @L Al e B O 1
9 Lol S O 3 - E
101 ¢ 9122 | 2 | 3 57- ey
rora| 2 |33 [17 |61 P33y (20 | 9 |19 67. 9% | 658 |
% | 0-03 5.6 2.61 9.36{53 4| 3.06 1.38) 2.91 0.21.72




WORK MATRIX

TEACHER TWO: TREATMENT R.E.

269.

13.37

t]2alaf5]6] 7]8]a]t0]

l 2 b 9
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‘mm. sas Fys bas lmr tikilvo ks Luod 57 |so
% | 0.60|2.99|2.39}10.98{63.27] 0.80] 0.0 | 3.59|2.00




WORK MATR!X

TEACHER ONE: TREATMENT R.D.

270.

i 2 =
1213 415]/6]7(8[9]10
] 2 7 n
2| > 21 6 @_x 5 L 71 31 &
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WORK MATRIX

TEACHER TWO: TREATMENT R.D.

2M.
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