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ABSTRACT

The existence of the construct of cognitive style
has been well documented in the literature. Its orien-
tation and distribution among subjects of different
cultural settings have been the focus of most published
reports. The efforts at classification however have
limited educational value unless they can be employed to
improve the teaching - learning processes.

The purposes of the present study were to re-confirm
the distribution of cognitive style among a General class
chemistry students (of GQE A Level equivalents), validate
another self-designed instrument (the DIT) which may be
used to assess the distribution of subjects on the four
dimensional model proposed by Heath, identify the teachers
perception of their students cognitive styles so as to
draw inferences on the possible influence of the teachers
perception of students cognitive styles on the students
owm cognitive styles, and finally determine the effective-
ness of an attempt to shift students cognitive styles
through teaching.

A total of three hypotheses on the distribution of
cognitive styles among subjects, the effect of teachers
perception of students cognitive styles on students own
cognitive styles, and the effectiveness of the experimen-

tal treatment were tested.
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In the experimental part of the study, the Solomon
4-way (Pre-and Post-test Control Group) design was
employed, with a total of 69 students and 3 chemistry
teachers. The non-parametric statistics of X? and
Mann-Whitney U-tests were used for the analyses.

The results showed that :

1. The College of Agriculture students have a comp-
arable pattern of cognitive styles with their
PBJFABU counterparts, showing a greater preference
for recall style than any other style. The relative
proportions of the distributions however differed
with the College of Agriculture students exhibi-
ting greater proportion of Application and Question-
ing styles than BSABU students,

2. Teachers can influence their students cognitive
styles, for the students cognitive styles tend
to correlate significantly with the teachers
perception of their students cognitive styles.

3. It is possible to shift students cognitive styles
from predominantly recall to a more even distri-
bution of cognitive style on the 4 - mode model of
Heath using an instructional strategy that emphasizes
guestioning.

4. Between the criterion measures, the Heaths model
proved to be more consistent than the D..I.T, in
demonstrating a shift in cognitive style from Recall

to Questioning.
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ABBREVIATIONS AND DEFINITIONS

In the course of this study, some words have been
abbreviated because of thelr frequent use, and some
termns have been used in special ways. The abbreviated

words and specially defined terms are listed below:-

ABEREVI ATIONS

A.E.U., Ahmadu Bello University, Zaria, Nigeria.

B5.A.T. Biology Achievement Test

B.C.P.T. Biology Cognitive Prefevence Inventory.

R.C.P.T. Riology Cognitive Preference Test,

C.B.A. Chemical Bond Approach

C.E.S5.A.C, Comparative Education Study and Adapta--
tion Centre.

C.P.E.~IX Cognitive Preference Examination II

C.P.E.C, Cognitive Preference Examination Chemistry.

c.P.T. Cognitive Preference Test.

C.C.P.T. Combined Cognitive Preference Test

C.5. Cognitive Styles

D.I.7T. Defining Issue Test

E.S.3. Educational Set Scale

H.5.C. High 3chool Certificate

N.3.8.5.P. Nigerisn Secondary S3chools Science Project,

0.C.S.T, Ogunsola Cognitive Style Test |

R.F. fQ.A. Heath's Conception/Model of Cognitive

Preference (Recall, Princinles, Question-

ing and Anplication).
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P.C.D.E, Post Graduate Diplona in Education
.,"1'}

3.B.3. School of Basic Studies

S.CLALT, School and College Ability Test.

S.T AN, 3elence Teachers Association of Nigeria.
3.P.0.7.8. Students Percention of Teachers Stvles,
W.A.3.C, West African School Certificate.
N.E.T.C. National Educational Technology Centre.

DEFINITION CF KEY TERMS:

1. Cognitivse 3tyles.
This has been defined as individual variation

in modes of perceiving, remembering and thinking,

]
=3
m
L]

distinctive ways of anprehending,storing,

transformine and utilizing information (Xogan, 1971).

2. Cognitive Prefercnce:

This is the internal unseen mode of an indivi-
dual that leads to exhibiting the cognitive style
which can he seen externally, i.ec. it is the under-
lying internal factor in the exhibition of a

cognitive style,

3, Direct bservational >tudies:
These are studies involving the observations
of classrooms in which the obsarver(s) or his

substitubte must be phvsically present.



indirect Observaﬁi&ﬁal Stddiégi
These are studies which rely on ﬁhé imaginatibhs'
and perceptions of tcachers who, in this case, are
the Yobservers”™ of their ownisﬁudents:“ o N
CE3SAC- The Comparative Educatiocn Study and'Adaptétion
Centre, was established as part of a centralized
national effort to evolve a more suitable system
of education that is continually adapted and respon-
sive to the nation's economic and social aspiration,
Matching Model:

This is the practical application of cognitive
styles whereby students are placed together and in
the same class with a teacher whose cognitive styles
are the same or are closely associated with each
other. |
Educational Set:

This term has been used synonymously with
cognitive style (Siegeland Siegel, 1965). It
describes the consistent manner in which students ... ..
respond to schol8;tic materials which determines
the kind of academic material with which he prefers
to deal. Three such sets have been identified in
the literature, namely: the factual, neutral and
conceptual set. The factual set learner is predis. -

nosed to lsarn factual contents. This person is .-

described as one who recalls, in the Heath's model,

XWIL



The conceptual learns: rojects factual acquisiticn
and prefers to learn conccpts and principles. This
orientation is akin to application, principles and
questioning of Heath's model. The neutral set

learner is in between.

Learning Strategies:
Mozt British authors prefer to use learning

stratecies instead of cornitive style, Theyv identi

fied two broad classes:; the Holists, who use the
zlobal approach and the 2 >rislists who use a
locslizzed approach concentrating more on procedurss.
The serialist may be compared with the learner whose
cognitive style is predominantly princinle or

application in the Heath's modal.

ZVITT



CHAPTER ONE

THE PROBLEM

1.1 Introduction

The present study is an outgrowth of a previous
study on cognitive styles of chemistry students in 3.B.S./
A.B.U., Zaria (Ogunsola, 1981). In that study it was found
that students had a greater preference for recall than
principles, application and gquestioning. Heath (1964)
postulated a H-mode model of cognitive styles: memorisation
and recall (R}, learning the underlying principle (P), ~
learning the application (A) and fitting the information,
like the jlgsaw puzzle into an existing mental schema
(structure) through critical guestioning (Q).

Heath's approach marked an inportant step in the field
of cognitive style research, for he demonstrated a method
of measuring cognitive preferences within the same context
as that fo which the measurement is to be applied. Using
a sample of classes following the Physical Science Study
Committee (PSSC) curriculum ahd & sample of those following
conventional curriculum, Heath demonstrated differences
between them in terms of cognitive preference, thus inspip-
ing several other researchers by his work.

On the stability of cognitive styies Witken gg al
(1967 ) expressed the view that cognitive styles are
comparatively stable overtime and to a large degree indepen-

dent of the nature of the information presented to the learner.



2.

This view has been criticised by Glaser (1970), who afgued
that it is the teacher who direccts and disciplines students
thought preocesses and so influences their cognitive styles.

Several rescarchers have carried out works which tend
to agree or refute the stability of cognitive styles.

Among them is Siegei and Siegel (19265a) who hoth dealg

with the consistent manner in which students respond to
scholastic material. They defincd this manner as "the
learner’s se¢t (which) determines the kind of academic material
with which he prefers to dezl®, By using an Educational 3et
Scale (ES3), they were able to differentiate between fact=-
oriented and concept-oriented students. The scale itself

is a forced-choice instrument with thirty-one triads, each
containing one factual set, one neutral and one conceptually
set components. Students were asked to assume that they

had to attend a class in a particular subject and indicate
which of the triad of topics presented would interest them
most and then the least, by ranking the triads of topics
from 1 to 3,

The ESS was shown to be a highly reliable and valig
instrument and clearly differentiated students in beginning
and upper levels of their procrammes Its content covered
areas of scholastic content, though its authors made no
attempt to examine similarities or differences based on
content. However, Williams (1975) argued that since this
instrument focused on only one bipolar dimension of cognit-
ive style, it would leave out other aspects of cognitive

behaviors.



Siegel and Siegel (1965b) further postulated a broad
kind of set with impiications for teaching and isarning an
educational set. This set is presumed to datermine the
gpecific kind of content the learner tends %o extranolste
from his educational experiences. An educationzl set is a
continuum defined at the poles by predispositicn to learn
factual content on the one hand and conceptual content on
the other. Most persons are educationally set somewhere
near the middle of this conftinuum. According to them, =
- factually set learner is one who, by definiZtion is pre-
disposed to learn factual contents. He zdds units of
information to his eognitive structure withcut being driven
to interrelate these elements into any contextusl wholoe.

For such a learner, a faet has an integrity of i*s own.

A conceptually set learner is one who, by definition,
rejects factual acquisition except as units o0 informacion
are clustered and interrelated. He prefers t2 lenrn
concepts and principles. When confronted by o bit of
factual information, he either dismisses it as “unimportant™
or subsumes it in a broader conceptual framework,

The educational s¢t as measured by ES3S probably reflscos
the learner's cognitive style rather than 3 more narrow per-
ceptual process. A student placement on factual eonceptunl
set continuum is a "given™ with which he snters a course,

By the time he is an undergraduate, his educational set can
be assessed reliably indiecating that this is 2 stable rzther
than a transitory variable. Furthermore, =n 2ducational

set influences the quality of acquisition of various exper-

iences.
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These findings suggest at least two problems for
investigation with potential significance for structuring
educational experiences for the need of the learner.

First, there is the issue of the role of instructional
experiences in altering students cognitive styles. Both
on the basis of evidence and on intuitive grounds, a
defence can be made for attempting to alter students
cognitive style in a conceptual direction. Further investi-
gation is needed to determine the impact, if any, of
specific kinds of instructional experiences upon the
cognitive preference with which the learner confronts these
experiences.

A second, presently unresolved issue, concerns the
development of cognitive style. Does the learner's general
posture toward new material develop prior to or following
early school experience? What is its eticlogy? Since the
correlation between set and academic ability is not especi-
ally high, one may speculate that cognitive style somehow
reflects a pattern of preschool experiences and reinforcement.

In the present study the possibility of shifting
students cognitive style in a desired direction is to be
examined.

Mark (1967) asserted the equivalence of cognitive style
or preference but then went on to use the cognitive preference
to evaluate chemistry cbjectives rather than identify const-~
ructs of cognitive styles.

He reported that the CBA was achieving at least one of

its objectives and that the cognitive style of the CBA students
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seem more tied to conceptusl learning than verbal structure,
This implies that students are likely to exhibit same
cognitive styles as thoss implied in the cirriculum material
used. This study inspired Omoifo's (1986) work.

Payette (1967), although derived some inspiration from
Heath's study, 4id not follow Heath's approach to identify
cognitive preference. Payette viewed a preference as
affective behavicur manifested 2s a willingness to respond
in a consistent way and corresponding to level 2.20 of the
Taxonomy of Educational Objectives in the affective domain
(Krathwohl et al. 1964).

The format of FPayette's test consisted of a number of
passages relating to issues in the social sciences. Each
passage was followed by four responses, each representing
one of four cognitive preferences derived from the taxonomy.
Respondents were required to rank the responses in order
of their preferences. Payette’s major objective was the
development of a test. He did not engage in a research
which might have thrown some light on the nature of the
constructs with which he was working, though he did demons-
trate that students being instructed under a special
curriculum {(the project «roup), =tiowed greaber preference
for methodology and principles than the other three (recall,
application and questioning)} cognitive preferences. However,
Payette did not compare these students with others following
fraditional courses as Heath and Marks had done.

An instrument for the present study is designed using
the format of Payette's test. A number of situations

relating tc issues in chemistry was ypresented and each



6.
situation was followed by four responses, each.torresponding
to one of Heath's conception of cognitive preference. This
approach, following on Rest (1G74). Defining Issue Test (DIT),
offers another means of reverifying the cognitive style
construct and their distribution among the subjects for the
present study.

Several other studies here in Vigeria and elsewhere
have demonstrated that there is a significant difference
in cognitive style between successful science students an? the
less succezsiul Snes {Xempd and Dube. 1273; Ogunyemi, §973:
Larnette, 1974 aad Qkebukola, 1984) .,

All the studies so far considered seem to suggest
that the construct and distribution of cognitive styles
remain to be confirmed. But even if the pattern of
cognitive styles among students had been known, those of
the teachers and curriculum materials need to be establish-
ed and the nature of thelr association with students
cognitive styles must be determined.

It has been suggested that if in fact cognitive
preference is a fixed character, then it could be a useful
tool in teacher education and selection (Tamiy:, 1977 and
1982), If the cognitive style of the teachers and students
are known, it may be possible to match teachers with a
particular style to students of that same style (Hunt, 1970).
The identification and effective matching of these styies,
if used in addition to the grades derived from the normal
cognitive tests. could isad to a more valid and comprehensive
characterisation of students overall educational attainment,

than results from academic achievement tests alone.,



More likely however is that cognitive preference is
a learned trait whkich can be changed by maturity, inter-
actions and experiences., Cognitive preferernce tests
do show in a most convincing manner that not all people
vrefer to learn in the same way. If onc can assume that
students learn best in their preferred way. one then has
some rather overwhelming evidence for the logiec of offer
ing alternative modes of instruction and learning in a
classroom. It is hence ncecessary te try and establish such
logical modes that hest suit instruction. :

In order to get at what goes on in the classroom as
rezards interactions . interactionists use classroom ohser-
vation techniaques. The approach has been used to describe
typlcal classroom behaviour as a model for teacher
nreparation. i

There are two approaches to classroom observational
studies:~ the dir=ct and the indirect arbroaches. With
the direct classroom 2bservation studies. the physical
presence of an observer in the classroom 1is of paramount
importance. This is the approach that is more commonly

used (Medley and Mitzel, 1653: Flanders, 16606: Fischler

fve)

and Zimmer, 1368; Shuaibu, 13972 and Eggleston, 1933),

)

However the praesence of an observer in the classroom
may constitute a barrier to normal classroom teaching
and any transaction thsat pgoes on may not be twypical of

what goes on when the observer is not there.
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Classroom behaviours measured through direct observ-
ation studies of the type of Flanders (1966) have been
used mainly for verbal interaction in the classroom. This
emphasis on verbal interaction appears to be the least
appropriate for the typical scilence classroom engaged in
activity teaching and learning. The system is unlikely to
pick on these activities.

One way o2f petiing round the problem and criticism
is to adont an indirect approach to the study of classroom
settings. An indirect measure of students behaviours
through teachers own perception of their students should
Throw more light on the realities as they exist in a |
typical science classiroom.

Marting {1984) examined student - teachers percerntions
of student behaviour in science classrooms of Higerian

Secondary Schools, Hather than use an outside observer, QU

==

science education students were requested to imagine and
describe five Tyrlicasl sfudents in their science classes,
This indirect approach to classroom cbservation provided

5 x 94 (4H70) observations. The detall of this is reviewed
in chapter 2,

Mahuta (1982) replicated Martins work usine 137
experienced and practicing teachers from Kaduna State of
Nigeria. A total of 5 x 137 ( = 685) descriptive data
were similarly analysed. Both Martins and HMahuta summa-

rized the main behavoural adjectives of each response

and thus derived the following eight polar adjectives in &
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rank order: Negative ~ positive Attitude in Science Work,

Negative ~ Positive Attitude towards Secience, Negative -

Postive Attitude to Rules and Regulations, Introvert -

Extrovert in Personality, Low - High Intelligence, Negative -

Positive Attitude to Peer Group and Teachers, Low - High

in Creative Ability and Negative - Positive Self-concept.

There was a positive (although somewhat low) significant
correlations (rs = 0.4 for N = 1155) betweeri the rankings
of the two studies.

The outcome of Martinis (1984) and Mahuta's (1985)
works suggest that information on the nature of the interac-
tion in the classroom which is normally obtained through
secondary sources (i.e. through observers) may not altogether
be relliable. Between researchers and c¢lassroom teachers,
there is a possibility of a miscoriception of "appropriate
behavicur” which engage the attention of teachers and
students in the classroom. Any attempt to get at what -
goes on in the science classroom must minimally consider
the teachers perception of that phenomenon. In this study,
classroom teachers have been asked to identify the cegnitive
styles of their students using Martins (1984) approach.

1.2: Statement of the Problem:

The present study is in part an attempt to replicate
an earlier study on the prevalent cognitive styles among
Chemistry students in S.B.8/A.5.U., Zaria {(Cgunsola 1981)
and to examine the pogsibility of shifting students

cognitive style in a desired direction through teaching.
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It attempts to answer thhe. major questions, namely:-

1. 1Is the order in cognitive styvle of the SRBS/ABU

students expected %o be the same as would be found

among the fCollege of Agriculture Chemistry students?

[k ]

. Iz the order oFf the teachers perception of students
cognitive style the same as would be found with the

students cognitive style?

3, Can a learner's cognitive style be chaneged in a desired

direction?

In order to demonstrate the possibility of shifting
students cognitive style, the comparability of cognitive f
styles of subjects with sbout the same background must
first be established,
In more specific terms, this investigation is to find
oub:- |
1. the distribution of the General Plass Chemistry students
cognitive style and o compare it with that of an
earlier study oi 3BS/ABU students;

2. the teachersz perception of thelr rniudents cocmnitive
style: |

3. the effects of using two different modes of instrucﬁion

| on students cognitive stvies.

1.3 HNeed for the 3Study:

Heath (1964), Tamir (1975, 1977) and others have
egtablished the existence of the construct of cognitive
style, but the orientation and distribution of this style

arong Nigerian chemistry students and teachers are yet



to be confirmed.

Heath demonstrated 2 method of medsuring cognitive
preference within the same context as that tn which the
measurenent is to he applied., The Copgnitive Preference
Test (CPT) in High School Physics which Heath developed
waz a novel instrument. It bore the form of a four
option multiple choice ftest, the stem being an item of
information or diagram, while each of the four responses
following the siem represernted one of the cognitive
preferences {Recall, Practical Application, Critical
Questioning and Principles).

The difference between this test and a conventional
multiple choice lay in the fact That all the responses
were correct. The students were told that a2ll options
wers correct and were required to indicate which reSponsé
they preferred or was most satisfying to them. This
test was an exnerimental instrument only and Heath reported
sevaral non-functional items.

Tamir, though used Heath's (1964) model, also
enployed Xempa and Dube's {1973) graded rating procedure
in which each of the four extension statements received
2 rank, the most appealing was designated as 4 and the
least appealing was designated as 1.

The CPT format which has been widely used is
bedevilled with the problem of scoring and the stem is
often suggestive of the keved cognitive style.

The Rest (1974) Defining Issue Test (DIT) offers
a promising alternative way of re-verifying the existence

and the distribution of the coznitive style construct.
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The DIT consists ¢f s5ix hypothetical stories and
subjects were required to evaluate a set of 12 issues -
statements. The subliccts rated how important esach issue
statement was in deciding what ought to be done. This was
a vreccgnition task which enabled the subjects f£o reason.

4 ]

In addition, the subjects were reguired to rank four most

[y

important cholices., making objective scoring possible.
The use of the DIT medel is to ve explored in the present

study.

£

i
=t

The

el

lass

cation of subjects according to cognitive
style by itself has & limited value, unless it can be
emploved to improve teaching and consequently, students
learning.

Omoifc (1586) has demonstrated that curriculum

materials may have liittle or no influence on students

cognitive style, gmoifo’s finding delimits the factors

{a

al to influence students

P._l.

that have the greatest potent
cognitive style.

Hunt (197%; nostulated the matching model . The
model is predicated on the possibility of teachsrs
influencing students cognitive siyle. According to
Munt , there can be a complisete match of cognitive styvle
between teachers and studsnts or a smismatch. And iT
there is a match, it would Jead to higher achisvements,

But the question is. how does one get the smpirical
data to support the claims that students have really been
matched to their teachers on the basis of their cognitive

3tyles?
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A classroom observation study technique could be
employed. This method however suffers some threats to
external validity. Some of the problems of reliability
and validity have bzen 2xpoused by Martins (198%4).

Shuaibu and Martins (198%) and Mahuta (1985) have
suggsated an indirect approach to observation. Instead
of observers or their agzents visiting the classroom to
record events, the teachers perception of students
behaviour in their classrooms are recorded. An applica-
tion of this method should provide evidence to support
the nature of the interaction in the classroom.

In the R, P, A, Q@ model of Heath's conception of
cernitive style, some value orientation is implied. It is
arrued that a science curriculum which emphasizes R and
P and little of A and Q is unlikely to produce graduates
who are creative and are imbibed with the guestioning
spirit of scientists. FRather, these later qualities are®
associated more often with A2 and Q. If there is an over-
whelming evidence that Nigerian studznts 2% this level are
predominantly recallers. the desirability to help shift
their cognitive styles to A and Q becomes self-evident.
Morecover most of the more recent science curricules
purport to teach for A and Q

This study is therzfore undertaken to:-

a) Re-confirm the distribution of cognitive styles
among chemistry students using both the Heath and the
Defining Issue Test (D.I.T) models.

b) TIdentify the tzachers perception of their students
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cognitive style independently {(using Shuaibu and
Martins 1984 approach).
¢) Examine the possibility of shifting students

cognitive styles through feaching.
This last objective could break new grounds in
tesching for desired cognitive style.

1,47 BASIC ASSUMPTIONS

1., It is assumed thet curriculum material and the other
milieux of the school curriculum have little or no
effect on the cognitive styles of the users.

2. That teachers can be depended upon for their
perception of their students cognitive styles.

3, Cognitive style is presumed to be a construct
which is teachable.

4, Rvery student participating in the cognitive prefer-
ence tests understands every option under each item
se well that he can realistically placo the option
in a preference order.

5., The degree of variation in the svntax of each item
haig little or no =ffect on the preference ranking

of subjects.

1.5: HYPOTHRESERS
The folilowing null hypotheses will be tested in
this studyv. -

(i) The cognitive style distribution among the four

classes in the experimental design is not significantly
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(i) The cognitive style distribution asmong students is not
significantly different from teschere classification

(Ferception).

{(ii1)The experimentzl treoatment {(th: wode of teaching) has
no significant effect on the cognitive style

distribution of the subjects,

The rejection of the first null hypothesis will amount
to *i.e observation that the distribution of subjects cognitive
style among the four modes differ siznificantly. This
siti: tion will then be compared by inspsction with the
findrngs in the earlier study of 3B3/ABU Chemistry
Students (Ogunsola 1981},
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CHAPTER THO

REVIEW OF RELATED LITERATURE

2.1, Introduction

The research literature nartaining to cognitive
styles stems both from the pavchological and the
educational field. Since the psycholopical constructs
are not the central concern in the present study, the
former field will not be examined fully here. But in
surmmary, it can be said that psychological studies
relating coghitive style to sueh variables as %
personality, intelligence or academic aptitude have
produced inconsistent findings. Agreement, or lack of
it, is likely to have neen determined by the nature of
the measures of the other variables.

If the concept of cognitive style is to prove
useful in an education2l context, either by contribut-
ing to the prediction of success in various disciplines,
or to the development of appropriate teaching methods,
then it will be necessary to show a relationship
between cornitive style dimensions and performance on
academic tasks.

If one were to correlate scores on conventional
gscholastic tests with scores derived from tests of
cognitive style, it would be with the rationale that
consistent cognitive stratepies or preferences
evident in one tv:2 of context will alsc manifest

themselves in a different tyne of context.

16
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Thurstone (21944) in his classic study of
perception has really encouraged this approach with
hié statement. Y"One wonders whether it will be
rossible eventually to appraise individuals as ©o
some of their intellectuzl characteristics in terms
of tests which do not themselves represent intellect-
ual tasks"™,

It is clear that the contents of vervy few of the
tests used to measure cognitive styles bear any
resemblance to conventional scholastic tasks. Many
are derived from studies of perception, for it was
largely from attempts to explain individual differences
in perception as rersonality characteristics which
led £o the investigation of cognitive styles.

If it were proposed, then, that a cognitive style,
say field denendence, is associated with an intellectual
task, say problem solving in mathematics, then the use
of such s test as the Embedded Figure T.st would be an
indirect wayv of measuring Cognitive Stvle involvement
in this task. Sticker and Ross (1964) pointed out
that Yindirect measurement inevitably introduczs
extraneous sources o7 variahce“r It seems tfo this
writer highly desirable to 2liminate this source of

varianece as far

it

¢ possible, and one way of doing so
would be to derive measures of cognitive nreferemces
gz they aoply to intellectual or scholastic tasks,

from the very subject matter with which these tests

ave concernad., In this study, the test items are to

o X

to be derived from chemistryv,
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The cognitive stylss of students and teachers
have heen extensivelr investigated elsewhere and
verv little has been reporved in Nigeria.

In this chanter. relevant literature concerning
cognitive styles and achievements are reviewed, The
chapter is divided into five parts,

(i) The first part deals with the rclevant
literature on the distribution of science
students cognitive styles,

(ii) The second part deals with the cognitive
styles implied in curriculum material.

(iii)} The third part deals with the teachers
cognitive style and the identification of the
students cognitive style using the teachers.

(iv}) The fourth vart deals with the methodological
issues and especelially the treatment of data.

(v) And the last part deals with the Rest (197%4)

Defining Issues Test (DIT) approach.

2,2: STUDENTS COGNITIVE STYLE:

Much of the published works have shown That
students are distributed in their cognitive styles in
a pattern which suggests the influence of teachers
cognitive style and the cognitive style implicit

in their curriculum materials.
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The 1lead in this direction has already been given
by Heath (1964}, who defined cognitive preference as
tqiffering modes of attending to the subject matter
of a coursa", Several researchars followed by trying
to identify the cognitive styles of the students
and find the relationship between cognitive styles and
factors such as age  gender, achievement, etc. (Mark
19654 ¥empa & Dube.1973; Ogunyemi, 1973; Barnett, 1974:;
Ogunscla, 1981 ; McNaught 19825 Okebukola, 1984).

According te Eeath "the interest (in cognitive
stvle) is not in whether the student can identify
correct or incorrect information, but rather in what
he is 1likely to do with such information intellect-
ually. If a goal of instruction is to change the
students® intellectusl style within some sacademic
subject, a test of such achievement must permit him
to demonstrate different styles’™ .,

Specifically, Heath set out to identify four
types of cogrnitive preferences. These were -

{a) recall of specific facts or terms (R)

(b) practical application (&)

(¢) critical guestioning of information (Q)

(d) ddentification of a fundamental principle (P).

Using a sample of classes following the Physical
Science Study Committee (PSSC) curriculum and a sample

of those following conventional curricula, he



demouscrated differencag bstwaen them in terms of
soognltive nreferences.

He hypothesised that:-

(a) Physical Science Study Committee (PSSC)
students should demonstrate a stronger
preference for fundamental principle (P)
and Questioning (Q) than control group
students.

(b) Control group students should prefer memory
of facts and terms (M or R) and practical
application (A) to a greater degree than
PSSC students.

(¢) Preference for fundamental principles and
questioning should be more positively
related to achievement test score for PSSC
students than for the control groun
students.

(d) Thiat oreference for facts and terms and for
practical application should be more
negatively related to achievement test
scores for PS3C students than for control

group students.

A 20-item deviee called "The Cognitive Preference
Test: High School Physics’ was written and administered

without pretesting. The instrument bore the form of a
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four option multiple choice test, the stem being an
item of information or a diagram, while each of the
four responses following the stem represented one of
Principle, Recall, Application and Questioning. The
difference between this test and a conventional
multiple choice lay in the fact that all the responses
were correct. The students were told this and required
to indicate which responses they preferred or found
most satisfying to them.

In addition, all pupils in both groups took the
School and College Ability Test (SCAT), the cooperative
final examination and the concealed figure test.

The sample consisted of 30 PSSC classes of about
1027 pupils and 49 control classes of 2100 pupils.

The meare and standard deviations of all tests,
for both groups were compared. Results showed signi~
ficant differences between the mean of the PSSC
class means and The mean of the control class means
on preference for memory, critical questioning and
principles; in the direction confirming his hypothesis
but not on application.

In addition, if was found that:-

(i) Cognitive preference for memory of facts and
application was negatively related to PSSC
achievement while questioning and principles

had positive correlation with achievement on
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the PSSC test.

(ii) Aptitude had =z nositive relation to prefer -
ence for memory of fact in control group
{(r = 0.22) while the relationship was
nagligible, thouzgh slightly negative in the

PSSC group {(r =-0.08).

(iii) The possibility that the differences in
cognitive prefaerences can be accounted for
by differences in ability (SCAT) was tested

and discounted.

In the discussion of his results, Heath indicated
that differences as shown in the result were consis-
tent with the reported objecfives of the PSSC course.
He also suggested that the generally positive results
obtained means that the instrument can identify in a
meaningful context . curriculum related differences
in cognitive style. The results of his study are
particularly encouraging and other studies have been
inspired by Heath's worlk.

Mark {(1965. 1967) modelled his "Cognitive Prefe-
rence Test: High School Chemistry” upon Heath’s test,

2z¢d using the sawe approach as Heath, cosparad the cognitive
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preferences of students enrclled in the Chemieal Pond
Approach (CBA) chemistry classes with the cognitive
preferences of students enrclled in traditional high
sckool chemistry classes. 7The comparison was made in an
attempt to identify certain goal differences hetween the

o

sypes of curricula. The procedure used in carrying out

i

o

this investigation followed quite closely that of Heath's
in his study of PSST Physics using B, PA, @ and P model.
These four cognitive prefezrences were chosen

cn

because the "memoryv” and “practical application®”
preferences were closely related to the gqals of
instruction in the traditional course and the “Question-
ing’ and "Principle” preferences were c¢losely related

to the goals of the CBA course of study.

With & sample of classes enrolled in CBA chemistry

o2}

and a sample of classes esnrolled in traditionally taught
chemistry, the following hypotheses were tested:

{i) Students in the CBA chemistry course and students
in the control gzroup show no statistically
siegnificant differences in their selection of the
four cognitive nreferences as measured by the
Cognitive Preference Test: High School Chemistry,

Students in OBA chewmistry course and students in

~
[N
[WH
R

the control group snow no statistically significant

differences in theilr selectlon of the “our cognitive

=J

references when thege -holices are stitistically

relased to achievement Lest scores.
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{(iii) Any statistical differences in cognitive
nreferences is statistically related to the
ability of the students.

An instrument {Loznitive Preference Testa: High
School Chemistry) was developed to measure the Cognitive
Preferences of the students in the CBA group and the
control grour. The instrument is a 100 - item test,
and the general appearance of an item in the test is
that of a four - option wmultiple choice question, Each
item has a stem which presents some information or data
of a chemical nature. All the options zre correct and
students were asked to select the option they wvreferred
most in connection with the introductory information.

Since each of the answers is c¢orrect, the Cognitive
Preference Test would have an undesirable interdependent
guzlity buikt into ift. That is., if one answer were
chosen by a student, three other “correct! answers
would be eliminated from the total test score. For
example., suppose i student were te have a preference -
for ontion (a) for an item while a second student were
tc have a preference for option (b) for the same itenm.
The result would be that the item would bhe evaluated
one way for the one student while a different
evaluation would be cbtained for the second student.

The resulting ipsstive measurement for each student

wolld be distributed about the mean of that student,

not about the sample mean. According to Guilford

{(1954), "individual differences in ivsative measuremsnts

have 1little meaning because there is not a sin;le scale



!
for all individuzls®. Thezrefore the 100 -~ items were

divided intc four subtests corresponding to the four
copnitive preferences. In this way, it was possible

to evaluats, or wgrade, for the total score of just one
of the cognitive preferences. A maximum scors or any

onz of the four subsets was 25.

An item analvsis was comnuted fromn the Cognitive
praference Test. It was determined that each of the
100 - item was a functional part of the test as a

1ity of the instrument was

[N

whole. Also, the reliab
caiculated and it was considered reliable for research
purposes.,

YMean hiserial correlation of test items with tot=l
subtest scores for CBA students ranges from 0.33 to 0. 48
and for controel students Cfrom 0.30 to 0.45,

Coefficients of reliability for the subtests for
CRA students (N = 433) range from 0.28 to 0.70 and for
eontrol (N = 622) range from Q.43 to 0.66.

The estimated reliability of each of the subtest
was increased 1n length to 50 items. The Spearman
Brown Pronrecy formula was uvsed for estimating reliabili

tizs, for CRBA (O.84 - 0.22) and for control group
(0.60 ~ 0,80).

A list of 211 lmown CPA chemistry tenchecrs were
catesorized on a two - variable stratification table.
The two stratification wvarlables were (a) sex of the
teacher and (b) sizez of community (over or under
100,006 population). A ~andom sample of thesce tzachers

was selected and invited to participate in the study.



26

T"he teachers that anccepted the invitation were
cabteporized on the same two stratification varilables
usaed for the CBA group. Results indicated that 34
group was 2 representative sample from the population.

The non-CR»A schicols were selected. Invitations
ware issued to schools in proportion to the CBA
ponulation stratification. The distribution of the
concrel samnle was tested against the CBA sample by
means of the chi - sguare test., No statistically signi-
ficant difference wag found,

The hypotheses stated were accepted as significant
at the 0.05 level snd highly significant at the 0.01
level of confidence.

The means and standard deviations of all tests
for the pre-test and post -test rroagrams were computed
for ths CBA group and the c¢ontrol group. Ths post-test
statistics were baced upon cluscer samples of 24
teazhers of CBA chemistry who made up the experinentsl
sroup (433 students) and 30 teachers of traditional
chemistry who made us the control group (602 students)
for the nost~test data. For example, the mean score
for SCAT of CBA group is 40.55. This value is the

1,

srithmetic average of 24 CBA cluster means on the

o

SCAT test. RBelow that staetistic the value of 5.29
rapresents the standard deviation of the 24 CBA
cluster neans of SCAT.

Dats provided indieated that Hypothesis T was

rejected for all copnitive preferences except that of

vractical applicaticn. The analyses show tThat afiter



27

having completed 2 year of chemistry in their respective
curricula, the CBA group had a significantly stronger
proference for the fundawmental principle and critical
auestionine ovtions in the Cognitive Preference Test
items. The pre-test data indicated that there was no
difference between the CBA and control group in their
preference for the “undsmental vrinciple and critical
nuestioning options to the test items.

Althourk the pre-test dats showed no steatistically

significant difference between the two groups for thei

“srence for the memory of lacts option., the post-

-

pre

teast dats pave considerably different rosults. A mean

of .99 was obtained flor the control group while a mean
7.61 was obtained for the CBA proup. The two pgroups

had virtually the some meazn on the practical application

subtest.

Analyses of wvariance, 2 ¥ 2 factorial design were
performed on the data to determine if the ability of the
two groups could account for their difference in cognitive
preferences. The results indicated that the cognitive
preference of these students could not be related to
their ability as measured by SCAT. The third hypothesis
was rejected.

When achievement test scores were related to the
copgnitive oreferences of students by means of analysis
of variance, it was found that neither the ACS cooperative

xomination nor the CBA finel examination wers criteria
from which to forecast the cognitive preferences of

these students. Thus, the hypothesis that th: cognitive
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preferences as expressed hy students could be related
to achievement was rejected.

The cognitive style of the students seem tied
more Lo conceptual learning rather than to a verbal
structure. Infact it was found that students
enrolled In CRA course seem TO De able to cope with
problem solving situations more readily than their
traditional counterparts,

Yith the differences in structure of the two
curricula, the use of standard achievement measures
seems an unlikely method of evaluating the TBA course.
This is particularly true since many of the achievement
tests were desisned for the conventional method of
instruction. Therefore, the problem of evaluating the
CBA course with respesct to student learning has to be
approached from a different frame of reference - "for
students are likely to exhibit same cognitive styles
as those Implied in the curriculum material used.”

Kempa and Dube {(1973%) carried out a study in
Norwich to determine science based cornitive preference

oriznta

<t

ions in students. subseguent to the study of
chenistry at the Ceneral Certificate in Education
{ordinary level). The instrument used was a cognitive
preference test whose subjset matter contentg
corresponded closely to that of current O-level chemistry
curricula. As part of the investiration, the effect of
acndenic achievement in chemistry 235 measured by O-level

grades on students cognitive preference nrofiles was
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also examined. The results showed that the cognitive
styles of different ability grounds contrasted markedly.
High achievers tend to exhibit a high degree of
"scientific curiousity” and their acceptance of Scientific
Information leaned distinctly towards the “pure scienca”
side, Low achievers lacked scientific curiousity and
accept science primarily because of its intrinsic value
as a field of intellectual enguiry. Admittedly., these
are generalisations which were based on averages not
distributions and so had little predictive value,
Nevertheless, they provide some gulde to the relationship
between the cognitive outcomes of O~level chemistry
courses and qualities (IR, achievement) which are
strictlyv speaking non-copgnitive. ’

Kempa and Dube's work suggested that academic
achievement is associated with copgnitive styles. They.
demonstrated that hish achievers with 2 particular
teacher tend to recall, while low achievers tend to . . -

favour application. Therefore there are two variables of

importance here: academic achievement and teacher's

(=

nf

-

uence. The ousstion ther 1s, how far can the teacher

)

h

[ =2

s pupils through

-y

nfluence the academic parformance o

[N

teaching? This provlem is closely related to one of the
problems the present researcher wishes to examine. Can
a teacher influence the cognitive style of his pupils
through teaching?

Qgunyemi's {1G673) study on cognitivs stvles and
students science achievement in Nipgeria appeared to

buttress Kempa and Dube's claim on the asscciation
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between Cognitive 3iyles and academit gchievbment,
The study investigared the relationship between the
two variables using a categorization instrumnent.
Instead of the divergent thinking instrument employed
in several of the eaprlier studies, low and high science
achievers (170 science students) were selected by
stratified random samcling from grades 7, 12 and the
equivalent of the second year of a2 junior college fronm
2 male and female high school in MNigeria and given =

cognitive preference test. The results showed a

ez

gienificant relationship bhetween science achievement
level and cognitive style for the boys but not Tor the
girls. This result suggests that hipgh science achievers
differ significantliv in cognitive styles from low science
achievers,

Similarly Barnett (1G74), explored the raliationshinp
hetween achievement in sclence, directiveness of teaching
style and cognitive preferences. He hypothesised that
students who show & strons preference for @ and A could
be expected to feel more comfortable and work more
effectively using inauirv method than students who show
a strong preference for Memory M, IHe also hypothesised
that *a non-directive teaching style could be expected
to promote achievement in an inquiry - oriented classroom.”
Barnett 's studv thus was concernad with the characteristics
of inquiry teaching. These relationships were explored in
a study of one semester of instruction in biology. The

sample for the study was composed of 1477 tenth grade
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biology students drswn from high schools located in
the three principal metronolitan areas in Kentucly,
Louisville, Texinrten and Corington in the United States
o7 America.

One of the three instruments used in the study was
the Cognitive Preference Examination - 11 (CPE-11).
This instrument was used to classify students on the
basis of their Cognitive Preflerences. A total of 604
students were classifizsd into three categories by their
strong preference for A, M or . The second instrument
was the Nelson Biology Test which was used to measure
achievement in hiology. The third instrument was the
mocified version of “students nerception of teachers
style™ (SPOTS), an examination which renuires students
to rate the intensity of specific teacher behaviour on
a nine point rating scale. This instrument was used to
measure teaching directiveness, The data were anzlysed
using Analwsis of Variance, Covariance and Correlation
Coefficients. Results indicated that students showing
prefercnce Tor O and A Tend to be hicher achievers than
those whose preference is for M (Pﬂ0.0i), The
correlation coefficient also led them to conclude that
students who showed strong preference for A learned
more offectively Than students who displayed strong
preference for M.

It is to be noted that in this study, A and Q are
characteristics of hirh achievers »s against Yempa and
Dubes finding where A 1s a2 characteristics ol low

achievers. In addition, no explicit reason was given
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for the omission of principles as a preference.

4 study which tried to find out the extent to
which the same students show similar or Qifferent
cognitive preference stvles within different discip-
lines was carried out by Tamir and Kempa (1978).

The study specifically de2lt with such guestions
ag -

(1) 1iow does the copgnitive preference of the same
student in Physics. Chemistry and Biolopmy compar
with each other?

{il) To what extent do cognitive preferences cut

acceross these three discirlines?

(iii) What are the =ffeccets of sex and school type and
locations on the cognitive preferences and their
inter-relationships in the three disciplines?
Three cognitive tests one czach in Physics,

Chemistry and Biology, which hod been designed and

validated under the supervision of Xempa were translate

inteo Hebrew with some medification nangd used. Each of

these tests comprised 20 iters. To ensure that 211

information incormorated in the tests fell within the

comitive framewsrk of the students, item analiysis was
carried out., A rraded ra2ting procedure was employved,

The sample of 599 subjects was selected through
stratified random sampling from different groups
reprasenting city academic, agricultural and occupat-
ional schools. The alpha chronbach reliability
coagfficients for the different preference models in

different groups range betwesn 0.58 and with 2 nean of
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0.67 for the 20 item test and 2 mean of 0.51 for the
50 item test.

Results were analysed by a computer using
correlations, factor analysis, analysis of variance,
correlated t-test statistics. In addition, m2ans and
standard deviations were czlculated for R, P, @ & A
28 well as for two other derived measures @ = R
(curiousity) and 7 - A (Utility).

It wes found that in 211 three subjects, Isreali
tenth grade students had a strorg bias for "FPP¥, The
veneral order of preference appeared to be P 89 A O,
It was 2lso found that some studsnts had similar levels

-

of nreference in all subjects as far as Q and R were
concerned. However differences appeared with P and A.
In the P - A scores for these students, Biology ranked
highest and chemistry ranked lowest. It was established
thnt comnitive preferences cub across the three discipl-
ines. To some sxtent cognitive preference appeared to
depend on the subiect matter area.

& ong-~-way analysis of variance reveaied only
two statisticnlly significant scex differcnces at the

0.0% level, Boys had 2 hirgher "B"Y scores in Physics

[

whnile sirls had o higher "P¥ scores in Cuemistry. In

1

11 other cowrmarizons, there were no sigpificant

by

2ifferences.
On the type of school, it was found that students
in occupational schools have the hishest preferencs

level for “R7, students in city schools have the



34

highest preference level for "P'" and "Q" while students
in agricultural schoeols have the highest prefarence
level for "£" in the Physical Sciences. Students in
apricultural schools were also found to bhe more similar
to each other than to students in city academic schools,

On Cognitive Preference and achievement, low
positive correlations were found between the final year
school grade and coznitive preference score in “P" as
well as in P - A,

In their discussion, Tamir and Kempa noted that
even though a general style in science which cuts
across the discipline does exist, it does not =zccount
tor 2ll of the variances. In addition, there are
specific coenitive styles which exists for each of the
three disciplines and which differ from each other.
They suggested that these studiegs mav be able to find
what portions of the variance are accounted for by the
different disciplines compared with science as zn entity.

Ogunsola (1981) investigated the cognitive styles
ol students of Chemiegtry in the School of Basic Stulies
(EBS) of Ahmadu Bello University, Zaria, Nigeria. The
study was desiened to investipate the most prevalent
cognitive styles among chemistry students in the SBS,
using Heath's (1564) model;to measure differences in
cognitive styles between male and female students and
to measure differences in cognitive styles between
students who schooled 1n educationally disadvantaged

areas and those from other areas of MNiereria.
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The Subfects were 156 fresh 2R3 students who were
among early arrivals and who registered for chemistry
in Aupust 1981. The subjects were of both sexes with
an average age of 17 years.

& L0 ditem test hased on the 3BS entrance
eraminations over the vears 1278-1981 and structured
to conform to the format suggested by Heath (1664) and
Kempa and Dube (1973) was developed. The test construct
was validated using the framework provided by Van den
Lerp et al. (1972). The instrument was administered in
August 1951 during the second week of the SBS students'
orientation,

The frequency of selection of options in the various
categories was used as the unit of scorine, data analysis
and internretation. Contingency tables for freguency
distribution of respondents on the four cognitive
styles, sex and locstion of schools attended were set up.
The nonparametric chi sguared statistic was considered
appropriate for the anslysis because the data were only
freguency counts,

The data suggested that R and P options are
selected four times as often as the combined A and Q
options. This may mean that ths Wigerian subjects
have a vreferential coghitive style for recall (R)
followed by Principles (P), unlike their Israeli
subjects in Tamir's (1681) study who had greater
average score in Q. The chi squared value obtained

for each of the four cognitive styles by sex group

was not statistically significant at the criterion
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level of 0.05. This result is in agreement with Tanir
and Kempa's (1977) findings. Again the value was not
statistically significant at the criterion level of
0.05, in the case of cognitive stvle according to
location of previous sehoocis. It anopears that there
1s no relabionshis batween school hackeround and

-

preference for cognitive style in N

= o

.

reria.

It was concluded that @most Wiperian Secondury

School gradustes were inelined to recall and least
inclined to critical guestioning (Shuaibu and Ogunsola,
1683). "The general order of preference seemed to be
R Pt A Q and the distribution was in the ratio of
I T A AR

McNaugzht (13882) reported 2 study of the relationship
betwezsn cognitive prefaerences and patterns of achievement
in chemistry for grade 12 students in Australia.

It was hypothesized that:-

B

1) Students who develop cognitive preferences
consistent with those implied or stressed by the Higher
Sehool Certificate chemiztry courss tend tTo perform

o
T

Letber on an end of course achievenment examination than

de students whose ocognitive vreferences are not consistent
with these imnlied vreferences,

(ii) FHisher cognitive preference for a particular
praference 1s positively correlated with performance on
tha sorts of coenitive tasks implied in that preference.
The sample consisfticod of 304 Hish 3chool Certificate (HSC)

students in Viectoris. These students had studied
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Integrated Science in grades 7 - 10 and Chemistrey in
erades 11 and 12. A Chemistry cognitive prefercnce
test was administered shortly before the students sat
for their HSC exsminations. Both cognitive nrelerence
data and achicvement data wers obtained for 288 students.

The cognitive prefercnce data were analysed using
both a modifizd R-technigue factor analysis and the
multidimensional unfolding technique. From the analvses,
it appeared that 2 students cognitive preference could
he characterized in terms of two scores:-

(1) Scores on scales M and PA or

(ii) Scores on scales Q4 and PV,

For an 2xample, 2 score on scale ¥ is equal to the

score on cognitive oreference for 4 minus the scores on
cognitive nreference For memory.

Thus & score on @M scale = score on €, P, "Q¥ minus
a score on C, P, *¥Mi, A hiph score on scale 2 indicates
a greater preference for 4 than for memory, while a low
score indicates gresaster preference for "MY than 4.

Scores on scales PA. QA and PM were calculated in a
similar way.

The scores obtained for the 2974 HSC chemistry
exzmnination were used as the achievement data. These
were categorised intos

(1) Extended Answer (¥A) and other (03
i.e, multinle choice item and numerical problems,

(ii) different cognitive complexity, i.¢. knowledge

—
e
—
[§¥]

s

h
o

igher than knowledpe {HX) as defined by Bloom

1
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Correlation coefficients were computed between the
scores on each of the CP scales QM, PA and Qa, PM and
total scores on the H3IC chemistry examination for 268
gstudents. The corre¢lations wers signhificant at the
0.05 level of sipgnificance for the coghitive preference
Scale P¥ and QM. Corvelation results, seemed £o show
that cognitive preference is related to chemistry
achievement.

To Further investigate this, students were assigned
to high and low groups for each cognitive preference.

This depended on whether a student’s score was great

q

r
than or less than the mean score for that scale.

Analysis of covariance was used to investigate whethor
level (high or low) on 2 cognitive preference scale was
related to differential performances on different tynes
of tasks. Results obtained led to the conclusions that:

{i} Students who score high on PA scale tend to perfornm

reiatively better on hisher than knowledge tasks than

do students who score 1ow on scale PA and vice versa.

-d

n relative performance on

[ =

(ii) There 1s no difference
hizher than knowledge and knowledge tasks betusen
stadents scoring hish and low on the other cognitive
preference scores,
(iii) 7There is no difference in relative rerformance
on extended answer and other Tasks between students
scoring high and low on any of the cognitive preference
scales.

The result of this study implied that it would be

advantageous ii teachers could develop in their students
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copnitive preferences such that P and Q are preferred
to A and M. It was recommended that the issue of how
a2 learner’'s cognitive pre¢ference can be changed should
be a fruitful avenue for further research, And this
is one of the considerations under the present study.
Okebukola (1984/5) carried out =2 study on
cognitive style amongz Yoruba students in Ondo State,
Nigeria. The study was to:-
(1) determine the cognitive preference orientations

o

of students using the traditional and CESAC Biology
syllabus and

(ii) relate students cognitive preferences to
achievement in the two biology syllabuses.

The sample consisted of 128 class four biology
students (72 »oys and 56 girls with 2 mean age of 15,2)
enrolled in 2 secondary school offering traditional
biology svllabus option and 119 class four biology
students (58 bovs, 51 girlis with a mean age of 14.91)
enrolled in 2 Secondary School offering the CESAC
biolozy svllabus ovtion in the same state.

-

logy cognitive preference inventory

L

A 40 item bio
BCPI {second edition) developed and validzated by Tamir
(1981) and Biology Achievement Test - BAT ~ a 40 item
multiple choice test with five alternatives (one correct
answer and four distractors) were used for collectine data.
The scores for the four coznitive preference areas

were obtained using McNaught's (1382) nrocedure:-
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BCPT was administered the week folilowing the
adninistration of BAT. Both instruments were administ-
ered at about the same time in the two schools sslected
for the study.

Results showed that most of the subjects using
the traditional bilology swyllabus were reaall oriented
while most of those on the CESAC syllabus were
annlication oriented. Since hoth R and A had earlier
been found to be characteristics of lower achievers
one may not he surprised why Kanu (1883} found no
differcnce in the achicvement of CESAC and non CESAC
students. In addiftion., students with principles and
recall cognitive preferences performed significantly
hetter on the traditional biclogy syllabus when compared
with students with A - Q. The reverse heing the case for
the CEBAC group.

In the discussion and conclusion, Okebukols inferred
that Cognitive Preférence of students exert considerable

influence on their performance in biology. The result

also strenethened the validity of the cognitive preference
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construct and indicates that a mismatch between
copnitive nreference orientations of students and
curriculum material may be responsible in the declining
performance of stulents in hiology.

In many Fritish journals, students cognitive
stvles tend to be classified 23 holists and serialisfs
(Pask and Scott, 1572, Pask, 19762, b, Ford, 1985),
contrast to Heath's model.

Posk (137¢b) worked on the styles
learning. The researcher suggested

that matching and mismatching

T

teaching strategies with
Jearner's preferred learning strategies may have
ie effects on learning. In an earlier paper

ab
Pask (197627 introduced conversational techniques, some

(R

nvolving a2 human varticipant in dialogue with a student,
othars involving a mechanically or computer implemented
“participant™ through which the student "talks to
himself" under restrioctions imposed by the device.

Pask (1976b) argued that the learning of complex
material involves two distinguishable elements -
building a description of what may be known (2 concep-
tual map, essentially an overview, of how varilous toovics
interrelats ), and bullding nrocedures (essentinlly examin-
ine the more detailed evidence and procedures supporting
the overview,. The first clement, description-building,
is most effectively achiecved by means of a zlobal study

approachs the second glement, procedure -~ buillding, is

most effectively achieved via a loeal study approach.
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Pictures of extrems forms of global and loecal
anproaches were obfained in a series of experiments
(Pask and Scobtt, 1972 Pask 15873, 1676a, b: Robertson,
1376}, In these experiments, two learning strategies:
izd. Holists use 2z global approach
coacentrating first on b»uilding broad descriptions
into which the details may be fitted. Serialists use
a local anproach, concentratineg more narrowly on
procedures, before the overall plcture emevpes

In freer, more normal learning Pask argued,
individuals may be usefully classified as comprehension
learners ~ who tend to hehave like holists, operation
le ers =~ who tend %2 behave like serialists: and
versatile learners who tend to galvanate hetwcen the
other two,

These differcices seemed to be of depree.
Comprehension learners have a bias 4owards description -
bullding; operation learners 2 bizs towards procedure -
puilding. EBytreme comprehension learnars may have a
procadure - bulidine capability pronounced
enough to imn2ir thneir learning. They are well able to
puild a eeneralized overview of a subject {more like
principle ), but 2re unahle to pay attention to more
detalled supporting evidence {(Questioning). In this

.

way, they often display a zlobetrotting -~ making invalid

St

links between topics or being too ready to meneralize
without suflficient evidence., Extreme operation

learners may lack sufficient description - building
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canability, the result which is well described as fnot

ing the wood Tor trees? and it is termed ixsprovidence

e

521

(i

by Pask. Versatile learners are able to engage in both
glohal and local approaches, succeeding in achieving

full understanding comprising both descriptions and
nrocedure . CGenerally in order to achieve full understand-~
ing, i1t requires the use of both learning approaches - a
holist~1iks global building up of a relatively superficial
overview on the ore hand and a gerialist - like construction
of local facts and detalls which it into the broad

ovarall framework.

Pask 2lso arguel that verzatile learners are likely
to zdopt elther holist o serialist strategies
instruction or on whin”, and to change strategy, if
ths subject matter is changed (Pask 1376¢),

However, when 2 sample of 52 polytechnic students
wng classified as adopting 2 holist or serialist
approach to a preiiminary frec learning task, the
effects on learning of subseguent matching and
dismatching of learnineg materials were statistically
significant for each individual in the sample (Pask,
1576¢)., It wmay be that Pask’s sample contained no
learners who were versatile in the sense of being
able to adopt cither holist or serialist stratepies
with success. However. 1t may equally he fhat some
learners are ‘versatile? in the sense of being able to
avold learning pathologies by combining global

description - building with local nrocedure-building,



vut nevertheless need to 4o so using one or obther
sequence .~ a holist - like global descripticn involving
building predominantly before local procedure-huilding,

oy a 3erialist ~ like local procedure - involving bullding

predominantly pefare »lobhal desceription - building.

Hither segquance mav achisve the end nroduct of both

-~

descrintions and procelu~es built via the use of both
gzlobal and local appiroéches.

Tordis (1985 study allowed for the second
pegsibility by the use of a guestionnaire designed to
ssess preferences for either holist - or serialist
like sequences in learners who mav be versatile in the
sense of being able to comhine global description -
nuilding with local procedure - building as well as
learners with a discernible comorehension leairning or
operation - learning bias.

Generally holist - learners have scores higher
from serialist presentations than have serialists from
holist presentations. Pask {1973) noted that,
consiscent with “versatility” in the second sense
perhaps ths typlcal versatile learner has a holist
bias. It is also worth noting that Enwistle's factor
an2lysis, linked comprehension learning with a 'deep’
mraning -~ oriented aporoach to study; operation
learning with a * zurface’. reproductive apnroach
resulting in less successful academic achievement
{(Entwistle, Hanlev and MYaensell. 1979, Entwistle, 1981).

Pask (1676bjconcluda?d by stating that it is
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possible with a few exceptions, to teach students to
learn more ef'fectively by the application of

sophisticated principles of learning. The principles
can, however, be presented in a simple, non technical
manner suitable for use in a classroom.

Ford (1965) tried to explore the extent to which
a group of experienced and successful learners. such

as postgraduate studznts, might be expected to be

v

versatile learners. in the sense of being able to
learn egually well fron holist and serialist learnin-
materials., The study also examined the extent to

which holist and serislist competence may be predicted

bv relativ

lD

ly "quick and easy" questionnaire instruments-
hasing its foundation on Pask (197¢a, b) research work.
Fask sucsgested that matching and mismatching teaching
strategiss with learner’s preferred learning strategies
mav have considerable effects on learning.

An important guestion raised by Pask's work is
“to what extent will experienced and successful
learners - for exanpls nost-graduate students - likely
to be, through selection or developnent, versatile
learners, able to adopt 2ither holist or serialist
strategies?” Clearly il the majority of such students
yere equally able to learn from information presentation
designed to suit eithe» holist or serialist strategies,
then the implications of Pask's work on learning styles
Tor everyday teaching and learning at this level would

he less pronounced than if this wuere not the case.
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The study shed some light on this guestion by

expleoring:=-

a) The incildence in a sample of postgraduate students

of competence to learn equally effectively from
materials designed to suit (i) holist and (ii) serialist
learning strategies as measured by two learning tests.
() The extent to which such competence may be predicted
by relatively 'quick and easy' instruments in the form
of (i) Entwistle's Short Inventory of Approaches to
Studyingt!, and (ii) a specially designed study Preference
Ruestionnaire®,

Eighty~three postgraduate students, 22 MA, 16 M.3c.
and 45 PGDE students completed the "Short Inventory of
Approaches to Studying” and a specially designed *Study
Preference GQuestionnaire®, Twenty-six of these students -
16 MA, 8 BSe. and 3 PGDE - also took two tests designed
£to measure their competence in learning from materials
designed to suit a redundant holist and a serialist
learning strategy.

For the learning test results, two students scored
equal points on both learning tests. The other 24
individuals were classified as holists or seriglists
according to the test on which they achieved higher
pcints.

3cores for each individual on the items designed
to asscess comprzhension and operation learning on the
'Short Inventory of Approaches to Studying®, and the

items designed to assess holist and serialist
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preferences on the Study Preference Questionnaire”
were compared with the individual's assignment as
holist or serialist from the test scores.

For the 'Study Preference Questionnaire’, despite
the small numher of subjects, the correlation was
statistically significant using the Sign Test and
treating all scores as ordinal. The best individual
predictor was question 16, with a correlation significant
at P{-0,0lo

Mean scoras for ‘Matched' (i.e. students classified
as holists, using the 'Study Preference Questionnaire’
for learning from holist teaching materials and serialists
for learning from serialist materials) and ‘mismatched’
conditions were 18.%5 (SD = 6.85) and 14.4 (SD = 5.7)
respectively.,

The Short Inventory of Approaches to studying to
predict holist and serialist competence was less effective.
A comprehension learning bias correlated with holist
competence and an operation learning bhias with serialist
competence in 15 out of 25 cases. Correlation between
these blases and test score differences were not significant,
using the Wilcoxon test.

The central issue addressed by the study was: to what
extent might 2 group of experienced and successful lzarners
like postgraduate students be versatile, in the sense of
being able to learn equally well from teaching materials

designed to suit holist and serialist learning strategies?
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However, the concept of being able to learn equally
well from such different materizls can be interpreted in
at least two ways:

(a) able to achieve a similar level of performance
after learning from holist and serialist materials
(regardless of whether such a level is high or low
compared to any particular norm),

(p) able to achieve 2 reasonably high level of
performance after learning from holist and serialist
material.

A 'similar level' of performance may bhe calculated
by analysing for each individual the difference in
scores between the two tests, as a percentage of each
individualfs ‘potential?, defined here as his or her
maximum scores on either test, Such a measure relates
only to each individual‘s relative perfbrmance on
each test, and not to the performance of the group
as a whole.

A 'reasonably high level' on the other hand,
relates the individual's performance to some common
standard measured at group level.

The above results do lend some support o the feollow-
ing suggestions.

8) One cannot necessarily assume that experienced
and successful learners like PG students will tend
to be versatile in the sense of being able to learn
gqually well from materials designed to suit holist

and serialist learning strategies.
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b} It is possible to some extent to identify students
likely to learn more effectively from either holist
or serialist materials by using a relatively fquick!
and easy! cuestionnaire ‘instrument’.
S The.implibaﬁiCns Of'ﬁatching éhd miéﬁaﬁéhiné
jtteaéhing and.learning.strategies féf.‘ﬁormaif teéching
:H!“'éndiiearningimust be further expldréd;f.Thé;study report -
ed here dealt Only Qith factual rééall from the équivalent
bf:iésé fﬁén:bne'normal 1esson*s:wofth'0f information.
Just whéﬁ écoriﬁg say, fdur points ieés'oﬁ'ohe such test
when mismatched meéns'in:terms'of normal study performance
is not clear. .

Pask and Scott (1972) noted that "since human beings
are highly adaptable it may be possible for an individual
with any sort of competence to learn in the end,
according to any teaching strategy. But the experiments
show, very :zlearly indeed, that the rate, quality and
durability of learning is critically dependent upon
whether or not the teaching strategy is of a sort that

suits the individual?.

2.3: Cognitive Styles Implied in Curriculum Materials.

Of recent, efforts have been made by groups of
science educators to provide r néw and relevant curricula
with better instructional approﬁcﬁég. An important

'“Léharacteristic of the new SCEéﬁcé curricula has been an
H'ihéreased emphasis on bohdepf'fdrmation, scientific
.:principles, inquiry pfobESS, critical thinking and so on
(Tamir and Kempa, IQ?B)O Each curriculum material there-
’. fore shows diétincbi&é.charactéristic orientation, which

B IR Er
HE EAE VR



reflects the designers cogniti&e preference,

In an effort to help meet the widely recognised
need for new tests necessary for assessing new curricula,
Atwood (1968) developed a Cognitive Preference Examination -
Chemistry (CPEC). The test is composed of forty-one items
covering information from the first ten chapters of CHEM
study text.

Atwood compared the performahce on the CHEM semestér
achievement test among groups of students classified on
the basis of frequency of choices on the CPEC. The main
purpose of the study was to support or refute the expect-
ations that students showing a strong preference for M
should he at a disadvantage in CHEM study when compared
with students showing a strong preference for P, @ and A.
And that students showing a relatively strong mixed
preference for M and anyone of the Three others should be
expected to also have difficulty in CHEM study course.

The sample consisted of 775 subjects.

An analysis of variance was used to test the hypothesis.
Means and standard deviations for the groups were also
calculated. Results indicated that subjects showing =
strong preference for memory in combination with a second
cognitive preference tend to be at a disadvantage relative
to CHEM achievement when compared to subjects expressing
other pairs of cognitive preference. In addition, a
strong preference for A is more advantageous
ralative to CHEM achievement than a strong prelerence
for Q and P. In the study, Atwood, appeared not to be
concerned with the identification of cognitive styles of

the pupils.



Mackay (1972) used a cognitive preference test
similar to that of Heath on the PSSC students in
schools in Victoria, Australia. He surveyed PSSC
literature and concluded that the course placed increased
emphasis on P and decreased emphasis on M. wheh compared
with traditional courses, In addition, the course
concentrated on the theoretical aspect while little
emphasis was given to the technological application of
Physics.

From these findings, he derived two objectives for
the course:

{1) Students should develop a greater preference for

Q@ and theoretical extension of information over practical
application of physical information.

(2) Students should develop a greater cognitive preference
for identification of principles over rote remembering of
specific facts of terms.

He thus used two cognitive preference scores {(Q - A:
and P - M) for his test. He was able to demonstrate
changes in the cognitive preferences of pupils over two
years in the direction specified by the objectives,.

However, he did not make clear the significant
ievels of his analysis. He also appeared to accept the
appropriateness of "cognitive preference™ as a measure
of 'cognitive style', bubt gives no theoretical interpret=

ation of either.
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Tamir (1975 and 1977) examined the effects of
school environment, the attitude of teachers towards
an enquiry oriented approach (i.e. curricular bias),
the nature of the curriculum and that of the subject
matter on the cognitive preference styles of students.

An analysis of subject matter content of three
current biology syllabuses in Israzl was made. The
snalysis was made so as to ensure that all information
incorporated in the test fell within the cognitive
framework of the subjects. This content analysis in
addition, was a necessary condition for the validation
of the instrument. The test was a 40-item test.

The subjects were 989 stratified random sample
of Israel 12th grade students. Of this sample, 408
studied Israel BSCS while 581 studied traditional
biology. Their teachers numbered 46. The BCPT was
administered and the graded ratings procedure suggested
by Kempa and Dube (1973)'was employed. Data were analysed
by a computer using means; standard deviations, distrib-
utions, correlations, factor analysis, analysis of variance,
analysis of covariance and t-tests statisties.

Results showed that both the teachers and their
classes have a very high oreferance for principles
(¥ = 112.48) and they do not differ in their preference
either for principles (P) or for principles - application

(P - A).
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It was also obs=rvec :hat while the teachers
ravealed a very high »refereace for § (X = 155..22)
and a very low preferencs ror I (X = 82 .54), their
students exhibited o the average, practically iden-
tiecal levels of preference for R % = 95.17),

3 (% = 96.25) and 4 (¥ = 94.67). Data obtained also
showed that the tvo samples share the negative
correlation khetween @ and R on one hand. And on

the other hanil, while R and £ of the teachers are
negstively correlated cnd constitubted a distinet

no such clear cut relaticnshin was found for
the students. Hence the third rypcthesis was only
partially sunported.

Results also showed that cognitive Preference
stvles of similar students in Chemistry and Biology
were quite different. In Chemistry, all students
tend to prefer & & P much more than in biology, and
the reverse =ppeared to be true regarding @ and "A.
However, it was difficult vo determine whether this
was a result of the nature of the curriculum or the
nature of the discivline.

Or recent, efforts have been made by grouvs of
science 2ducztors ©to provide z new and relevant
curricula with better instructional approaches. An
important characteristic of the new science curriculsz
has Ugen an increas=d emphasis on concent formation,
scientific prineinles, inculry processes. eritical

thinkings and so on f{Panir and Kempa, 1973). One of such
d

=y
i~

recent curricula. is the gerlian Secondeary Schools
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Science Project (NSSSP).

The NSSSP is a group effort of a number of Nigerian
science educators. The Project is an outcomé of an
intensive workshop spensored by the Comparative Education
Study and Adaptation Centre (CESAC), University of Lagos
and is based on the syllabus developed by the 3cience
Teachers Aséociation of Nigeriz (STAN)., There are
students text consisting of three separate volumes of
books, 1, 2, and 3 corresponding to forms £, 4, and 5
régpectively and in each of the three science subjects
of Physics, Chemistry and Bioclogy. Each subject area
also has a teachers' guide.

At the 1969 Nigerian Science Curriculum Conference,

strategies for producing new instructional materials
gimed at correcting the defects in the existing books
were evolved, The ensuing cooperation betweaen CESAC,
Science Teachers Assoclation of Nigeria (3TAN), and some
Nigerian Scientists resulted in the production of the
Nigerian Secondary School Science Project (NSSSP) texts
in biology, chemistry and physies between 1970 and 1972.
There is a WASC sxamination syllabus designed for
evaluating students achievement on the project, often
referred to as tThe WASC alternative zvyliabus.

CESAC's apnroach 2mphasizes discovery learning,
explanation and applicaticn. Rote learning of facts was
discourapgred completely. For This reascn, students were
taken through series of activities to strenghthen their

sxperiences. They werce given enough facts about a subject

|
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forgets thereafter. 7This aprrozach and the attitude

it generaztes, is hizhly superficial and may not
inculcate the habifs of mind that could create

science and use it effectively in solvins Ghe
country's development problems. CESAC takes th2

7iew that sciencz 2ssentilally consists of definitions,
observations, experimentation and analyses. Hence,
none can appreciate the value of science if not
activelv engaged in these fundamental processes in
the course of lezarning science. Therefore CESAC's
approach encourages more active participation. Students
are encouraged (or even compelled by the structure of
the teaching process) to learn by enquiring and self-~
discovery guided procedure’.

Omoifo (1986) carried cut a study in Nigeria to
find out the relationship between the cognitive style
of CESAC and the cognitive styles of students who usad
the materials., She used Heath's model tc analyse the
contents of the Comparative Education Study and Adapta-
tion Centre (CESAC) science curriculum materials (in
biology and chemistry). The purpose was to find the
extent to which c¢laims for the programme designers, in
respect ef helping ctudents develor particular modes
of learning are consistent with the.nature and contents

of the curriculum materials.
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The cognitive styles of students who used these
materiale were also cxamined in relation to the cognitive

styles implicit ir the neture of the curricilum

The subject of the stwly include 308 Chemistry -

Liology students from the 3School of Pasic Studizs (SBS)

Ahmadu Bello University (ABU), Zarin.
The following null hynotheses wer: tasted:-
i) CEBAC (Chemistrv and Biology) students will
demonstrate the same cognitive style as
nott- - CESAC students.

ii) The styles of CESAC students will not be
related to the styles implicit in CESAC
materials.,

iii) CESAC students will demonstrate the same
pattern of cognitive stvles in biology and
cheristry coenitive preference tests.,

The students wers {resh from secondary schools
and were enrolleld for pre -degrec programmes during the
1985 /88 secsion. This seleetion was intended to
control for influcnces of other sciencez textbooks which
they may be using during their course in the 3.P.S.

Her insftrument like cthers, provided four
current possible c¢noices for each of the 40 items,
with each corresponding, to a different type of cognitive

style.
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The test was grouped into two sub-tests:-
(i) a 20-item chemistry sub-test adapted from Ogunsola
(1981) cognitive preference text (OCPT), the Cognitive
Preference Text (CPT) and the Combined Cognitive Pre-

ference Texts (CCPT), rovised from by Tamir (1978).

(ii) a 20-item [icology sub-test adapted from Biology
Cognitive Preference Inventory (BCPT) - second
edition developed and validated by Tamir (1980),

The test was administered to the students on
the fifth day of the orientation programme. This
was to enable most stuldents to register and get
settled for work.

In task analysing of the CESAC textbooks, the
gub-sections of chanter were read, key statements
emnhasising each of the preference modes were identi-
fied. For example, the learning of formulae and
symbols were reparded as c¢mphasis on recall. A
gquestion which critically examines and extends a
given information was accepted as questioning. The
use of scientific fact in industry or everyday 1life
was regarded as application. The mode that was
greatly emphasised was scored four (4). the next three
(3), then two (2) and the least emphasised was score
one (1),

The rating for each chapter of a book was tabul-

ated. In order $o minimise possible bias 2nd increase
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the reliability of data collected, the analysis was done
repeatedly until there was little difference between
the last two analvses. The supervisor also had a check
on the analysis.

Omoifo found that the cognitive styles implicit
in the contents of the CESAC chemistry textbooks
(Pooks I, IT and TII) were more of recall than
principles, application and questioning. On an
averape, the distribution of implied cognitive
styles in the contents of the chemistry texts
(books, I, IT and III) was of the order R> P » A=Q
and in the ratio 43%: 2.2 approximately.

In a subsequent analysis of the cognitive
preference of students whe had used CESAC chemistry
materials, it was found that the majority of the
students were recallers. The mean ratings for the
26 students who indicated that they had used CESAC
chemistry books were found to be 2.8, 2.6, 1.9,

1.8 for R, P, A and Q respectively. From a previous
study, it was found that SBS/ABU Chemistry students
(mest of whe may not have used CESAC materials) showed
a cognitive style of the order R (5)?2 P (3)3 A

(1)=3Q (1) Shaibu and Opunsola, 198%). Omoifo (1986)
also found that non-CESAC chemistry students had a

cognitive style orientation of the order K = P»AS5Q.
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The ratio being 2.5: 2.4: 1.9: 1.8 respectively.
These results suggest that curriculum materials may

have little or no effect on students cognitive

styles.
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2.4; Cognitive Style: the teachers influence on the Students

Teachers do seem to have some measure of influence
on their students cognitive style. If the cognitive styles
of the teachers and students are known, it may be possible
to match teachers with & particular style to students of
that same style. Such a match does have some potential
effects on learners achievement,

Heil, Powel and Peifer (1960) suggested that the
teachers' influence was conditioned by both the type
of teacher and the type of child with whom he deals.
These researchers suggested that the identification and
examination of teacher types and student types may be
crucial for understanding teacher effectiveness. Thalen
(1968) believed that the nature of classroom teaching and
learning was dependent on the particular combination of
students and teachers. He argued that a teacher's
class should be composed of students like those who have
been most successful with him in the past, those who
Thalen described as the "teachable". It is in line with
this that the construct of cognitive style has been
explored by several researchers.

Tamir's (1975 and 1977) works prcvided an insight
of the influence of the teacher on the cognitive style
of his students, since significant differences were found
among students in different types of schools who studied
different curricula and among teachers with different

approaches to enquiry teaching. The differences he found
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with the teachers corresponded to those in the students
preference patterns, which may be interpreted as some
support for the effect of the teacher on their students,
The details of one of his studies are described below.

Tamir (1977) carried cut a study to find out the
relationship between the cognitive preferences of students
and their teachers in Biclegy. This study was an outgrowth
of two previous studies in which significant and substan-
tial differences were found in cegnitive preference
patterns among different groups of high school students who
had studied bioclogy for four years. Biology teachers
(N = 46) of the students (N = 989) participated in the
two studies and both groups were asked to respond to the
same Biology Cognitive Preference Test (BCPT). Thirty-
seven teachers responded. BCPT is a 40~item instrument
to which the subjects responded by assigning a rank of 4
to the mcst appealing and a rank of 1 to the least
appealing statement. The mean responses of the teachers
were compared with those of their classes by t-test,

‘The following hypotheses were tested:-

1. Significant differences will be found between the
teachers and their students in their cognitive preference
scores.

2. The cognitive preference of the teachers will not
correspond to thosc of their students.

4. Inspite of the hypothesized differences in the levels
of cognitive preference scores between the teachers and
their students, similar interrelationships among the four

cognitive preference areas will exist for beth groups.
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Tamir reported '"reasonably" high reliability values
of 0.71 for teachers and 0.73 for students in application,
ranking somewhat lower than the other three areas. Ranges
in both cases are students: 0.73 ~ 0.84 and teachers:
0.71 = 0.91.

The critical test of the second hypothesis was done
in the following manner:- the mean sccres of the classes
for eanch of the cognitive preference a2reas were correlated
with individual scores of the teachers in thosc areas,
When sipnificant correlations were found, the hypothesis
of no identification had to be rejected. Results showed
that both the teachers and their classes had a very high
preference for principles (i = 112.48 using rating scale),
and they do nct differ in their preference e¢ither for
principles or for Principles - Application (F - A). The
high preferenc%?giinciple which was found tc be a general
characteristic of Israeli science students appeared to be
also characteristics of their teachers. It was also
observed that while the teachers reveal a very high prefer-
gnce for Q f? = 115,22) and a very low preference for
R (X = 82.54), their students exhibited on the average,
practically identical levels of preference for R (X = 96.17)
Q (X = 96.26) and A (94.67). On the basis of the data
available the second hypothesis could not be rejected. Zero
correlations were reported between the preferences of the

classes and their teachers. An attempt was made to find
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whether classcs and students in 2 more homogenous setting
may behave in a different manner. The null hypothesis
was s8till not supported.

The third hypothesis was tested by comparing
a) the correlations between the four cognitive preference

areas of the teachers with those of their students,
b) the result of two scparate factor analyses with
varimax rotation,

In addition the effect of the school envirconment,
sex, curriculum, and attitude towards enquiry teaching
on the cognitive preferences cf the teachers were compared
by analyses of variance.

The results showed that out of 36 possible ccrrelations,
none were found in agricultural schools, three in city, and
eight in Kibbutz schools, Of these, cnly in the Kibbutz
schools did some congruence exist between teachers and
clasges. This congruence appears in the area of P and P.A.
On the basis of these results, it may be concluded that
the rcsponses of the students, by and large did not represent
a conforming behaviour to please their teachers, but
rather their own personal prefercnces.

Since significant differences were found among students
in different types of schoels who studied different curricula,
from teachers with diffcrent approaches to enquiry teaching,
gseparate comnarison based cn these independent variables
were conducted for the teachers. In none of the comparisons
were there statistically significant differences at the 0.0%
level. Yet some trends were detected. Teachers in agricul-

tural schools had the highest preference for A (X = 105) and
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lowest for Q@ (X = 102) while the Kibbutz teachers had the
loweat nrefurences for A (X = 92) whercas their prefcrence
for G was identical with that of the city teachers (X = 119).
Thes=2 differences corresvonded to those found in the
students preference patterns. They may be interpretcd

A8 SOmME sunport'for tﬁc effect of the teacher on their
students but an equally plausible interpretation is the
oxistence of an cffect of the school environment on
cognitive preferences. Neither sipnificant difference

nor cven trends, could be found on the effects of the sex
of the teachers, the curriculun they taught (BSCS vs
non-BSCS) or their favouring of enquiry teaching on their
coznitive preferences.

The final data obtained presented the interrelation-
ships amonz the four cognitive preference areas for the
teachers and the students. It showed that the two samples
share the negative correlation between Q and R, On the
other hand. while P and A of the teachers were negatively
correlated ond constituted -~ distinet faetor, no such
clear-cut relationship was found for the students.
Hence, the third hypothesis was only partially supported
by the data.

Schmedemann and La Shier (1967/€8) investigated the
rolntionship between students cognitive preferences nnd
certain teacher characteristics such as teacher's
cognitive preference, teccher wormth, teacher demand and

teacher use of motivation,
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The null hypotheses cf the study were the following:
(1) there is no relationship betwecn cognitive preferences
of teachers and the cognitive preferences of the students,
{(2) there is no relationship betwemn tceachar warmth and
the cognitive preferencee of the students, (3) there is no
relationship between teacher demand and the copnitive
preferences of the studonts, and (4) there is no relation-
ship between teacher use of motivation and the cognitive
preferences of the students.

A total of 250 PSSC tenchers were asked to participate
in the study. The number of teachers who agreed to take
part in the study and indicated that they used the PSSC test
was 31. The tests and inventoriecs were administered by the
participating teachers in Pebrunry, 1666, The classes of
these 31 teachers were placed into either Group O or Group
N according to whether the students had taken the old or
ncew form of PSSC Test Pive. This procedure was used since
there was no evidence that the two forms of the test were
equivalent. The purpose of dividing the sample into two
groups was to make possible the rc-examination of any
significant correlations with the aptitude variable
partialled out. 1In addition the use of two groups provided
for a concurrent replication 2f the study. Since most of
the data which was eonllected were assumed to be ordinal
in nature, nonparametric statistical techniques were

selected as being most applicable te the data,
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The Kendall rank correlation coefficlient was used
for the analysis and the authors concluded that there was
no appreciable interaction between the student s median
cognitive preference score and the teachers copnitive
preference or the students' evaluation of the teacher on
the warmth *‘demand! and use of 'motivation! scales,

Heath (19€/) held that ".....the classes of different
(PSSC) teachers manifest varying performance on the Cognitive
Freference Test., This suggests that teacher - effects, as
well as curriculum effects, can be identified by Cognitive
Pretference testing®.

In their study, Schmeddemann and Lashier did not give
reasons for choosing to administer the test to PSSC students
other than the fact that, the test had already been used by
Heath. They madc no attempt to discuss what was being
measured. There were weighted measures arbitarily selected
af'ter inspection of PS3C goals (WM = WA = I; WP = 2, WQ = 3).

2.%: Methodolopical Issues and the Treatment of Cognitive

Styles Data.

To get at what goes on in the classroom, interactionists
use classroom observation technlques. The approach had
been used to describe typical classroom behaviour as a model
for teacher preparation. There are two approaches to class-
room observational studies:- the direct and the indirect
approaches. Under this section, a review is made of the

indirect approach to e¢lassroom observation.
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Result indicated that there were no statistical sign-
ificant difference between ipsative and normative subtests
in 'P', 'Q' and 'P ~ A'. The differences between R, A and
Q - R were relatively small. A higher 'Q' and lower 'R
cognitive preference pottern of students following inquiry -
oriented curricula was found, confirming the results of
carlier studies (Heath, 1964; Kempa and Dube, 1973). This
performance pattern represents a very high level of intelle-
ctual curiousity and desire to learn more.

It was also found that students who had *A' grade
in their high school bisclozy had higher preference for
principles, 'P' than do the '3' students. Non-secience
majors had the lowest preferences for recall while premedical
students had higher preferences for 'P' and 'Q'. Students
in higher grades i.c. who have spent more time in the
schecol had on the average lower preference scores for R
and higher preference scores for 'P',

No statistically significant differences were observed
in cognitive preferences among groups of the sample divided
according to gmender, religion and hobby. Students in the
sample were much curious about information of a biological
nature than about that dealing with miercobiology. They
also preferred applied asvects of botany to application of
other topiecs such as evolution. Similar effects of subject
matter specifically were reported by previous studies
(Tamir, 1975), but the magnitude of this effect was not

estimated.
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The reliance on "objective™ sources of information about
students, as in the use of observers and recorders to judge
students bahaviour, has heen criticised recently.

A major use of classroom observation studies has been
to describe typical types of behaviour as models for both
teacher preparation and behaviour modification.

Martins (1984) identified the prevalent behaviour
among the Nigerian Secondary School students in their science
classes. The approach to identifying students behaviour was
indirect, as opposed to the better known direct classroom
observation tochniques. In the study, instead of relying on
data gathered and anzlysed by cexternal observers, science
education student teachers who had had more than one year

teaching experience, were requested to imagine and deseribe

tne intellectual transactions of five typical students in
their science classes.
The student - teachers description of their students
behaviours were classified into eight-paired categories
of students behaviours: Attitude to rules and regulations
(1) Personality (2) Intelligence (3) Attitude to Peer group
and teachers (4) Attitude towards science (5) Attitude im
science work (6) creativity (7) and self-concept (8). The
students behavioural descriptions appeared as polar adjectives.
Since these adjcctives contrasted with those that are
to be found in classical direct classroom observation studies,

it was felt inadvisable to disregard the role and judgement

of the teachers in the assessment of their students.
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Martins approach to "indirect observation" has been
employed in the present study to identify the students cognitive
styles (using the tcachers).

2.6: REST DEFINING ISSUE TEST (DIT)

The CPT format of Heath (1964) has been found to be
problematic when it comes to scoring and the stem is suggestive
of the keyed cognitive style., To get round the problems, the
Rest (1974) Defining Issue Test (DIT) offers itself as another
means of reverifying the cognitive style construct and their
distribution among the subjects for the present study. The
DIT approach has been reviewed under this section.

The teaching of attitude which is somewhat comparable to
Cognitive Style is notoriously difficult. Rest (1974), like
Heath, has pioneered a means that has the potential to cause
measurable changes in moral judgement. He constructed the
Defining Issues Test (DIT) to assess crucial moral issues in
situations involving moral dilemmas. The DIT is a widely
used instrument which has been employed in assessing over 100
different samples in four countries (Rest, 1977).

The DIT consists of six hypothetical stories and subjects
were required to evaluate a set of 12 issue -~ statements.

The subjects rated how important each issue statement was in
deciding what ought to be done. This was a recognition task
which enabled the subjects to reason. In addition, the
subjects were required to rank four most important choices,
making objective scoring possible. Each of the 12 issue -
statements associated with a story was written to examplify

some characteristics of cne of the stages of moral development.
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For the details of the DIT and how it is used, the reader
ia referred to Okatahi (1984). Okatahi (1984) modelled her
test upon the Rest (1974) Defining Issue Test and using

the same approach for Nigerisn subjects. Okatahits study
was an attempt to increase the moral judgement level, locus
of control and self-concept of individuals.

The subjects coislisted of 112 undergraduate students of
Abmadu Bello University, Zaris, Nigeria. They were randomly
assigned to experimental and control groups of 55 and 57
students respectively. The experimental group was randomly
re~-grouped into four discussion sessions,

The following hypotheses were tested:

(1) Moral dilemmsa discussions sheuld directly enhance
subjects' principled reasoning.

{2) Moral dilemma discussiocns should enhance the subjects?
locus of control.

{3) Moral dilemma discussions should enhance the subjects
selfl - concepts.

(4} There 18 a relaticonship between subjects, scores on

moral judgement as measured by the Defining Issues Test and

thelr scores on locus of contrcl as measurcd by the Internal,

powerful others and chance scales.

(8} There is a relationship between moral judgement as

measured by the Defining Issucs Test and sclf concept as

measured by the Revised Personal Attribute Inventory.

{(6) There is a relationship hetween locus of control as

measured by the Internal, Powerful others and chance scales

and self - concept as measured by the Revised Perscnal

Attribute Inventory.
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The treatment involved discussion of six structured
moral dilemma stories. Each experimental sub-group had
one hour per week discussion session for six weeks. At
the end of the treatment sessions, both the ¢xperimental
group and the control proup responded to three questionnaires.
The instruments cmployed were Rests (1974) Defining Issues
Test, 2 measure of principled level of moral judgement,
Levenson's (1981) Internal, Powerful other’s and chance
scales, a measure of locus of contr2l and the Revised Personal
Attribute Inventory, a measurc of self-concept.

Multivariate Analysis of Variance (MANOVA) statistical
method was employed to teat hypotheses one, two and three.
Hypotheses four, five and six were tested with stepwise
multiple regression analysis.

The findings of her study supported hypotheses one,
two, four and six, but “idnot support hypotheses three and
five,

Okatahi has demonstrated thd potentiality of the Rest
approach in our cultural setting. In the present study the
approaches used in Regt Dilemma Stories and the Criterion,
measuring devise zhu OIT! 13 £> b2 be %riz? in the

experimental com~o.ani a3 tha treatmenat for tha oroun.
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2.7: Can Cognitive Style be Shifted Through Training?

On the stability of cognitive styles, Witken et al
(1967) axpressed the view that cognitive étylea are conparat-
ively stable overtime znd tn 2 large degree independent
0f" the nature of the information presented to the learner,.
This view has been criticised by Glaser (1970), who
argued that it is the teacher who directs and disciplines
students thought processes and c6 influences their
cognitive styles.

A number of literaturc has hecn reviewed here to
cxamine the possibility of shifting students cognitive
stvle. Most published works suggest that the construct
of cognitive style is teachable.

While approaches to training have always been
identi®ied as of paramount importance, relatively
little concern has been shown for the part the
learner can play in his own learning. The learning
strategies used by the learner remain, for the most
part, private and subconscious. If learners are to
cope with constant retraining then they must be
regarded as beineg instrumental in their own learning.

To neglect the importance of the learner in learning
1z to cast aside n valuable resource potential,
espite the fact that ‘training' receives more
attention than 'le~rning , in recent years there
has been a prowing intercst in the question of helping

people to learn how tc leaen (Rigney, 1978. Bransford,
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Stein, Shelton and Owings, 1981, Perry and Downs, 1985).
The success of thie new impetus rests on whether the
"ability to learn" is innate or learned., If individuals
are born with a given complement or facility for learning,
then perhaps little can be done to help them acquire more
effective ways of learning. If this is so, the answer
to learning will focus on the best training aids. If
however, learning strategies or skills c¢an be improved,
then the learner can be introduced to more erficicnt and
apnropriate ones.

Many believe that an individual can be helped to
develop gzood ways of learning and as a result there
is a growing emphasis on how to learn (process),whereas
in the past it was sufficient to assess what had been
learned (product), (Rigney, 1978, Bransford et al, 1981).
The success of learning rests on many variables.

Perry and Downs (1985) set out to examine what
was meant by learning strategies and skills. According to
them, strategies, tactics and skills were some of the
words used to express the processes of learning. There
was no ideal word, but Perry and Downs (1985) decided to
select "strategies” to portray the many types of events
or processes which take place when learning occured,
The skilled learner made appropriate choices not cnly
of media (where 2pplicable) but also of the mental
strategies relating tc the learning material, for instance,

to practise and repeat or question what has been learned.
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Furthermore, the learner must be aware of how best to manage
resourccs in order to maximize learning. In doing these,
the learner may be said to be skilled at learning or to have
good learning "strategics”. Rigney (1978) defined learning
strategies by referring to them as "those operations or
procedures that the studcnt may use to acquire, retain and
retrieve different kinds of kncewledge and performance™.
Farthermore, he made a uscful distinction hetween learning
or cognitive strategies which are "embedded, and those which
are detached"”. An embedded strategy was not identified
independently of the subject matter, in constrast with a '
‘detached' cognitive strategy. Unless a learning stratecpgy?
was made overt during a training course, then the strategy
may fail to be assimilated by the learner and therefore
not be transferred to other learning tasks. When this happens
the strategy remains 'embedded' within the subject matter,
Some researchers believe that the traditional
way of teaching does little to enhance the development
of learning strategies, Knowles (1972) made a distinection
between 'knowing how to léarn' and "how to be taught'.
He refers to the proactive education system which develops
few learning strategies and compares it with reactive systems
which encourage many strategics to be developed. Clearly,
Knowles emphasized the importance of changing the learning
envircnment in order to bring about a change in the learning

strategies demanded. Mumford (1981) sought to make managers
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aware of the learning opportunities in the environment
by learning consciously and understanding more about
their own learning stratepgies. Mc(Call, Bryce and
Robertson (1983) recognized the need to change the

way the teacher traditionally assessed students

works, from giving global tests at the end of learning
to being much more involved in the process of learning,
thereby identifying stratezies and problems.

Not all learning strategies are expected to be
developred Ly merely changing the learning environ-
ment . Some studies focussed on heloing learners to
identify their own strategies/styles {(as in the present
study). Cibbs (1981) for instance, found group
discussions useful as an initial orientation to
students to pay attention to and value their own
experiences in learning. Similarly, Perry and Downs
(1982) realized the value of learners' experiences.
They gave tasks to be learned, then asked for
strategies used followed by a group discussion.
Learners could then identify new ones and try them
out in subsequent tasks.

Howe (139b2) stated that those students who could
isummarized’ a text had an advantage over those who
could not. Readine was found to be more effective for
learners who employed a cyclical mode of ‘reading to
learn”, proposed by Harri - Augstein et 21. (1982),

than those who did not.
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From the many studies on learning strategies,
there seems adequate evidence that they can be
learned and used effectively by learners not only in
the training task, but also generalized to other
tasks. If the cognitive atyle is seen in this
lipght, then these previous studies suggest that
cognitive style itself can be shifted through
training.

Smith and Eramblett (1581) worked on the effect
of teachers vagueness terms on students performance
in High School Riology. Since vagueness terms appear
to represent a global variable that influences
achievement across subject areas such as secondary
school social studies and mathematics, one might
suspect that the use of vagueness terms also would
hinder achievement in science. One objective of the
study was to determine whether a high frequency of
teacher vapgueness terms negatively influences
learning in high school biology.

A second objective of their research was to
determine whether vacueness terms affect student
perception of lesson effectiveness in biology.

Smith and Land (1980) reported that a high freqgqnency
of teachers vagueness terms in mathematics negatively
influenced students perception of lesson effectiveness

(and student achievement). However, Smith and Land
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administered the achicvement test before the perception
questionnaire, and they questioned whether the order

of administration of these two instruments had a
bearing on their results. Therefore Smith and
Bramblett's study investigated the effect of teacher
vagueness terms on student achievement and student
perception of lesson effectiveness, as well as the
effect ¢f the order in which the achievement test and
the perception guestionnaire were administered.

Hizh school biology students (n = 48) were each
randomly assigned to one of four groups defined by
possible combinations of two teacher vagueness
conditions (high vagueness versus low vagueness) and
two post -~ lesson condition (test, then lesson
evaluation versus lesson evaluation, then test).

Each of the four groups observed a 13 minute videotaped
lesson on the vascular system of angiosperms. The

only difference in the videotaped lesson was the
frequency of vaguencss terms. The instructor did not
appear on each of the videotapes: only his voice and
corresponding overhsad transparency projections were
taped. Taveggia (197%) reviewed research that
indicated there was no significant difference between
achievement of students lectured to face-to-face and

achievement of students presented videotaped lessons.
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Student comprehension of the lesson was determined
by administering a 25-item multiple choice and matching
test. The items focused on the concepts covered in
the lessongs. The test was assumed to be valid and
reliable since it was based or items in the testing
manual that accompanies the student textbook. The
students also were administered 2 9-item lesson
evaluation in which they rated the teacher and lesson
on a scale from 1 to 4 points for the following
items: (1) The teacher was confident, (2) I was
confident of the materials being presented, (3) The
teacher was serious about the lesson; (4) The teachers
explanations were clear to me; (5) The teacher stayed
on the main subject very well; (€) The teacher really
knew what he was talking about (7) The teacher did not
seem nervous (8) The teacher was prepared; and
(9) The teacher did not seem lazy. Smith and Land
(1980) reported that this cluster of items enabled
students to differentiate significantly between
teachers they felt presented clear lessons and teachers
they felt presented unclear lessons.

A 2 (low vagueness versus hirch vaguceness) X 2
(post test, then questionnaire versus questionnaire,
then post test) anzlvsis of variance was performed
on the student achievement score zs well as on the

lesson evaluation scores., The mean achievement scores
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for the four experimental conditions indicates that
neither the main effect due to order of post test

and evaluation gquestionnaire nor the interaction
between vagucness and order of testing was significant.
The vagueness main effect was significant, at F (1.44) =
5.42, P0,05.

Treating zach of the nine response items as
dependent variables, 2 x 2 analyses of variance
indicated that the main effect due to order of
testing was not significant for any of the items.

The varueness main effect was significant beyond the
0.05 level for item 1, item 3%, item 5, item 6, item 7
and 8. All significant differences were in favour of
the low vagueness condition. The conly significant
interaction (P{0.05) between vagueness and order of
testing was for item 7, in which students who were
presented the high vagueness lesson perceived the
teacher as being more nervous if they responded to
the lesson evaluation questionnaire before they took
the post test.

The findings of this study indicate that
vagueness terms represent a global variable that
affects student learning across subject areas including
secondary school biolory. Infact it bore the conten-
tion that a high frequency of vagueness terms causes

pupils to perceive the teacher as being unconfident,
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disorganized and unprepared, regardless of the
substantive content the teachsr presents.

It is important tc note that in Smith and
Bramtlett s (1981) study, five vagu2ness terms
occurred in the low vapueness lesson even though
the authors intended to eliminate all such terms
from that lesson. This illustrates the ease in
which vagueness terms are interjected into communication.
The authors therefore concluded that if teachers are
asgisted to acquire more knowledge of the material
to be taught, to develop more confidence, and to
avoid annoying speech mannerisms, then they would
be able to reduce the frequency of vagueness terms
below the threshold level at which learning is
affected.

Smith and Bramblett's (1981) study had thrown
some light on the extent to which the teacher
vagueness term do affect students achievement.,

One may argue that too much of the vapueness terms

used led to most students being recallers.

Of rvarticular interest to the present researcher
are the facts that Smith and Bramblett employed a
2 x 2 design and analysis of variance on post-test
assessments. The subject matter taught was controlled
by videorecording the Essons which were delivered by

the regular class instructor. The experimental pre-
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cautions taken by Smith and Bramblett notwithstanding,
some shortcomings of the 2 x 2 factoral desigh have
been extensively discussed by Campbell and Stanley
(1963). BEoth authors pointed out that the Solomon
4-proup desiegn, which the present researcher plans
teo use, takes account of external validity factors.
By ensuring the egquivalents of Experimental and
Control groups initially, both the main effects of
testing and the interaction of testing and treatment
are determinable. The offcet of treatment is
replicated in four different fashions: 03}01, 02}0u,
05'-0b and 05)03. By comparing g 0, 2nd 03, it is
possible to observe the effect of maturation and
history, and thus increase the strength of the
inference arising therefrom. Smith and Bramblett's
experimental design iz to be adapted in the present

study.

2.8: SUMMARY

From the literature reviewed in this section, the
concept of cognitive style has been variously inter-
preted. Cognitive style has been used gimultanecusly
with Cognitive preference, learning strategies and
learning skills. Similarly, the categorization within
each concept is varied. Thess variations notwithstand-

ing, have not croded the structure and significance
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of ceztegories within them. Rather there is a

remarkable resemblance {(and points of convergence)

in the characteristics which describe the various

categories. Heath's 4 mode model appears to be

particularly useful in the context of scisnce teaching.
Several of the studies point to the statistical

significance of the differences in cognitive styles

-

between successful science students @ 1 the less
succes..ul ones (emp2 and oubc, 197> Ogunyemi, 1573,
Durnotte, 1974 and Okebukola, 1984) .

In general high achievers tend to exhibit a
higher degree of scientific curiousity and lean
distinectly towards the pure science side, while low
acnievers lack scientific curiousity. However
Jungwirth (1980) had a different explanation. He
asserted that high achievers are so because “they
know more than low achievers”, That is_  they are
familiar with more topics and/or have more information/
knowledge at their disposal. The issue he argued,
is that of familiarity. If this is so, students who
are exposed to a mode of teaching which is consistent
with higher cognitive functioning (such as application
and questioning) should be expected to exhibit
behaviours which are appropriate for these cognitive
styles. However, this observation remains to be

verified, as it is conceivable that in an experiment
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which compares a didackic approach to an application
questioning epproach, more contents would be exnmected
to be covered in the former than in the latter.

On the cognitive stvle of curriculum material,
Heath (1264) and Mackay (1972) have demonstrated the
variation in corsnitive styles between students that
used ths PSST literature against the conventional or
traditiopal ones. Omoifo, on the other hand, found
similarities between her CESAC and non-CESACs students.

The literature reviewcd hag also provided insicht
on the influence of the teacher on his students'
cornitive stvle., The teachers' coenitive style tended
to correspond to those of his students, which has been
interpretved as some support for the effect of the
teachers coscnitive stvle on their students cognitive
style.

On the methodological issues and treatment of
d~ta, Tamir and Lunnetta compared the relationship
between the ipsatcive and normativ: systems of
responses and found no statistical significant
different between the two subtests in P, L6 Q and 7-A.
The differences between R, A, @ A were relatively
small.

From the many studles on cognitive styles,
there seems to be zample evidence to suggest a

desired cognitive stvle that can be taught and learned,



86

and used effectively by learners not only in the
training tasks, but also generalized to other tasks.
These studies therefore suggest that cognitive style
itself can be shifted through training.

Dkatahi (1984) has demonstrated the potentials
of the D.I.T. approach for teaching affective attri-
butes in our cultural setting. The D.I.T. has been
used by Rest (1974) to assess crucial moral issues
in situations involvinege moral dilemmas. And it is
proposcd for use in the present study for the treat-

ment class.



Desipn and Procedube

The present study was partly an attempt to

replicate an earlier study on the prevalent cognitive

strles amons chemistry students and partly to test the

possibility of shifting students cognitive styles in

2 desired directian.

3.1:

The Design:

There were four parts to the design of the study:-

(i)

There was a paper and pencil chemistry

test following a Heath's {1964) model,

The test consisted of twenty (20), lour

options multiple choice items.

Each response

corresponded to one of Heath's conception of

copnitive preference (R, P, Q, A).

The stems

of the items were diagrams or verbal state~

ments covering the physical, organic and

inorganic aspects of 3chool Certificate O-level

examinations in chemistry.

of the
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(ii) There was another paper and pencil cognitive
style test, designed along the Rest (1974)
D.I.T. model. It consisted of ten short
rassages. pach passage presented an issue
in chemistry or chemistry context in which
respondents were required to take a decision.
The issue was presented in a stem, followed
by four possible responses, each response
corresponded %0 one of leath s conception
of cognitive preference (R, P, &, A). The
use of the D.I.T. anproach offers a promising
alternative way of re-~verifying the existence
and distribution of the cognitive style cons-
cruct. The approach also offers itself
readily for teaehing 2ffective development
as its potency has earlier been demonstrated
by Okatahi (1984). These instruments were
administered to the students in this study
in a nre and post-test desipgn.

(iii) A survey of the teachers perception of their
students cognitive styles was carried out
using the same instruments and as a confirma-

tion of the students cornitive styrles.

The teachers were given two sets (with different
colours) of the response sheets for these latter parts.
One set was for the teachers to complete about their
own cognitive style. TFor the second set, the teachers
were requested to indicate which option (style) per item

is likely to be the choice of the majority of his students,.
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The application of this indirect methed should
provide further evidence to support the claims of
the students. The results of some recent studies
sugpested that this indirect approach yields definitely
different and probably more dependable data from direct
observations (Beam and Horvart, 1975; Martins, 1984 and
Mahuta, 1980).

(iv) A auasi - experimental set up was used to
test the teachability of cognitive styles. The
arproach used here was similar to that used by Smith
and Bramblett (1981). They employed the Solomon U-way
‘“re -test, post-test) desipgn as described bv Campbell
and Stanlev (1963), In this desirn, a randomly
selected sample is assigned to one of four groups of
an experimental desizn as follows:-

I. Random Sample: Pretest ------ Post test (ci)
II. Random Sample. - Post test (C

P 11)
III. Wandom Sample: Pretest treatment Post test (Ei}

IV. Random Sample- treatc.. it 1ost test

e~ 1:11)

For the present study, (5 students in a diploma class
were randomly assigned %o two main groups, i.e. the exp~-
erimental and the control grouns. These two groups were
further sub-divided into two groups. One half of each
croup had the pretest to conform with the pattern above.
Initiallv, about 100 students had been admitted to this
proegramme and it was planned to assijyn students equally
to the four eroups as theyv arrived. The first 23 students
who came into the class the [irst day were assigned to E_1

and the next 19 students were assigned to C1 in day I,
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then the next 14 students were assigned to try and the
last pgroup oF 11 students were assigned to CII in day
IL

The main difference between the experimental and
the control is that the two experimental classes had
three weeks of treatment. whereas the control class had
three weeks of normal lectures, At the end of the
three weeks, all the groups had the nost test.

In order to reduce external threats to the validity
of the observe? data, CII and EII were introduced,
While Cyy showed the effect of the pre-test on the
subseauent administration of the test (test-wise), Pt
hirhlishted the effect of history and other threats,

3.2. The lature of the Criterion HMeasure:

In deciding on what criterion to use, the mean
cognitive style for about 70 randomly selected chemistry
students from the SBS/ABU [aria were examined in a
preliminary study, using insative analysis. Results
showed that subjects preferences were in the order of
Recall (£0.9%)-) Principles (57.17)- Ec-lication (42.61)
-} Questioning (41.82). It was found that the greatest
diffarence oceured between Recall and Questioning.

It was therelore felt that if the treatment was effect~-
ive, it should be felt most dramatically in the shift
from Recall to Questioniniz, "The experimental design
model should show the effectiveness of the avplied
treatment between these two strles. 'The treatment and
its effects were Lherefore focussed on the change from

R~ Q. Thus, if the treatment was effective, not only
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would the means of the post test scores of the experimen-
tal subdb~pgroups bLe greater than the means of the pretest
(EI post ~test YE: pre-test and EII Post-tast CI
pretest) but the means of the post-test for the experiment-
al sub groups should he consistently preater than the
weans of the post test for the control subgroups (EI post
test ;C; Post taest and E

Post~test ) Post ~-test).

C
I 11 IT
The differences should also be statistically sienificant.

3.3: Instrumentation

The first instrument was a 20 - item teat. based
on SBS/ADU entrance examinations over the years 1975-81
and structured to conform to the format suggested
by Heath {19%64) and Kempa and Dube (1973). The format
provides for multiple c¢hoice questions with four all
correct options. Each option corresponds to one of
the four different ways in which students prefer to
be taurht or the easiest way to remember scientific
informetion i.e, R, P,A, 0. (Shuaibu 3% Ogunsola, 1983).
A typical item in the test was: Carbon occurs in
the free states as diamond and eranhite.
a) These are called the allotrones of carbon.
b) These are the two 4different nhysical forms of
carbon but with the same chemical properties.
¢) Diamond is attractive and in mreat demand for
jewelry.
d) There are other non-metals. such az sulphur

which exist in free states.
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Selection o7 option (a) adds to the students'
recall memory sccore, while selection of option
(b) adds to Principles Score. Option (C) refers
to the practical apolication area and option (d)
refers to the ecritical questioning area.

The second instrument., which was the D,I.T.,
was a ten item four options, multiple shoice test,
The stems of the items followed the format of
Payette (1967) and Rest (1574), in which 2 number
of passages or situations relating to issues in
chemistry, such as Fractional distillation, Hardness
of water, Atomic Strueture, Boyles 1law, the Kipps
apparatus , Melting of candle wax, writing of
Equations, Deliquescent substance, Gases and
the allotropes of carbon, which are ©o be found
in the School Certificate O-level examination
were nresented. Each situation was followed by
four possible choices, each choice corresponding
to one of Heath's Conception of Cognitive Preference;

a) Recall of Speeific facts or memory

t) Practical application

¢) Identification of Fundamental Principles

d) Challenging or Critical questioning of

information,

Respondents were asked to choose that response
which best reoresents their reaction.
Payette's (1967) approach which is Parallel

to Rest's (1974) Defining Issue Test, offers another
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means of re-verifying the cognitive style construct
and their distribution among the students for the
present study.

A corresponding item in the test is as follows:-

THE ALLOTROPES OF CARBON

It's pgetting to six o’clock this evening and some
students decided to go for 2 stroll around the staff
quarters. A few meters from where they started, Jide
picked an enragement ring with a diamond stone. They
all stopped and had a look at it in turn., Which of
the four comments (a2 - d) is closest to the one you
would have made?

"Diamond and Graphite” said Yomi "are the free
states in which Carbon occur”. Others replied:-

a) They are called the allotropes of carbon.

b) They are the two different physical forms

of carbhon but with the same chemical

properties.

(o]
L

Diamond is attreactive and in a great demand
for jewelry.
d) There are other non-metals, such as sulphur

which exist in free states.

The instruments also covers personal data such
as students name, Leachers name, sex and name of inst-

itution. 4
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3,4t Validity and Reliability of the Instruments;

All items in tne . ter nool were submitted to a panel
of 11ne Judges to ‘ete m!.e whether the item options fit
th¢ particular construct: they were written to represent.
The e Jjudges .ncluce Zour chemistry lectureess (including
tho~* that helped in the design of 0CIT) from chemistry
Dep: ‘tment A.B.U.; Zariz, three chemistry lecturers from
Adv: iced Teachers College znd two post-graduate students
fro the Faculty of Fducation with a chemistry background.
All he Jjudges fr~xz thc University Depsrtment of Chemistry
hol doctorate degrees in chemistry @nc have not less than
fiv. years teaching experiences, All the Jjudges from the
Adv 'ced Teachers College anla at l:act a masters degree.
The ‘est items were selected after tne judges had reacted
to ~ .em.

All corrections and suggestions were used to modify
the 'inal test items which were later piven to the students
and .eachers. Where more than a member of the panel
dis: srees on a particular item, such 2n item was replaced
with a suggested alternative which was further subjected
to ~ne Panel's assessment. When an item received a consensus
of &a:ireement among Judges, that item was included in the
pool that was administered. At the end of these exercises,
the consensus of opinion wf the Judges was presumed te
provide credibility to the claim for face validity of the

instruments of this studv.
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3.4.1 Reliability of the Heath's Mode?

The instrumznt used in the present study was
adapted from Omeifo's (1986) 20 chemistry sub-test.
The 20-item test was itself adapted from the L0-item
Ogunsola Cognitive Style test (0C5T) for chemistry.

The originsl OCST was structured to conform to
the format of CPT supgested hy Heath (1364), Mark
(1967) and Kempa and Dube (1973).

The reliability of the instrument was estimated
at 0,86 using the split half (odd-even) method.

The Cronboch alpha internal consistency ceoefficient

for each style in the instrument (40 item. N=156)

was calculated to be R=0.84, P = 0,63, A = 0.54,

Q = 0,52, These coefficients are of the order rencorted
by Tamir and Kempza (1977).

Tamir (19£5) reported that the original CP? and
CCPI tests have reliesbility coefficierts (Cronbach
2alpha internal consistency teet-retcst, Split - half
and Kuder Richardson 20) of the order of 0.75,

0.67, 2.76, 0.67 for R, P, ¢ and A respectively, for
tests with 4C items and these values were relatively
stable with a test in which the test items were not
less than 20,

3.4.2: Reliability of the D.I.T. Model

The DIT is a widely used instrument which has
been employed in assessing over 100 different samples
in four countries (Rest, 1977) In justifying the
use fulness of the DIT, Rest stated that this instru-

ment represents:
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.«++.the most thorough investigation of the
homological network of relationships yet
conducted of the moral judgement construct,

and no other measure of moral judgement has
demonstrated such consistently, high relia-
bility and validility involving so many different

populations.

Williams (1975) desceribed the DIT as the hest
available instrument for measuring the extent to which
large numbers of students have developed in the
direction of giving weight to "the interests of myself.."”

Okatahi(13984) reported that tests using the
six delemma stories of the type in DIT generally
had reliabilitv coefficients of the order of 0.6. With
an inereased number of such issues, as in the present

study, the valuc should be enhanced.

3.5: The Subjectc for the Study

The subjects for the present study include the
students and their teachers:-

i) All the chemistry teachers in the Collepe
of Agricuiture, Samaru and the College of
Apriculture and Animal Science, Kaduna,
constituted the teacher group. There were
three such teachers altogether.

ii) All the chemistry students in the Kaduna
College of Agricuiture constituted the
students group. They were 69 students

altogether. Most of these post-secondary



97
school students had attended a pre-technical

course “n on2 of the colleges, where they

offered Chemistry in their subject combinations.

3.6: The Irocedure.

In a nrevious study. the School of Basic Studies
(SBS) students’' copnitive styles were identified
(Ogunsonla, 19€1). 1In order to obtain further validation
of this distribution among nost secondarv school
students, the sane procedure was replicatcd with a
different group of chemistry students, using Omoifo’'s
1986 instrument.

The gzeneral class of the College of Agriculture,
Kaduna who was studyving chemistry as a nre-requisite
for their courses was chosen. This class., which
was a post-secondary class, was presumed to be the
equivalent of SB3. The class is, more amenable to
en experimzntal treatment since the researchers
teaches the class. However, group equivalence with
the SBS must first Le established, and hence the use
of Omoifo's instrunent in the preliminary study. The
results of this preliminary studyv indicated that
most of the students tended to recall and were least
inclined to questionine and application in the class-
room. This rcsult confirmed Ogunsola (1981) findings.

The pretest was administered in August 1986
during the second week of resumption in the college,
after a forced break. Abaut 42 students who were
the early arrivals completed the pretest instrument

during their normal chemistry period.
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The researcher answered all questions requiring
clarification. A week later, almost all (62) students
had arrived and they were randomly assigned into two
major sroups, Oroup ¥ and C. Groupn E was the experimental
class while group C was the control class. In each of

these proups, there were those whe took the pretest and

those who did not.

3.7: Experimental Treatment:

The subject matter taught was controlled by
video~recording the lessons, which were delivered by
the researcher who was also the regular class instructor.
The experimental group was tausht in a mode which was
geared towards questioning (using the DIT model). For
the control group, the usual lecture method was used
as much as possihic. Both approaches were presented
as appropriate, using the video-recorded modes.

The content arca covered within the three weeks
were .- water irnurities and purification: solutions,
solubility and solubility curves:; osmosis; air
composition and fractions of the air that takes part
in chemical reaction. These toplics were part of the
syllabus meant for that term.

For the experimental class, each lesson started
usually with a short dilemma story and students were
required to listen carefully and respond to the
assipgnment that followed. A typical example from
the first lesson on water impurities and purification

is given helow:-
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Sati,who is from a well to deo family, has just
been transferrsd to 2 secondary school far away
from home. Unfortunately for her, she arrived in the
school when there was water scarcity. She was then
directed to a nearby stream where she couid get enough
water for her washings.

Being Sati's first time of going to such a placé,
she was naturally cxcited. But on getting there and
seeing the condition of the water, she stood motionless,
observing the stream for a few minutes.

Now write down one possibhle question or reservation

you may have if you were Sati,

After a few minutes and or a random basis, some
students were s2lected to read out their guestions/
reservations while the teacher writes them on the board.
The list of responses includad the following:-

1) Why is this water so dirty?

2) Is this the only source of water around here?

3) How can I get rid of the leaves, weeds and other
impurities in this water?

'} The water may contain some other insoluble
impurities, that I ma2y not be able to see,

5) What happens to the soluble impurities? How can

I et them out?

For the first two questions, the students were
asked to sdv-onece possible reasons for dirty wsater
and to list other sources of water. The acceptable

responses were written on the board.
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Tor the last toree guestions, the students were
directed to nerrorm in sroups some experiments (typical
laboratory exercises) such as filteration Uoiling,
distillation, c¢te. which will lead them to pet rid of
the insoluble and soliuhle impurities., The teacher
went round exnlainins zach step taken to the students
and answering stulents’ cuestions.
Finally, the teaczher evaluated the class by
asking some questions such as:"-
1) List the various sources of water,
2) How can one remove the visikle insoluble impurities
in water?
3) Suppose T have a sample of sea water which contains
dissolved subhstances, how can I get rid of these?
4) What other t e of immurities can we have and how
can one w2t thon out?
9) Compnare the boiliaz method to the distillation

proc2ss as repards removal of impurities,

The accentsaile resoonses were again written on
the board which formed the summary of the lesson and
notes for the day.

For the contrel class, the teacher came in and
wrote the topic *for the day or the board. She intro-
duced the lesson and asikwd the students to list various
sources of water and why some are dirtier than others,
The students were oiven somz samples of water to
observe and the teacher eox¥plainad to the students how
the observed immnrities in zach samnle can he removed.

They were then dir«cted to oorform the filtration to
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remove the visible impurities, boiling the water to
pet rid of the tiny living nlants and animnals that
can only be szcpn wsing the microscope sand distill the
water to remove the: soluble impurities.

She finally evaluated the lesson using thgngame
type of questions as for the experimental group students
rcsponses were as2in written on the board as summary
of the lesson and notaez for the day.

The whole exureisc lasted for three weeks, with
a Sallah br=ak in hitwiesn., A post-test was later
administersd to all the 69 stulents, at the end of the

threc weeks neriod,

3.8: The Treatment of Data

For cach item of the 30-item tests (19 in D.I.T.
and 20 in Heath'’s moucl), there were four reésponses.
It had alreadr Lecn noted Lhat each of the four resp-
onses is scientifically a correct response to its
correspondin~. stem. Thus, the responses yizlded ipsative
data, since all the responses under each item were
equally correct, Students were asked to indicate
their nreference by allotting four (4) marks to the most
preferred option, three (3) to the next. then two (2)
and one (1) for the least nreferrod choice.

In the analvsis of data which was cone using the
computer services of tne University, it was found that

the data was not normally distributed and the assumptions

. 3. 0 1A
5 10 MAY 1388
,:a\z»mm.“lw
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underlying the use of ANOVA were not sustained,
Hence the non-parametric statistics was used. A cri-
terion level of 0,07 was set to test the three null

hypotheses ,namelv:

i) The cognitive stvle distribution anmong
the four classes in the experimental design
is not significantly different.

ii) Thre cornitive style distrivution among
students is not significantly different from
their teachers classification (percerntion).

iii) The experimental treatment has no significant

effect on the cognitive style distribution.

For the first hvpothesis, 2 contingency table for
frequency distribution of resvondents on the four
cognitive styles was set up. The non-parametric
X?-statistic was considered appropriate for this
analvsis because the data were only freguency counts.

For hypotheses i1i and iii, the Mann - Whitney U
test was considcred appropriate. The U test is used
to compare the difference between two population
distributions, as an alternative to the varametric
t-test. The assumptions underlying the use of the U
test are that the two samnles are randomly and
independently selected, there is an underlying contin-
uous scale of measurenent and the scale must be at
least ordinal. 7The U test uses the rank sum. If two

distributions of egual size are identical and the
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oLservations from each group are lined ur in rank
order . from smallest to largest, then the scores from
the two groups sheuld be well mixed in that ordered
sequence. The number of scores in the first group
that rrecede each of the scores in the sezond group
should equal within sampling error the number of scores
in the second group which precede each of the scores
in the first group.

The assumption underlying the use of the U test
were satisfied in the present study.

The U test was used L0 compare:-

i) The DIT vs Heath sub-tests:

ii) The teschers perception Vs teachers atyle;
iii) The teachers vzrception Vs students style;
iv) The control and the experimental classes.

v) The pre=test and the post-test scores,



CHAPTER FOUR

RESULTS, ANALYSES AND DISCUSSIONS

This chapter contains the results, analyses and
discussions of data collected from the students and
teachers, using the D.I.T. and Heath's instruments,

The former instrument is a ten-item four - optior
multiple choice test and the latter is a twenty - item
four - option multiple choice test. The test covered all
the major areas of chemistry, and subjects were requested
to rank all four responses according to their preferences
by allotting four marks to the most preferred option,
three to the next, then twe and one for the least
preferred choice. Each option however, corresponded to a
different type of cognitive style. The responses yielded
ipsative data, because all the responseg under each item
were equally correct.

Since the major problems were to assess the distri-
bution of cognitive styles among chemistry students using
both models (D.I.T. and Heaths) and then attempt to shift
the students cognitive styles, the students were divided
into two major groups (the experimental and the control
groups ) as discussed in chapter three. A total of three
hypotheses were tested.

4,1: Results and Analyses

The students were randomly assigned to four different
groups in order to ensure that group differences were

minimal at the start of the experiment.

104
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The first hypothesis tasted was that "the cognitive
style distributism omong the four classes in the
expirimental design was not significantly different”,

To test the first hypothesis, the distribution of
sub, :cts per item per cngnitive style (Recall, Principles,
Appl ~ation and Nuesticning) was summed up per sub-test
(Hea" 1 and D.I.T.) for the L2 students who took the
pre~" st.

Table 1T below shows the sums of ratings for each
cognit.ive style for the experimental group (Eq) and the
control group (C, } on the pre-test mnsing the Heath's |
(20 1t~ms) model ana the D.I.T, (10 items) tests. TheJ

observed frequencles are derived by summing the rating ih.

students
for ¢ ch style given by { in each sub=-group, over 10

P

items (D.I.T. .odel) and 206 items (Heath's model) .,
respe: tively. ' %&

Table 1I: Observed and Expected Freguencies of Respomnses
of the Students in the Experimental and Control gl

Groups (Pretest) (N = }j2)

R
B

DIT MCJEL {10 items) ' HEATH'S MODEL(20 1tems)
Safn~
ple R P A @ R P A Q
Size

B, Prc 23 683 62 65 1u16 1260 906
(687) (612) (4&9) (393) (1427) (1247) (908) (929)

C, Pre 19 §16 hOB 1 1216
1 C531) (5263 (LOL) (339) (1199) (10£$) (?2%) (78%)

Total L2 1278 1138 873 732 ~|2626 2294 1670 1709

1.75.1.55 ¢+ 1.19 1 1.57: 1.37: 1: 1.02
RY PS> A au R>P>» Q3 A '
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In an earlier study of cognitive styles among
SBS/ABU students, Shuaibu and Ogunsola (1982) reported
that 49 nercent of subjects showed preference for
recall. 32 percent for principle, 11 percent for appli-~
cation and B8 percent for critical questioning. The
general order of prefercnce was R  P) A-) Q and the
distribution was in the ratic of 5: 3. 1: 1.

From Table II above, the D.I.T. model confirms
the direction of the earlier study, although the
magnitude of their ratios differ somewhat.

Since the results were frequency counts, the X2
statistic was employed to assess the independence of
the distribfition of cognitive styles among Subjects.

For the D.I.T. model, the calculated X? = 0,50 at
df = 3 and N = 42. The critical X° value was 7.82.
The calculated xz value was therefore not significant
at 0.05 level of confidence. The first hypothesis
that there will be no initial difference in cognitive
styles between F and C groups, using the D.I.T.
model, was supported, confirmins group equivalence at
the start of the experiment.

For the Heath's model, the result showed that x?
= 0.83 at df = % and N = 42, The critical X° value
was 7.82. The czlculated X° value was again not sig-
nificant at 0.05 level of confidence. The first
hypothesis of no initial difference in cognitive style
distribut ion using the Heaths model was again supported.

both sub-tests suggest that at entry, there were

probably no group differences in cognitive styles,
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In order to confirm the results obtained in Table II,
the mean ratings per cognitive style was calculated.

Table 1III shows the mean ratings of the students.

$ABLE IIT

Mearn ratings per Cognitive Style
for the Experimental (E,)

and Control (C,) Groups

1 »
(Pretest)
N = 42
DIT MODEL ‘ _ IEATH'S MODEL
Sm-p .._'l- e - 1 - - - | (- 3 -
sizel] R | p | a | o |Total R p |a |q |[Toval

E, Pre 23 129,70} 27 04}20.22 |17-00| 93.9¢6 61.30 | 54.78139.3%'0.65{196.12

C, Pre 19 [31.32} 27 1€6|17.7414.83] 91.05 64.00 | 54,42 [40.2940 .74 199,37

TOTAL 61.021 5520 |37.96 |31.83 1185.01 | | 125.70 [109.20[75.6d81.39] 395 .49

RYPYAYQ ROPIOYA

For the D.I.T. model, the caleulated X°=0.29 at df = 3 and
N = 42. The critical X° value was 7.82. The calculated X°
value was teerefore not significant at 0.05 level of confidence.

For the Heath's model, the X? value was 0.07 at df = 3 and
N = 42. The calculated value was again not sienificant at 0.05
level of confidence. This result confirms the results obtained
in Table 11.

Therefore the first hypothesis that there weve no initial

differences in cognitive styles between E and C groups, using

the D.I.T. and Heath's Model, was supported.
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In order to ascertain the distribution of cognitive
styles among the students their teachers' perceptions of
the students copnitive styles were identified.

The hypothesis tested was that "the cognitive styles
of the students as assessed hy their nreference in the
two tests were not significantly different from their
cognitive styles as assessed by their teachers”.

Tn order to assess the extent of the influence of
the teachers copgnitive styles on their students, it was
necessary to first assess the teachers cognitive styles,

The teachers were given two sets of the 30-item
test (10 for DIT and 20-items Heath's Model),

One set was for the teachers to complete about their own
cognitive styles (TS) and the second set was for the
teachers to indicate how the majority of their students
were likely to react to each item (Teachers Perceptions,
TP)«

The two groups (teachers and students) constitute
two independent grouns and the measure of their cognitive
styles and the teachers perception were ordinal mcasures,
at best. For these reasons, the Mann-Whitney U test was
considered appropriate for testing the second hypothesis.

Table IV below shows ths analysis cobtained using

the computer services of Ahmadu Bello University.
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TABLE IV
Teachers Perception Versus Exrerimental
Students Cognitive Styles in the

Pre-test. (TP Vs El)

D.I.T. ¥ODEL _ HEATH'S MODEL
; Sanp:h:‘. ; } - = } o = |. - H = ' -
Size | R | Pl | Q R P A Q
i
Pre 23 [13,00§12,55{13.90{ 13.80 12.60{ 13.30{ 13.80{14.10
* 117.20{18.39}18.20] 11.50 20.30] 15.30 11.20| 8.30
23,501 18.,50{24,50| 28.50 14.,00| 29.00) 27 .50] 20 .50
u.;sl 0.20] 0.43] 0.63 0.10f 0.64 0.57| 0.26

P gives the probability level at which U becomes
significant. Although, therc was a remarkable difference
in Recall in the Heath's Model, the difference was not
significant. From the overall results obtained, the
difference in R, P, A and Q styles between the Experimen-
tal class that had the Pretest (E,) and the teachers
perception (Tp) was not statistically significant.

Table V below shows the analysis obtained for the

teachers perception and the oretest for the control group.
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TABLE V

Teachers Perception

Versus Control Group Pretest Scores

DIT MODEL _ HEATH'S MODEL
i Samﬂgg -1 - [ | I
Size y R | P | A | Q | | R P A Q
c, Pre 19  {11.10{18.70{12.30{11.80 11.00{11.00 |11.90| 12.30
IP 3 |14%.20]16.70{ 6.%0} 9.70 14.50(|14.50| 8.70| 6.30
i 20.50{13.00}13.50123.80 19.50{19.50 j20.00 | 13.00
P 0.44) 0.14] 0.15] 0.€0 0.39{ 0.38]| 0.41| 0.14

From the results obtained above, there was no
significant difference between the teachers' perception
of their students stvles and the students self-
demonstrated copgnitive styles. Hence the second
hypothesis could not be rejected.

A major concern in this study was to finl out if
students cognitive styles can be modified in a desired
direction, Such a change should manifest itself in the
effect of the experimental treatment.

The relevant null hypothesis tested was that
"the experimental treatment would have nc significant
effect on the cognitive style distribution".

It is pertinent to note that half of the experi-~
mental class (Ei) and Control class {Cl) had a pretest,

while the other halves EII and C did not have the

II
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nretest. This design is consistent with the Solomon
L-group design that was adopted for this present study.

To test the hypothesis, the students in the
experimental class went through three weeks of lecture
geared towards (uestioning, while the control class
had three weeks of their normal lecture. At the end
of the three weeks. a post-test was administered to
see the effect of the treatment.

In order to determine the erfect of the treatment
on the experimental class, the Mann Whitney U-test was
used in the paired comparisons.

Table VI below shows the comparison of the exper-

imental pre - and post - tests results.

TABLE VI
Experimental Pretest (El Pre) Versus

Experimental Post test (E, Post) Results.

DIT MODEL HEATH'S MODEL
- r T

el - | ~ | - | - NN A A

Size R P A Q R P A Q
E1 Post| 23 22.80} 25.00; 25.00} 16.90 | 21.40) 25.50} 24.70} 25.30
E1 Pre 23 25.201 22.00! 22.00} 30.10 25.A01 21.50| 22,30 21.70
U 225.001226.00:229,00 112.00 215 50 1219.00 {236,00{222 .00
P 0.38] 0.437 0.43]0.01* [ 0.28! 0.321 0.53] 0.%

*Significant U at P{ 0. 05
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From the results above, there is a significant
difference in the Questioning style when F:1 Pre - and
post - tests were compared in the D.I.T. Model. There
was no such statistical difference for the other
styles.

However, the e{fect of the treatment seems to
have increased the preferences for Principles (P) and
Application (A) and decreased the mean values for
Recall (R) and Questioning (R). This means that more
students were Recallers and Questicners in the pretest
than in the post test. This is the reverse of what
was expected from the experimental treatment.

The Heath's :.2del showed that there was no
statistical difference in cognitive styles between
the two groups. However. in this latter model, the
mean values for Principles (P), Application (A) and
Questioning (Q) increased and the mean value of
Recall (R) decreased as would be expected. This shows
that the training has some effects on Principles,
Application and Questioning, although these gains
were not statistically siznificant.

S0 the third hypothesis was rejected for the
D.I.T. Model as it affected the preference for Q, but

could not be rejected for the Heath's Model.
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If the treatment had any significant effect, then
the superiority of the Experimental group should be
evident in EI,l Post ) Cl post -~ tests, The C1 post-test
should be about enual to 01 pre~test scores, since
the control sroup has had no treatment and the effect
of nistory over the threec weeks treatment period was
assumed minimal.

Table VII below shows a comparison of the Expcrimen-
tal (El) group post - test scores against the Control

(Cl) post-test score:s

TABLE VII

Control Versus Experimental Group
Post Test Scores

(C, Poat Vs E, Post)

1 - |
_ DIT MODEI o HEATH'S MODEL
]
Size R P A Q R P i Q
01 Post| 16 21.80{ 18.70{ 25.60{ 20.00 21.3%0 { 19.70| 22.50( 21.%
x~:1 Post] 23 21.3%0 ] 23.3%30! 18.20¢ 22.70 24,20 | 23.00| 20.70} 21.%
U 213.50 [164.50]141.501190.50 211.00 i184,50{199.00(213.50
P 0.901 O.l?l 0.05*] 0,48 0.5 0.29] 0.62 0.90

* Significant U at P( 0.05



114

From the results above, there is a significant
difference only in Application in the DIT Model. However,
the effect of the treatment seems to have increased the
preferences for uestioning (Q) and Prineciples (P) in the
DIT Model, and Principles (7) in the Heath's Model. These
latter pains however were not statistically significant.
S0 the third hypothesis was rejected for the DIT Model
as it affeocted the preference for A, but could not be
rejected for the nther cognitive stvles and the Heath's
Model.

Table VII below shows the effect of training by
comparing the experimental group (EII) post - test scores
with control group (Ci} post-test scores.

The EII group did not have the pre-test but the CI
group had the pre-test. IfT the treatment was effective,
EII post-test scores should be sipgnificantly and consist-

ently greater than C; post-test scores.
TABLE VIII

Experimental (E;;) Post Test
Versus Control (CI) Fost -test Scores

D.1.T. MODEL HEATH'S MODEL
=3 ; o . 2 ]
Saplei - § - 4 -~ | - ) - -
Size | R | P A 1 e | R P A Q
| ! A ; }
Epp Post | 1f il?.lb 20.60| 16.30| 16.10 ! 20.20 | 15,20 17.30| 17.10
Cp Post 19 | 16.6C} 15,90] 19 40§ 19.30 16,20 | 26.30( 18.10| 18,60
U 24.50 1112.501125.50 1126.50 117.50 1107.52 150,00 |141.50
'p 0.36| 0.19| 0.38} 0.40 0.25! 0.14) 0.%5| 0.73
il - I
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From the resnlts Jn Table VIII above, there is no
sigrificant differenc= hetween FII and CI posi -test
scores in both models Tut there is ar incre=se in the
me=n scores for Recal) {R) and Frinciples (P) in the
D.I.T. Model, and Mecall (it} only in the “‘eath‘s Model.
HYence the third hvnothesis could not be rejectec for both
aodels .,

Tahle IX is ~n 7zsessment of the effect of testing,
by comparing the Ex-erimnental aroun (EII) with the Control
grous (Cyp) nost-test scores. [oth arouns 4.7 not take
the pre-test, but the z2xoeriwmental group had the treatment
Thus, if the treatment was effective. then this should

be evident, as the exoerimental scores should bz greater

than the control arou. scores.

TAELD IX

Control Croun ECIT} Versus

Experimental Groun {EII)

POstC test Zcores.

_ D.1.T. MODEL HEATH'S 1ODEL
: ] T~ 1 i
Samnle I - { I- ' ) ' - - = -
5ize | R f 2 Aol | R P A 2
¥ I ’ " ' l ; :
% . Post | ! sl | ; P l
2 i 16 .13 0011540 115.60{ 12 .60 | 17.60,12.70{11.50 | 16.50
! | : i : ‘
(o Post' 1 ’1; w'u 10 'n 60] 16. 101 f 12 .30115.30}17.60 , 10.10
u | *72 S0§66. 00 62 orﬂ 65 oc.. i 75.00! 67.00] 46.00 | 45.00
; i i ,- |
p ' | 0.44] u.z'? 0 1)! 0.::5' i 0 52 0.30{ 0.05% 0.05*
| A S S ]

* sho''s the sianificant U at »:0 .05



From table IX above, the experimental group means
were preater than the control means in Principles (P)
and Application (A) in the DIT Model. In the Heath's
model, the experimental group scores were greater than
the control group scores for Recall (R) and Question-
ing (Q). A statistically significant difference was
obtained in Application (A) in which more of the control
students rated this style hipgher than the experimental
students. Another statistically significant difference
was recorded with Questioning (Q). However, experimental
students rated Questioning (0) higher than did the
control students, as would have been expected. Thus
the third hvpothesis was rejected for the Heath's model,
but could not be rejected for the D,.I.T. model.

Table X is a further confirmation of the effect of
testing on the control group. If the pretest has had
residual effects on the control group (CI), it should
be evident in the pattern of scores of EII nost -against
CI pre-test scores. EII post - test scores should
evidently be greater than CI ore - test scores, if the
treatment has had any significant effect and the effect
of testing is removed. Since the experimental group
(EII) had had no pretest but had a treatment before the

post - test, any difference between EI and CI should

I
probably Le attributed to the effect of the treatment.
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TABLE X

Experimental CGroup Post test Scores (EII)

Versus Control Group Pre-test Scores {CI)

D.I.T. MODEL ___ HEATH'S MODEL
Sample | - - - b - |- - - -
Size | R P A Q R P A Q
19 1&.50l 15.90| 16.90| 18.30 18.20 18_90i 16.80} 16.60
|16 1170 2000} 10.60) 12.60 | | 2770 16.50} 19,80, 19.70
z
h42.50 h13.001130.50 1146.00 :147.50113&.00'129.50 124,50
| r : :
{ 0.75 | 0.19] 0.47] 0.8%4 [ 2 SBI 0.55| 0.46] 0.36

From the results in table X above, there was an
increase in the results from 0y to Eqq for Principles
(P) and Application (A) in the D.I.T. model, and an
increase in Application (A)and Questioning (Q) in the
Heath's model. There was an appreciasble difference
for Principles under the D.I.T. model, and no signifi-
cant difference was observed, when the two groups were
compared,

Therefore the third hypothesis could not be rejected
for both models. Table XI and XII present summaries of
the means of post -~ test scores for the four subgroups,

for the D.I.T. and Heath's model respectively.



TABLE XI

Mean Ratings ver Cognitive Style

of Post

E

No Treatment

1-1 EII!

- test

C, and C
-

Scores for

(D.I.T. Model)

0
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Treatinent

b - | - - - - - - | - |Total
R - P | A | 9 | R p A Q -

Pre - R l Pre- | i |
tested [RR.78127.16{2% 74120.58 [tested |25.2028.65|21.22|20.871200.1
CI Post i EI Post
n = 19 (31)] ()] (23)] (@0)In = 23 | (30)] (29){ (22)] (20)
No Pre- bis ore-
test 32.55 127 .54 120,91 119.00 [test 31.31129.00(22.00{17.75(199.96
Cr1 1
Post (31)} (@8)| (23)] (20) fpest | (30)i (29)¢ (22)] (20)
n=11 i n = 16
Total F1.2% [54.70 {44.65|39.58 l_f_‘,o.51 57.65 143,22 |28.62 {400.06

Comparing the column means in the table above in

order to determine the main effects of treatment, it was

found that therc was a consistent inerease in the mean

scores for Principles when the experimental groups were

compared to the control groups,

Thers was also an ine-

rease in the mean scores for Apnlication, when the two

groups without

inecreases were

were not arcas

pretest were compared.

Although these

targetted for the experiment.

.in favour of the experimental group, they

The object
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of the experiment was to shift students cognitive styles
from predominantly Recall to Questioning. It would

seem that the treatment has nof bez=n effective for this
purpose, with the D.I.T. model.

Although the increase is not consistent with a
particular style, the effect of treatment was more
pronounced with Principles (P) when the total means were
compared (see Table XI).

In comparing the rows to determine the effect of
pre - testing, it was observed that there was an
increase in the means for Application and Questioning when
both control groups were comparcd with each other.

There was a s milar increase in the means for Questioning
when both e¢rperimentsl roups were compared with each
other.

These results suggpest that pretesting may have
some effect on the Questioning style, suggesting a

residual effect of prior knowledge: the more the students

knowy the more they tend to ask questions. Although this

increase has not been shown to be statistically signifie
cant, the 2mpirical evidence was supported by the
classroom experience and observetions of the experimenter.
Students tended to ask more auestions (consistent with
the Questioning Style of Heath) as the experiment pro~

gressed.



further X2 analysis, the calculatced X value was 0.97
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When the results in Table XI were subjected to

-

3
at df = 7 and N = 69, The critical X© value was 14.07.

The calculated %X~ value was therefore not significant

".;2

at 0.05 level of confidence.

TABLE XII

Mean Ratings per Cognitive style
of Post -- test Scores for

EI’ F’II' CI and CII

{Heath's Model)

No Treatnernt _ Treatment
]

- - - - - - | - |mota

P P 1A ) P Al q
Pre- Pre-
tested 56.68] 55.42 |42 TUI U5 .47 tested | 58.33| 57.35] 40.7H4{43.70| 400 .43
Cy Post (60)] (55) (44)] (W2)|E; Post| (61)1 (55)f (H1)} (43)
n=19 n =23

- S -
No pre- No pre-
test 62,40} 55.20|45.10137.60 test 63,751 52.69; 41.38] 41881 400.00
|

i st | (eoy| (s5)) )] @)lBrx POV (sny| (sm) )| w3
n=11 l " jn = 16
Total fi19.08i110 62|87, 641 83.07 122.08 110.0hi82.12 85.58] 800, 43

In comparing the column means to determine the

effects of treatment on the Heath's Model, it was found

that there were increases in the mean values for Recall
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and Principles when C; post was compared with E; post.
There was a similar increase for Recall and Questioning
when CII post was compared with EIT post .

In order to determine the effect of pretesting on
the Heath's #2adel, the row means werc compared., It
was observed that thare was an increase in only Question-
ing when Cpp Post was compared with C; post - test mean
scores. The increases were in Principles and Question-~
ing when EII was compared with EI post-test mean Scores.
It should be noted that in these comparisons of means
to show the ¢ffect of treatment, both Recall and
Guestioning had an appreciable gain with the experimental
groups.

The Heath's model suggests that the treatment
that was meant to produce more Questioners tended to
produce more recallers and gquzstioners. The D,I.T. on
the other hand suggests that the treatment produced
more students who now prefer principles,

In both medels, for the pretesting, the comparison
showed increases in the Questioning styles. This
outcome sug~ests that the pretest may have helped the
students more to become Questioners than the treatment
administered.

Back in the mid-sixties, Ausubel and Gagné were
the fcrerost proponents of the concept and effects of

prior knowledge. Ausubel (1963) has argued that the
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provision of apnropriate "cognitive structure" is

far more important and has a more lasting consequence
on what is learnt, than other instructional considere -
tions. His »re-eiminent concern is with the ways in which
the materiale of instruction can be organised to
facilitate integration into the learners organised
structure of knowledge. Tha2se ideas have often been
referred to Ausubel's subsumption theory.

Gagne (1968) extended Ausubel's ideas further to
include modes of knowledpe accuisition in science.,
Gagne arguzsd that these modes of knowing or intellectual
skills were most effectively tranzferable and were of
most permanent worth to the learner. He therefore
proceeded to represent the intellectual skills struct-
urally in learning hierarchies. A well articulated
learning hierarchy in a topie., according to Gagne,
would show in. an increasing level of complexity the
capabilities that must be acquired as prior knowledge.

It does seem therefore thet the exhibition of
'superior copgnitive styles' such as questioning and
application would require minimally the Ausubel's
prior knowledpge at the recall level to serve as advanced
organisers. The pretest and the treatment serve this
purpose. Few people who do not have the advanced

organisers would thereflfore be expected to be questioners.
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The results in Table II suggest that at entry
into the Collepge of Agriculture, there were probably
no group differences in cognitive styles among subjects
using the D.I.T. and Heath's models of cognitive style
tests. The calculated ¥° values of C 50 and 0.83 for
D.,I.T. and Heath's respectively which were not
statistically sienificant at 3df confirmed group
equivalence at the start of the experiment.

The results also suggested that the Collepge of
Agriculture students had higher preference for Recall
(R) and Principles (P) than for Application (A) and
Questioning (Q) in both models. These results
corroborated earlier results which sugpest greater
preference for R and P (as against A and Q) among
Nigerian students at comparable levels of education
(Shuaibu and Ogunsola, 1982; Okebukola, 1984 and
Omoifo, 1986). This result is also consistent with the
results of earlier studies repo~ting the predominance
of teaching styles which encour :ze Recall and Memori-
sation in secondary schools in Nigeria (Bajah, 1975;
Shuaibu, 1979 and Attah, 1981). Since most of these
College of Agriculture students were freshers from
the secondery schools, it was not surprising that
students will selecl preflerzntially a cognitive style
test - item which was consistent with the method of

instruction "1ith» wrish they were most familiar.
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While tne order of cognitive preference using the
D.I.T. model was R} P-) A @, students’ preferences using
the Heath's model was R-) P=) Q2 A, suggesting a tendency
for students to choose more of the Questioning style
than Application in the model postulated by Heath (1964)
and populariscd by Tamir (1983%). But the order in the
D.I.T. model confirms that of an earlier study by
Shuaibu and Ogunsola (1982), Tamir and Kempa (1978)
also found that Israeli children had a general order of
preference of P~ )R- A= Q.

The basie dilferences between the D,I.T. and Heath's
cognitive tests were:-

1) The D.I.T. was a 10-item test, wherecas the Heath's
model was a 20-item test. (This difference accounted
for the larger frequencies in Heath's model than in the
D ET)s

2) The Heath's model was structured to conform with
the format suggested by Heath (1364) and Kempa and

Dube (197 3). The format provides for multiple choice
questions with four 2all correct options. Each option
corresponds to one of the four different ways in which
students prefer to be taught, that is R, P, A, Q.

Wherezs the stems of the items in the DIT
followed the format of Payette (1967) and Rest (1974)
in which a number of passages or situations relating
to issues in chemistry were presented. Each situation

was also followed br fou rossible shoices, each choice
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corresponding to onec of Heath's conception of cognitive
preference R, P, A, Q.

Payette‘s (196€7) approach which was popularised by
Rest (1974) in his Defining Issue Test, offers another
means of re verifying the cognitive style construct
and their distrioution among the studcnts for the
present study. The approach also offers itself readily
for teaching affective development as its potency
has earlier been demonstrated by Okatahi (1984),

In order to have an equitable bhasis for the
comparison of the two models, the mean ratings of the
students in the experimental class and control class
followed by a x2 analysis were computed for both models
(Table III). The calculated'xg values of 0,29 and
0.07 which were not statistically significant at 3df,
supggest that both tests were comparable. It also
confirmed group equivalence of the students at the
start of the experiment.

The second research problem compared the students
cognitive styles (as demonstrated by their responses
to two tests) with their teachers' perceptions of the
students styles. It is pertinent to note that the
number of students was far greater than that of the
teachers. This disproportion might be explained by
the fact that the College offers chemistry as a
remedial course only for two out of the first three
terms in the year and as 2 pre requisite for students'

subsequent courses in agriculture.
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The results in Tables IV and V showed no statistical
differences between the teachers' perceptions and the
students' exhibitesd coonitive styles in both tests.

But it should be noted that an appreciable difference

at 0.092 confidence level was obtained for Recall when the
experimental sub-group with a pre-test was compared witr
the teachers' perception in the Heath's model., This diff-
erence was however not statistically significant.

In order to confirm the results obtained in Tables
IV and V. the mean rating per cognitive style was calculated.
Table XIIIand XIV show the meanr ratings of the students and

teachers:

—

' TABLE XIT I
Mean R £ings per T giitive 5 "yle for the Teachers
Percention versus Experimental Students’® Cog-
nitive Stvle in the Pretest.

N =26

DIT MCDFL : HEATH'S MODEL

- - .

Samle - | - | - | " | ofal s 121 ala

sizel R | P | a | o Total

E,Pre 23 129.70127.04120.22 17 .0C 93-951I 30.65127.39{19.70120.33} 98,07

Tp % 133.671%1.%3118.33}16.07 {100.00 33.,5012G.50119,17]17.84]100.01
TOTAL 63.37158.37138.55 |33.67 |193 9, | 64.15/56.89) 36.6738.17 |198.08

For the D.I.T. model, the calculated X° = 0.47 at
df = 3 and N = 26, The ecritical Xf vaiue Wa8 7.82, The
calculated XE value was therefore not signitficant at 0.05

' el of confidenece.
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For the Heath's model, fhe mean scores were halved to
place it on the same scale with the D.I.T. The x? value
was therefore 0.36 a2t df = 3 and N = 26. The calculated
value was again not significant at 0.05 level of confidence.

This result conflrms the Tesults obtained in Table

I‘V‘.
TABLE XIV
Mean ratings per cognitive style for the
" Teachers’ Perception Versus Control
Students cognitive Style in the
Pre-test
N o= 21
D.T.T. MODEL HEATH'S MODEL
' ¥ i ! 1 [
[w] H 4
Sample! - = = - pu - - - 2 _—
Size | R | P | A | g | TV R P | A | g |TOTAD
C, Pre | 19 |31.32127.16[17.74]14,.83) 91.07 32.00{27.21(20.10(20.37| 99.68
Tp 3 73,67 31.73%1{18.33116.67 100 32.50129.50119.17 |17 .84|100.01
TOTAL, 64,99|58,49136,07 | 31.501191.,05 | | 65.50156.71139.2738.21{199.69

For the D.I.T7. model, the calculated X° = 0.08 at

21. The eritical ﬁf value was 7.82. The

af = 3 and ¥
calculated X? vdlue was therefore not sipnificant at
0,05 level of confidence.

For the Heath's model, the mesan score per style
was divided by two to place it orn the same scale with the
D,.I.T- The‘X? value was 0.32 at af = .3 and N = 21, The

- N
eritical X5 value was 7.82. ‘"he calculated X° value was
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again not significant at 0,05 level of confidence. This
result confirms the results obtained in Table V.

It was suspected that the teachers could be giving
information about their own styles (mirroring themselves)
rather than their students’ styles. To partial out the
effect of the teachers own style (TS) on their percepticns
of their students' cognitive style (TP), the two groups
were compared, using thc Mann-Whitney U-test.

Table XV below shows the analysis obtained for these

groups.
TABLE XV

Teachers Perceptions of Students Cognitive

Style versus Teachers' Own Style (TS)

D.J.T. HEATH'S
saplel - { - [ - | - . -1 - [ -
Size R P A Q R P A Q
TP 3 3.80| 3.20| 3.70| 3.00 3.%01] 3,30} 2.30| 2.70
TS 3 3.20| 3.70| 3.30: 4.10 3.70| 3.70| 4.70] 4.30
U 3.50| 4.00| 4.00| 3.00 4.00] 4.00f 1.00} 2.00
P 0.66] 0.82| 0.8} 0.51 0.82] 0.83| 0.10| 0.27

The results in Table XV showed that there were no
statistical differences between the teachers perception of
students' cognitive styles and the teachers own cognitive

styles in Loth tesis Although an appreciable difference
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was found for Anplication in the Heath's model, there was
no statistically significant difference between the teachers
cognitive styles and students cognitive styles. This
result tallies with Tamir's (1975, 1977) works which provided
further insight on the influences of the teachers on the
cognitive styles of his students. Tamir found that the
differences in the teachers cognitive styles corresponded
with those of the students preference patterns, The results
may be interpreted as some support for the effect of the
teacher on their students.

From the table, it was found that the students and
teachers' styles agrce most closely on Principles and Applica-
tion in the D.I1.T. and Recall and Principles in the Heath's
model. Tamir's results showed also that both the teachers
and their classes had a very hipgh preference for Principles
(X = 112.48, using 2 rating scale).

In a typical classroom, both the students and the
teachers continually interact with the materials of instruc-
tion. Thas the cognitive orientation inherent in ik
instructional materials can also influence the learners'
cognitive style.

Omoifo (1986) examined the extent of this influence using
the CESAC biology and Chemistry curriculum materials. The
results of her study are pertinent to the present study and

has been referenced crtensively,
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Omoifo adapted two parallel Heath's type of tests,

consisting of 20 itema each in chemistry and blology. The
purpose was to find out if CESAC students will demonstrate
the same pattern of cognitive styles in btiology and chemistry
cognitive preference tests. The rating procedure in which
the most preferrcd style was rated four points and the

least , one point, was usad and this therefore produced
ipsative data.

Omoifo also analysed the CESAC text materials using
the method of rating to find out the relationship between
the cognitive slLyles of the CESAC materials and the cognitive
styles of students who used the materials. The mean
cognitive style for both the respondents and the curriculum
materials in chemistry and biclogy were determined by
dividing the frequencies per style by the total number of
respondents and lesson units in the textual materials
respectively.

The theoretical proportion of subjects cognitive styles
that would probably be associated with the curriculum
materials was assessed, using a 13 test of independence.

The result showed that there was, no statistical basis to
support the hypothesis 2f the dependence of the two variables.
Hence it was concluded that the styles of the CESAC chemistry
students were probably independent of the styles implicit in
the CESAC chemistry test material. The influence of the

CESAC chemistry text book on the students cognitive styles

must be minimal.
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This was further confirmed by (moifo's second finding
that CESAC and non-CRESAC science students admitted into 8BS
Por the 1985/06 session had similar patterns in their cogn-
itive styles. The general trend was R-) P} 4-) Q.

One would have expected that students who used curriculum
materials that were purportedly designed to teach enquiry‘
skills,characterised by Q, & and P would show greater pre-
ference for these cognitive styles. However, there was no
evidence that CESAC curriculum materials had influenced the -
users' cognitive stvles,

The similarity of the subsequent cognitive styles of
CESAC and non~-CESAC students was hardly surprising.
Practically every concelvable advantage claimed for the
development of the newer curricula has been a matter of
controversy in published works on classroom instruction.

In an earlier study, Kanu (1984) demonstrated that users of
CESAC and WARC traditional bioclogy programmes did not differ
significantly in their subsequent achievements in a pre-
degree (SBS) programme. These findings put the curriculum
efforts associated with CESAC to question,

The third research problem was concerned with the
possibility of shifting students cognitive styles in a desired
direction, through teaching. The preference was from Recall
to Questioning. In order to detect the effect of the treat-
ment administered, four sub-groups were COmp&Pedn.

Table VI shows the comparison of the Experimental proup
(EI) pre~test and post-test scores, The post-test was

administered three weeks after the experimental treatment.
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The¢ results obtained showed that there was 2 significant
difference in Questioning stylc using the DIT approach but
there was no such difference in the other styles. The
Heath's model did not produce evidcence to support the claim
that the treatment was effeciive,

There was an increase in the mean values for Principles
(P) and Application (A) in the post-test results of the DIT
model and increase in Principles (P), Application (A) and
Questioning (Q) in the Heath's model. These increases,
except for that in Ouestioning in the D.I.,T. model, were not
statistically significant.

In corder Lo coniirm the results obtained in Table VI,
the mean rating per cognitive style was calculated. Table

XVI shows the mean ratings of the students.

TABLE XVI
Mean Ratings per cognitive -tyle of
Experimental (El) pre~-teit and

Post - test Score:.

N = 46
DIT MODEL HEATH'S MODEL .
Saple, - 1 - | - | - 175 T=1 =4 =
sizz| R | P | A | q | TR R p | A | q | TOTAL
Ey Post 23 |26.22 28.65 ‘21.22 20.87] 99.96 29.15128.€8)20,37|21.85] 100.08
E, Pre{ 23 [29.70/27.04 p0.22117.00f °3.96| | 30.65[27.39|19.70/20.33 98.07
TOTAL, 58,9:!'55,59 [ 3T.871193.92 59.83156.07| 40.07| 42.18] 198.15
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For the D.I.T. model, the calculated X? was 0.28
at Af = 3 and N - 4G, The critical X5 value was 7T.82.
The calculated x? value was therefore not significant at
0.05 level confidence.

For the Heath's model, the mean score per style was
halved to place it on the same scale with the D.I.T.
The X° value was 0.11 at df = 3 and N = 4. The calculated
value was again not significant zt 0.05 level of confid-
ence. This result confirms the results obtained in Table
V.

Table VII was also lintended to show the effect of
the treatment by comparing the Experimental (El) group
and control (Ci) group post - test scores. Resalts
obtained from the table showed a significant difference
for Apvlication in the D.I.T. model but no such difference
was observed in the Heath's model. Differences in the mean
ratings were noted in Prineciples (P) and Questioning (Q)
between E, and CJ in the DIT apprecach and in Principles (P)
only in the Heath's model respectively. These differences
were however not sienifieant The two sub-groups had the
pretest before their post - test. As such, the treatment
effect should have been more clearly seen in the E1 group,
if the treatment was really effecfive, The significant
difference obtained with the DIT model in Application

raises a fuhdamental nnestien on the validity of the DIT.
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It would seem that the DIT was picking differences where
it was not expccted to pick such differences.

In order to confirm the results obtained in Table VII,
the mean ratine por cognitive style was caleculated., Table

XVII shows the mean ratings of the students.

TABLE XVII

Mean Ratinps per Cognitive Style of
Experimental Group Versus Control

Group Post - Test Scores.

N = 42
D.I.T. MODEL | HEATH'S MODEL
3 - S | i ¥ 7
Sample; - . l g - I e - -~ ¥
siee | R [ P | A | @ | R I P | & .l
e A il ok —— -
c,Post, 19 |28.68l27.16 23.74 20,580 100.15 | | 28.384)27.71)21 3nl22 74 100.13
1
E,Post] 23 (29 .22425.65'[21.23 2087 95.96 29.18126.66/20.37 21,87 100.10
TR SSIEECEN T e
| _,
TOTAL 57 .90 55.81'L!m.'~}6 1,451 200,12 57 .52§56.39 41.71| 44,61 200.23
i . R I _ i

For the D.I.T. model, the mlculated X° value was 0.19
at df = 3 and ¥ : 42. The critieal X° valuc was 7.82. The
calculated x? value was therefore not significant at 0.05
conlidence level

Por the Heath's model, the mean scores were halved
to place it on the zeme scale with the D.I.T. The X?
value was O.07 at 4f - % and N = 42, The calculated value
was again not significant at 0.05 level of confidence. This

result confirms the results obtained in Table VII.
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Results in Table VIITI showed the compariszon made
between the Experimental groun (EII) nost ~ test
scores with Control group (CI) post - test scores.
The ‘;"II Froup did not have the protest . but had the treatment
and the post - test. The CI fFroun hadl the nretest amd the post--
test but no treatment, So if the trcatment was effective,

Epp POSt-test scorcs 53hould be sipnificantly and consistently
greater than 31 post - test scores.

The results showed that the LI“‘ group had higrer mean scores
for Recall (7)) and Principles (P) in the DIT model and a higher
score in Reeall only using the Heath's model. An increase Rn'CI
post in Application and Questioning using the DIT ard in Prin-
ciples, Application and Questioning using the Heathis
model is suggestive that the nretest may have some residual
effects on students cognitive styles., That may be
interpreted to mean that the more the teachers repeat a
lesson over and over again. the more the students are
likely to become “zpplyers and “questioners” in Heath's
conception., These differences however were not statist-
ically significant.

in order to confirm the results obtained in Table VIII,
the mean rating per cognitive style was calculated.

Table XVIII shows the mean retings of the students.



TABLE_ ¥VIIL

Mean Ratings per Cognitive Style of Zur

-
L]

ame

mental (EII) Post Tast Versus Cont»o?

(CI) Post test Scores

DIT MODEL B oo - D
saplel = | ol b cfmea| | oL L0
T o st i
EppPost | 16 |31.31]29.00 22.00|17.75(100.06 iif'-* n.f 51 L
Cy Post | 19 [28.68[27.16123.74[20.581100.16 | 28 .5ufzh.7a (0 kL p 703
S T S R -
TOTAL 59.99 56.16 45.74138.33 |200 .22 ’{ln.z 51 uJ-‘az n-;"i;-'- -?"1*-“.
For the D.I.T. model, the calculated Xf value was
0.45 at df = 3 and N = 35. The critical X. valuc was
7.82. The calculated 1? vdlue was thercfore nob simnificoqt
at 0.05 level of confidence.
For the Heath's model, the¢ mean scores wers halved U0
place it on the same scale with the D.I.T. Tho Y. valu:

was 0,31 at df = 3%

and N =

again not significant at O,

result confirms the results obtained irn f
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Results from the table showed statistizal iif“er
ences for Application (A) and Questionin: (7) in
the Heath's model. The difference was i th. ::zets
direction in favour of the EII grour for onl:r the
Questioning seore, that is RII post-tost ¢ .. unet-
test scores. This result supports the 1liernztive
hypothesis in the Heath'‘s model, but not i. th=s DI,

This finding further sharpened the ‘za» o0 tha2
credibility of both tests. Whereas, FHezathi's odel
suggested in a most convincing manne» that it is
possible to shift students’ cognitive styrie £nhe DIT
data had consistently shown an inerease tow=:cu the

Principles (P) scores., It would seem that ien stulents

were bheginning to prefer mor: questioniru t .2 wore

2lso beginning to prefer recall. These vesviz: oo

inconsistent and would requirce further- o =i ation
There was a general inc»=2ase in tiiz o2l "o Cr1

to EII for Princicles (P) and Application () 7.

DIT and Recall (R) and Questioninzg (") in t. ob: =

This result leaves one to wonder if really Lihe .retest
had not affected the treatment giver Topr in fEses
where a pretest was not administered,6 troztment szomed
to be effective,

In order to confirm the results oontained in Table
IX, the mean ratine per cormnitive stvie wes csleulated.

Table XIX shows the mean rotin~s of the studeris
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TABLE XIX

!fean Fatings per Cogniftive Style of Control
Croup (CII) versus Experimental Group

(EII) Post-test #cores.

N = 27
DIT. WMODEL TH!S MODEL
e HEATHS "0DEI
ampld - - : - - - - -
Size| R p A | o | TOTAL R p Al o | TOTAL

RIIPDSt 16 | 31.31} 29.00{22.00]17 .75|100.06 %1.868]26.35]20.69] 20.24] 99,66

LIIPogt 11 | 32.55{ 27.54]20.91]19.001100,00 31.18|27.59]22 .54{ 18 52]100.13

TOTAL 63.86] 56,541 42 .91 56;?5 200 .06 G3.06153%,54|43.23] 39.761193.99

————— —

For the D.T.T. model, the calculated XE value was
0.13 at Af -~ 3 and I' = 27. The critical x? value was
7.92. The calculated X? value was therefore not.signi-
ficant at 0.05 level of confidence.

For the lieath's model, the mean scores were halved
to nlace it on the same scale with DIT. The x? value was
D.2% at 4f = 3 and N = 27. The calculated value was
again not significant at 0.05 level of confidence, This
result confirms the results obtained in Table IX.

Table ¥ gives a further confirmation of the effect
of testing on the Zontrol group= It compared the mean
scores of the Experimental (EII) post-test results and
Control (CI) ore test raesults., Since tue EII group had no

pretest, but trzatment and post-test, and the CI Froup



had oretest no treatment and a post zest, EII post
test scores should Le greater than O pre - test scores, if
the treatment has had ary signilicant effect and the ={fect
ol testing is removed.

Results from ™ble X show no significant difference
when the two grouns were compared using both models .
Differances in the mean ratings were noted for Princicles
(P) and Application (A) in the DIT model and in Applicnacion
(A) and Nuestioning (2) in the Heath’s model. There was
an appreciable difference for Principles (P) under the
DIT model and the difference was in the expected direction.
in favour of the RIE

Thiz resu¥t turther confirmed the resulte o Table
X and XII The effect of treatment was more nronounced
wit®s Princivles (P) when the total neans wersz compared.
And for the Heath's model, the «ffect was cvident in
Questioning (@) and Recall (R)

In order to confirm furthert:® results obtained in
Table X, the mean rating per ccgnitive style was calculated.

Table XX shows the mean ratings of the students.
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TABLE XX

Mean Ratings Per Cognitive Style of Experi-
mental Group Post test Scores (EII)
versus Control Group Pretest

Scores (C)

N = 35
DIT MODEL HEATH'S MODEL

SBITD]E . o 1 _ . 1 — . 1 - o

Size R P A 0 Total R p A Q Total
EPost; 16 |31,31{25.00[22,0017.75 100.06 | | %1.88!26.75|20.69!20.94] 99.86

' '
c Pre 19 131.32127.16 7,74 [11.83 | 91.05 32,00]27.21]20.10}20.%7 ) 99.68
TOTAL % 62.63 156,16 139,74 |32.58 191.11 | 63.88 53.56140.79 41.711199.54
N

For the DIT medel, the calculated X? value was 0.35
at df = 3 and N = 35, The eritical x? value was 7.62.
The calculated X? value was therefore not significant at
0.05 level of confidence.

For the Heath's model, the mean scores were halved
to place it onthe same scale with DIT. The X? value was
0.03 at 4f = 3 and N = 35.

The calculated value was again not significant at
0.05 level of confidence. This result further confirms

the results obtained in Table X.
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Table XXI below shows a summary of the resuylts
obtaincd from tables VI X. The table shows the
relative advantapge of the experimental group over the
control group as a result of the treatment. Where the
treatment had been effective, the experimental scores
should be greater than Control scores (E-C = +ve) and
where the treatment had not been effective, the control
scores should be greater than or equal to the Experimen-

tal scores (E ~ C = -ve or 0).

TABLE XXI

A summary of the Findings on the

Effect of Experimental Treat-

ment

D.1I.7. MODEL HEATH'S MODEL

R P A Q R P A Q
El Post--E1 Pre ~ya| -ve| +ve|-ve* -ve +ve | +ve Ve

El Pb'at-C1 Post ve| tve| -verive o | +vel-ve 0
Err Pbstwcl Post wve| dvel -wei-w e | -vel-we | -ve
s - y wel -ame 3 wyo | =ye*i . »
CII PDat—CII Post ve| +ve ve | -ve +Vie ve| -ve Ve
EII Post—CI Pre -ve| 1vel wvel-ve -ve i*;ve Ve +ve

KE Y

-ve means the effect of the treatment is in a negative
direction.

tve means the effeect of the treatment is in the desired
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positive direetion.
0 means no effect of trecatment.
* 1indicates wherc the differences in the mean scores
are significant at PJ0.05.

From the summary in Table XXI it was observed that
the Heath's model had provad to be more effective than the
DIT modcl in demonstrating a shift in cognitive style from
Reeall to Questioning. Out of the five sub-groups compared,
it was only when EII post was compared with CI pest that
the effect of the treatment was negative for the Question-
ing style. For E1 Post test and 61 Post - test scores,
there werec nc differences in their mean ratings on the
Questioning scores. There were differences in the mean
ratings of the other four comparisons., In fact, a signif-
icant difference was observed in the case of E;, versus
CII Post - test scores. For the D.I.T. model, the cxpected
difference in favour of the experimental group was obtained
only when EI Post~test was compared with CI Post - test
scores. The DIT data has consistently shown a shift
towards the Principles scores, whereas the Heath's
model suggested in a convinecing manner the possibility of
shifting students cognitive styles from predominantly
Recall (R) to Questioning (Q).

Since svme of the results obtained earlier raised
fundamental questions on the validity of the models,
it was necessary to have a preliminary comparison of the

DIT and Heath's model.
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Tables XXIT o - £ below show the comparisons within

each subpgroup of the DIT and Heath's model.

The purpnse

was to determine the extent of agrcement between the two

tests.
TABLE XXII
Preliminary Compariscnof the DIT
and Heath's Models.
C; Pre (n = 19)
a) - - o =
3 R P 4 A Q
DIT 19.30 19.90 22.190 15.70
Heath 19.70 19.10 16.90 23.30
8] 177.50 |172.00 13.10 108 .50
P 0.93 0.80 0,15 0.03*
CI Post (N = 19)
b)
R 7 A Q
DIT 20.00 | 18.50 23.00 16.90
Feath 19,10 | 20,50 16,10 22.00
U 171.50 }162.00 114.50 130,50
P 0.70 0.59 0.05% 0.14
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E; Pre (n = 23)
.

S R R
DIT 24,00 24,700 24,201 15,80
Heath 23,00 22.70) 22.801 31.20
U 252 .00 245,501 248,50 | 86.50
P 0,78 0.68 0.72 (0.0001*

EI Fost (n = 23)

R B A Q
DIT 23.60 |24.20 | 24.80| 21.3J
Heath 23,40 [22.80 22.20| 25.70
U 261.501248.001235.001215.00
P 0.95 0.72 0.52 0.28

Ery Post(n = 16)

R P A Q
DIT 16.00 |20.10 19.00 | 11.80
Heath 17.10 112 3u 14,40 21.20
U 119,50{71.00 B8.00| 5%,80
P 0.750 0.03* 0131 0.005*

CII Post (n = 11)

R P A Q
DIT 7 3.20]11.50 9.40 11.80
Heath 9.80{11.50 113,60 11.20
u 44,501 60.00 1 37.50 57 .00
P 0.21; 0.97 0.13 0.82
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* Significant U at P(0.05.

from the results obtained in Tables XXII (a - f)
where the two tests were compared, significant differences
were observed in the mean ratings for Questioning (Q)
in a, ¢, and ¢ above. For the control (Cy) Post-test
(b), a significant difference was observed in the mean
rating for Application. No such difference was observed
Post test (f) results.

for the E, Post-test (d) and C

I 11

When the two models werc compared in the Experimental
Ey pretest and EII post-tcat scores, the significant
difference was in the Questicning.

The results of these comparisons provide the
evidence to support the observation that the sensitivities
of both tests were not the same. Indced, the Heath's
model appears to be more consistent than the D.I.T.
model.

From the results o~bftained in Table IX earlier,
there was another possibility ~f the pre-test having an
affect on students cognitive style. 1In order to produce
further evidence to support this claim, comparisons
were made among sub-groups of these who had the pretest
and those that did not have the Pretest.

Table XXIII below shows the effect of Pre-testing
by comparing Experimental (EII) and (EI) Post-test scores,
The Experimental (EII) group had no pretest but the

Experimental (EI) group had the Pretest. Both groups



had the treatment snd the Post

- test.

So.
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if the

pretest had an effect, then the mean ratings for EI

(which had a Pre-test) should evidently be greater than

B

mean scores.,

II
TABLE XXIII
A Comparison of Experimental (EII) and (EI) Post -
test Scores.
DIT MODE% HEATH'S MODEL
. B _ i B
Sample - g - -
Size R P A Q R P A Q
E, Post 23 18.101 20.10! 18,50} 23.10 17.30{ 23.70| 19.60| 19.90
EII Post 16 22.90{20.00} 22.00} 15.30 23.30{ 14.30| 20.50| 20.10
U 137.701 1636501151 .50 |109.50 121.,00{100.00|174.50{182.00
P 0.18} 0.99| 0.35| 0.03* 0.071 0.02*} 0.79] 0.95

¥ 8ignificant U at PJU.OS

Prom the results obtained in Table XXIII ther: were

siznificant differences in Questioning, using the DIT,

and in Principles using the Heath's model.

Experimental

group (EI) mean scores were greater than Experimental

group {EII) mean scores in Principles (P) and Question-

ing (Q) for the DIT, and in Principles (P) only for the

Heath's model.

These results suggest that the styles

most affeetcd by the Pretest, using these two models are

Questioning (Q) and Principles (P).
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Table xXxrvcompared the Control (CII) group Post - test
results with the Control group (CI) Post ~ test results.
The latter had a pretest before the post test and the former
(CII) had not taken the pretest, but had only the Post
test. Both groups had no treatment. If the Pretest has had
an effect, then the means for the Control (CI) group should

be greater than the Control (CII) group means.

TABLE XXIV
Effect of Pretesting Using the Post-test Results

of the Control Groups (C; and Cpp)

DIT MODEL HEATH'S MODEL
Sampler N ) - - 1 -
Size | R P A Q R P A Q
Cp Post 19 |13.70{15.10]17.70] 15.70 14.70(15.80 hi.10] 18.10
Crrpost | 11 |18-60{16.20 11.70| 15.20 17.10{15.10 {17.00} 11.10
U 70.00]97.0016%.80{101.00 88.50199.00 [78.50] 55.00
P o.:wl 0.751 0.07| 0.88 0.49] 0.8110.26] 0.03*

* Significant U at PJ0.05

From the rcsults of table XXIV above, the means of the
Control group (CI) were greater than those of the Centrol
group (CII) in Aprlication (A) and Questicning (Q) using the
DI?T model, and in Principles (P) and Questioning (Q) using
the Heath's model. A significant difference was obtained

for Questioning using the Heath's model. This result, though
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not exactly the same as what was obtained from Table
XXIII., has also demonstrated the effect of pretesting on
the Questioning (Q) 2nd Principles (P) styles.

Table X¥v also dcalt with the pretest effect by
comparing the post-test scores of the Expcrimental group
(EI} and the Control group (CII)' The Experimental
group had & Pretest with treatment before a post-test.
whereas the control group had no pretest and no treatment,
but had a Post - test. S0, il the Pretest and treatment
should have an effect, the mcan scores for the Experimental

group should be preater than the Control group (EI ) CII)‘

TABLE XXV
Effect of Pretesting using the Post-test

Scores of the Experimental (EI) and

Centrol (CII) Groups.

DIT MODEL HEATH'S MODEL
Sogiek =} » | = | s) o f wi s
Size R P A a : R P A Q
Ep Post | 23 15.00'15.70 1‘moi 1t‘:.501 16.20] 18.70] 15.43 20.30
Cry Post| 11 }22.70/15.10{17.10| 15.50 20.730} 15,10} 22,10/ 11.70
U £9.50(98.50 |22 .50{ 104.00 96.00]| 98.50] 77 .50} 63,00
P 0.04*| 0.31! 0.88] 0.4 0.26| 0.30{ 0.07, G.02*

¥ Significant U level at P(0.05
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The results obtained nbove sugeest that the pretost
had som¢ effects on Prineivles (P) and Questioning ()
using the Heath's model and Principles (P). Application
(A) and Questioning (Q) using the DIT model. This result
tends to agrec with that obtained with the Control group
(see Table XXIV) And in all the threc cases considered
so far. Princioles (P) and Questicning (Q) have consis-

tently been affected by Pretesting.

TABLE XXVI
Effect of Pretesting by Comparing Contrel

Group Pre and Post-~test Scores.

DIT MODEL HEATH'S MODEL
Sample| - | - - - - - - -
Size | R P A 0 R P A 0
CI Post 19 21.40] 19.,80] 16.90] 18.10 21.90| 18.201 18,30} 1i7.%0
CI Pre 19 17.60| 19.2G| 22.10] 20.30 17.70] 20.301 20.70; 21.59
U }1u5,8051?5.60 131.521153.00 134,00 1156,00{158.50{ 110 .50
| : ;
P 0.20f 0.87¢ 0.15} 0.2 v 0.AT1 0.470 0,52 0.24
: AL : |

From the result obtained above, the pretest cffect
could be observed in Recall and Principles scores for
the DIT and Recall (nly using the Heath's model. This
result is quite different from the ones that had becn
obtained so far, since in the former three tables, XXIII,

XXIV and XXV, there had been nc pretest effect on the
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Recall style. But the four tables suggest that the
effect of the Pretest is consistently on the mean
scores for Principles in both models. And three of
the tables suggest the effect of the Pretest is

on the mean scores for Questioning. It is important

to note that the effect of Pretesting on Questioning

is greater in the DIT model than in the Heath's modzl.
This result suggests that the more the students
know, the more they auestion and search for the under-

lying Principles.



CHAPTER FIVE

Summary, Generalisations and Recommendations.

5:1 SUMMARY

This study w2s an attempt to replicate an earlier
study on the prevalent cognitive styles among comparable
pre-degree students in Zariz, Nigeria. The subjects
were Ahmadu Bello University College of Agriculture,
General class (1985/8€) students. The students cognitive
styles were examined in relation toc their teachers
perceptionof their students cognitive styles. The
possibility of shifting students cognitive styles in a
desired direction was also tested.

A total of three hypotheses were tested, namely:

(i) The cognitive style distributions among the four
classes in the experimental design were not signifieantly
different.

(ii) The coznitive style distributions among students
was not significantly different from their teachers per-
ception of their (students) styles.

(iii) The experimental treatment has no significant
effect on the cognitive style distribution of students .

A 30 -~ item (10 items of DIT and 20 items of Heath's
Model) test instrument, covering all the major areas of
chemistry was designed with four equally plausible and

correct options. The DIT instrument followed the pattern

151
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suggested by Payette (1967) and Rest (1974) and was
employed by Okatahi (1984) in Nigerian situations.

The 20 - item sub-test followed the format suggested by
Heath (19€4) and has been employed by several others.

These instruments were validated by nine judges,
made up of chemists and science educators, to ascertain
that the stems were valid statements in chemistry and
that the options were cqually orrect and plausible.

In this study, a clasg of about seventy students
were randomly assigned to two main groups, i.e. the
experimental and the control groups. These two groups
were further sub-divided into two, in which one half
had the pretest to conform with the Solomon 4-way
(Pre~test, Post-test control group) design as described
by Campbell and Stanley (1963).

To test the first hypothesis, the frequency counts
and mean scores were analysed separately using the xf
statistics for the experimental and control groups
pretest scores. This was to find out if there was
group 2quivalence at the start of the work.

The results in Table II showed that at entry into
the College of Agriculture, therc werec probably no zroup
difference in cognitive styles among subjects using the

D.I.T. and Heath's model of cognitive styles tests.
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The calculated X° valucs of 0.50 for the DIT and 0.83
for the Heath's model which wevre not statistically
significant at 3df confirmed group equivalence at the
start of the experiment.

Table III confirmed these results when the mean
scores per cognitive style was compared. The X? value
was found to be 0.07 using the Heath's model and 0.29
using the D.I.T. The critical X° value was 7.82.
Therefore, the calculated X2 value was not significant
at 0.05 level of confidence. The first hyp-thesis of
no difference in the four classes of the experimental
design, was therefore supported.

It was worth noting here, that the D.I.T. model
eonfirms the earlier direction established by Shuaibu and
Ogunsola (1982), R+ P~ A} Q, although not in the same
ratio,

For the second hypothesis, the Mann-Whitney U
test was considered appropriate for testing the teachers
perception against the students style. Results from
Tables IV and V revealed that there was no significant
difference in the teachers assessment of their students
cognitive style and the students assessment of their
cognitive styles, using the D.I.T. and Heath's models.

Hence the second null Yypothesis could not be rejected.



15

A major problem of this study is concerned witn
the possibility of shifting students cognitive styles
from n predominantly rccall style to questioning. The
Mann-Whitney U - test was used to compare various sub-
groups that had the treatment against those that
had not.

When the Experimental (EI) Pretest scores were
compared with the Post - test scores (Table VI)S
it was found that therc wes a significant difference
in the Questioning style., using the D.I.T., instrument.
But the difference -bserved was in the reverse direction.
That is, the students tended to question more beforec
the treatment than after the treatment. Tor the
Heath’s "model, there was nc such statistical differ-
ence in cognitive stylc between the two sub-groups.

On the other hand, when the Post test scores {or
the Experimental (E;) and control {Cl) groups were
compared (Tablc VII), there was a significant differcnce
in Application and the difference was in the negative
direction. This means that the students were more
"applyers"” before the treastment than after using the
D.I.T. instrument. There was no significant difference
using the Heath's model.

When the Control (CI) group and Experimental (EII)
group Post-test scores were compared, there was no

significant difference between EII and C; post test



scores, using both models (Table VIII).

The effect o testing was assessed by comparing
the Experimental group (EII) with the Control group
(CiI) Post test scores (Table IX). A statistical
difference was obtained in Application and Questioning,
using the Heath's model. There was no such difference
using the D.I.T. model.

To further confirm this result, the control group
(CI) nretest and Experimental group (EII) post test
scores were comparcd. There was an appreciable
difference for Principles using the D.I.T. and no
significant difference was observed when the two
groups were compared.

Finally the mean scores for the four styles were
considered under treatment versus no treatment and
Pretest versus no Pretest ( 2 x 2) contingency table
per instrument. The XS statistics was used to analyse
this table. The calculated X2 value for the D.I.T.
was 0.97 at df = 7T and N = 69. The critical 'X"? value
was 14.07. The calculated X? value was therefore not
significant at 0.05 level of confidence. So the
third hypothesis that the experimental trcatment has
no significant effect on cognitive style distribution

was supported by the D.I.T. model.
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For the Heath's model, the calculated'Xf value

was 1.35 at 4f = 7. Since the critical value is 14,07,
the third hypothegis was again supported by the Heath's
model .

From the results obtained so far, it may be conclu-
ded that (1) The College of Agriculture students have
a comparable pattern of cognitive styles with their
SBS/ABU counterparts, showing a greater preference for
recall style than any other style. The relative
proportions of the distributions however differ with
Agric. students exhibiting greater proportion of Applica-
tion and Questioning styles than S.B.S. students.
(2) It is possible to shift students cognitive styles
from predominantly recall to a more even distribution
of cognitive style on the 4-mode model of Heath, using
an instructional strategy that emphasizes Questioning.
(3) Retween the criterion measures, the Heath's model
proved to be more consistent than the D.I.T, in demon-
strating a shift in cognitive style from Recall to
Questioning.

5.2: Limitations of the Study

A number of problems and limitations associated with
this study, particularly with respect to the sources of

data and the method used, has been noted.
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1., The National Education Technieal Centre (N.E.T.C.)
professional and technical services who did the video
recording, did not have the facility for video recording
straight into a VHSE cassette of two to three hours
duration. They had to make use of their XC 20 and 30
minutes cassettes, which are limited in number. So the
researcher had to hurry through the lessons to last
either 20 or 30 minutes duration, depending on the
availability of the cassettes on each recording. Since
the study was severely limited by fund, the researcher
could not purchase these cassettes herself. This short
duration of the video recorded lessons may not provide
the students enough time for a change in their styles.
2. There were not enough apparatus for the students

to perform their c¢xperiments while receiving instructions
from the video programme., Students had to perform the
experiment in small groups. As a result, students were
unable to concentrate on the programme and could there-
fore not exhibit satisfactorily, behaviours that were
consistent with inquiry and discovery learning.

3, 8ince the students did not know the relevance of
their being divided into four sub-groups during the
experimental stage, some of them that missed their own
group lessons joined other groups. Although the
regearcher tried sending some of these students out,

there may have been other students who succeeded in
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moving from one sub-grcup tc anocther during the lessons,
The mere fact that the students were assigned into
different groups may have encouraged some out-of-class
interaction which in turn may affect the outcome of

the study. Alsc for those students that missed a lesson
or two from their sub-groups, they may have been affected
by not having enough lessons to bring about any change.
Thus intact groups in the Solomon 4-way design was not
possible and the resultant interaction could have
polluted the outcome »f the cxperimental study part.

4., There were days that the programme planned had to

be postponed because there was no light in the school.
There was also a forced Sallah break between tle progr:-
amme, These breaks may have affected the students
continued thoupht processes. So that by the time they
were watching another programme after a break, it was
likely that they may have forpgotten everything about

the previous programme.

5. The three weeks training period may not have been
gsufficient to change a2 style and sustain it, Although
Okatahi (1984) showcd that two weeks may be enough for
a training for a change in attitude, such a change may
not be sustained. A sustained change in attitude

requires a longer period.
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6. The teachers were given a2 time limit during which
they were to complete the test items on their cognitive
styles and their perceptions of their students cognitive
style. It is therefore possible for some of the teachers
to discuss among themgelves, how to tackle the assignment.
If this happens, then teachers are more likely to give
similar responses tc their students cognitive styles,

7. Only three tezchers were invelved in this study

due to the fact that chemistry is not a major coursec

but taught as 2 prerequisite te the agriculture courses
in the colleges. The results obtained for the teachers
should have been strengthened with more teachers
involved.

8. The D.I.T. instrument used did not cover the organic
aspect of chemistry. Although this is not the main
instrument used for the study, but a fair coverage of

all the aspects shoulil have been importent.

5.3. Generalisations.,

Within the limitations of the present study, the
following generalisations may be made:-
1. The subjects of this study have a comparable pattern
of coznitive styles with their SBS/ABU counterparts,
showing a greater preference for Recall style than any
cther style. The rzlative proportions of this distribution

however differ.
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2. 'The experimental treatment has little or no
effect on shiftine the chemistry students copgnitive

styvles from a predominantly recall to questioninge.

5.4: Recommendations

One of the obvious requirements after an investiga-
tion of this kind is to replicate the study to a
different group of subjects. Such a replication not
only strenghthens the validity of any (indings which
occur or hoth occasions, but aiso enables further
consideration of some doubtful issues. In the current
study, the findines with respect to two hypotheses
were inconclusive and a replicaticn should be aimed
particularly at clarifying these issues.

From the results obtained in this study, the
followineg recommendations are made: -

The results obtained for the first research
problem supgest that the Collepe of Apriculture
students had higher oreference for Recall (R) and
Principles (P) than for Application (A) and Nuestion
ing (§). One would have expected students from a
vocational institution such as a Collese of Apriculture
to be more inclined to aoplv. This unexpected
results from the agriculture students may be due to
the fact that the teachers teach mainly for Recall

and Frincinles.
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Results obtained from the second research oroblema
and table XV provided further insight on the
influences of the teacher on the copnitive styles of
his students, It was found that the students and tea-
chers styles agree most closely on Principles and
Application in the D.,I.T. and Recall and Principles in
the Heathis model. These results may be interpreted as
some support for the effect of the teacher on their
students. But an important characteristic of the new
science curriculum has been an increased 2mphasis on
concept formation, scientific principles, inguiry pro-
cesses and critical thinking. Implicit in the new
science curriculum is the assumption that the teacher
and the way he deals with the curriculum may direct &nd
diseipline students' thought processes and so influence
their cognitive styles, Teachers should therefore vary
their instructional methods toconform with thenew sclence
objectives.

The last research problem dealt with the possibility
of shifting the students cognitive styles from Recall to
Questioning through teaching. The D.I.T. data
consistently show a shift towards the Principles scores,
whereas the Heath's model sugrested the nossibility of
shifting students cornitive styles from predominantly
Recall (R decreased from 18.20 to 17.70) to Questioning

Q {Q increased from 16.€0 to 19.70). See Table X.
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When the two tests were compared, it was found
that the sensitivities of both tests were not the same.
More experts in chemistry may have to re-examine the
two tests instruments since the results from the two
are inconsistent.

For further studies:-

It is recommended that future studies should
focus on the following:-~
1. The experimental treatment should be extended over
a longer period without break. This will allow for
enough time -erhaps, for an obhservable change to take
place.
2, Modes of data mathering and treatment should be
further reviewed in subsequent studies. Teachers should
not be allowed to take their test items away to be filled
to avoid discussions amongz themselves, and the time for
each lesson meant for the treatnment should be extended
to the normal school period of 45 to 50 minutes,
3. Although it has been found that it is possible to
shift students cognitive style, future studies should
help to validate this.
4, Tt scemed from the results obtained that when
students were beginning to prefer questioning, they
wer2 also beginning to prefer recall. These results

are inconsistent and would recuire further examination.
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5. The number of teachers in the present study is too
small compared to the number of students. The ratio
should be inereased in future studies.

. Campbell Design 6 may probably have been more
appropriate here, since intact rroups in the Solomon
L-way design was not possible with the present study.

A post test only control group design will eliminate the

effect of pre-testing.
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APFENDTX I

TEACHERS PERCEPTION OF STUDENTS COGNITIVE

STYVLES

Name of Teacher

Class

Name of College

State lLocated

INSTRUCTION

This instrument is designcd to find out how your
st idents are most likely to react when confronted with
cr mistry problems. The interest is not in whether
students can ldentify correct or incorrect information,
bt rather in what they 2re likely to do with the
ir ormation {problem) intellectually.

For each of the situations presented are four
po:sible responsecs, cach corresponding to one of Heath's
conception of cognitive preference (Recall, Principle,
Application and Questioning). The behaviours which are
appropriate for each of these cognitive preference mode
are as follows:-

Recall (R) The students will prefer the basiec informa-
tion as read from the textbooks or as
dictated by the teacher and accepts it with
little or no questions. They tend to

memorige this information.
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Principle (P) They try to look for the trend (pattern)
involved and conditions under which
certain things happen.

Application(A) They coneern themselves with the social
and scicentific utility of the concept.

Questioning(Q) They desire to know the circumstances
under which the information holds true
and the cxeeptions to this rule. They

quite often try to generalize.

Ea.h option of the following items reflects one of these
categoriecs.

Please indicate how on the average your chemistry
st .dents tend to respond to each situation. You will
indicate this by a2llotting four (4) marks to the option
th 't best describes the type of information (s) they
will prefer you to give them, three (3) to the next, then
twe (2) and one (1) mark to their least preferred choice,

Thanks for your co-operation

M. F. Bandele.
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APPENDIX II

TEACHER'S COGNITIVE PREFERENCE TEST INSTRUCTION

NAME : -

SEX:~-

NAME OF COLLEGE:~-
STATE LOCATED: =

INSTRUCTION

This chemistry test is conducted so that we may
know the way you think and are likely to pass the
chemistry information to your students.

It is recognised that in one lesson, a teacher
may say all of the options, but we are interested in
which option will receive your greatest emphasis. You

will indicate your preference by allotting four (4)

marks to the most prcforred option, three (3) to the
next, then two (2) and one (1) to the least preferred
choice.

Thanks for your co-operation.

M. F. Bandele.
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APPENDT¥ ITI

STUDENT'S COCNITIVE PREFERENCE TEST INSTRUCTION

NAME : -

SEX:~-

GROUP: -

NAME OF COLLEGE:~
STATE LOCATED:-

INSTRUCTION

This chemistry test is conducted so that we may
know the way you think about chemistry statements.
It is not a test of how ‘auch you know, but of what
type of information you will prefer your teacher to
teach you, You will indicate your preference by
allotting four (4) marks to the most preferred option
three (3) to the next, then two (2), and one (1) for
the lsast preferred choice,

Please note that ALL the responses under each
item are equally correct. you are assured that your
response will not be used against you. You should
therefore feel free to indicate the option in order
which you truly srefer then

Thanks for your cooreration.

M. I". BANDELE
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APPENDIX IV

COGNITIVE PREFERENCE T3IST USTING FEATH'S APPROACH

In the electrolysis of copper

sulvhate solution

using platinur electrodes, copper ions are preferent-
ially discharpged at the cathode.

(a)
(b)
(e)

(d)

Copper coated plates are produced in this way
Hydroxyl ions are also discharged at the anode
Concentration may affac. the preferential discharge
of copper ions

When two or more ions of similar charges and

under similar conditions are present in solution,
one is preferentially discharged due to its
position on the electrochemical series,

Carbon occurs in the free states as diamond and graphite.

(a)
(b)

(¢)
(d)

Zinc
(a)
(b)
(e)

(d)

These are called the allotropes of carbon

These are the two different phveical forms of
carbon but with the same chemical properties.
Diamond is attractive and in great demand for
jewelry.

There are other non-metals, such as sulphur which
exist in free states.

usually reacts with dilute non-oxidising acids
All metals above hydrogen in the electro-chemical
series thecoretically react with dilute non-
oxidising acide to produce hydrogen.

Hydrogen is produced.

Peanut and coconut oils may be "hardened" when
hydrogen gas is bLlown into them.

Some other metals should similarly react with all
dilute non-oxidising acids to produce the same
type of gas.

Carbon dioxide turns lime water milky.

(a)

(b)
(e)

(4)

This explains the reaction of white wash in the
atmosphere .

This is a way of identifying carbon dioxide,

Calcium carbonate is produced since carbon dioxide
is acting as an acid.

Excess carbon dioxide may turn lime water colour-
less.
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Hydrogen peroxide is decomnosed rapidly at room tem-
perature in the presence of manganese (IV) oxide.
{a) The gas produced is oxygen

(b) Manganese (IV) oxide is one of such substances
which alter the rate of chemical reaction without
themselves undergoing a2 chemical change.

(¢) The gas produced may be obtained in smaller
quantities in the laboratory by heating some other
solids.

(d) Large guantities of the gas produced may be
applied to accident patients in short supply of

One mole of methyl alcohol is dissolved in enough
water to make one liter of solution.

(a) Such a solution will have a lower freezing point
than that of pure water,

(b) One mole of any other alcohol may dissolve in
enough water to make one liter of solution.

(e¢) The solution could be used as an anti-freeze.
(d) The solution is known as a molar solution.

Some substances expand upon pgoing from liquid to the
solid phase.

(a) Water is an example of such a sutstance.

(b) The statement implies that geometrical spacing
among molecules may change during a phase change.

(e) This explains why water pipes burst during
extremely cold weather when water is frozen.

(d) The statement leaves one wondering if most or only
a few substamnce=s hehave In Lhls way,

Solid carbon dioxide (dry ice) changes directly into
carbon dioxide gas without melting at 78°C.

(a) This phenomencn is used for cooling foodstuff

(b) This is a process of sublimation.

(e¢) The phenomenor. sublimation, is due to the weak
intermolecular forces in carbon dioxide,

(d) Since not all substances may undergo sublimation,
this may be an effective method of purificecation.
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At a given temperature, the velume of a given mass
or dry gas is inversely preportional to the pressure.

(a)
(b)

(e)

(d)

The statement refers to Boyle's law.
This explains why a ballocn floats in the air,

When the volume decreases intermolecular
distance decreases and the rate of bombardment
on the sides of the container increases.

One wonders if the addition of more gas to
a fixed volume of pas at a piven temperature
would also not increase the pressure.

When water is cooled it f{reezes to ice and when ice
is heated, it changes back to water,

(a)
(b)

(c)

(d)

The

(a)

(b)
(c)

(a)

This is a physical change.

Rusting of iron is not a2 change of the type
associated with the statement.

A change in state may invelve changing from
solid to liquid to gas or a change in
physical form e.g. colour or shape.

This explains the heating of dass to various
shapes.

Electronic stchture of the oxygen atom is

/e
Oxgen is in the 2na period so the K shell is
full with 2 electrons, also it is in the 6th
group, therefore there are six electrons in
the L. shell.

The oxygen atom has eight electrons.

The electronic structure of the oxygen atom
determines the reactivity of this atom.

With one electron added, the electronic
structiore of another gas may be deduced.
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12. Alkanes are the czimrlest type of hydrocarbons.

(a) These are organic compounds containing only
hydrogen and carbcen with a general formular

Chlon*s

{b) Methane is the first member of the group.

(e¢) Alkanes occur as products of the decay of
vegetables,

(d) Alkenes are also hydrocarbons.
13. Air contains quite & number of gases.
(a) Nitrogen has the preatest percentage.

(b) Air is a mixture and the properties of air
includes the sum of the properties of these
gases.

(¢) Most of the gases are useful to plants and
animals.

(d) Air also contains impurities.

14, Some substances avsorb water on being exposed to
air.

(a) This explains why pellets of sodium hydroxide
kept outside in a watch glass appear to have
melted.

(b) Above substances are called deliquescent
substances.

(c) Because of evaporation of lakes, oceans, seas
and rivers, the air contains water vapour
which these substances absorb.

(d) Hygroscopic substances also absorb moisture
from the atmosphere,.

15, It is passible to have hard water which will not
readily form lather with soap.

(a) The presence of soluble metallic salts like
hydrogen carbonates (Bicarbonates), sulphates
and chlorides of calecium magnesium and iron
will prevent the formation of lather with
goap .
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(b)
(c)
(d)

1C0

Cne type of hardness is temporary.
Hard water is desirable in beer industry.

Hard water may be softened.

Oxygen and nitrogen can be obtained industrially
from liquid air.

(a)

(a)

Nitrogen will boil off first at - 196°C
leaving liquid oxygen.

This can be done using fractional distillation.

The two gases can alsc be prepared using
chemicals in the laboratory.

Both gases are useful to both plants and
animals .

Purely covaient compounds are not electrolytes.

(a)
(k)

(e)

(da)

They do not conduct electricity at all,

However there are some covalent compounds which
become ionie when dissolved in water and so
they conduct electricity,

This explains why rubber is ured in preventing
shock.

Covalent compounds usually exist as molecules
and are composed mainly of non-metallic elements
joined together.

The salt formed from sodium hydroxide and hydroch-
loric acid is called sodium chloride.

(a)
{b)

(c)
(d)

Formula of sodium chloride is Nacl.

An alkali usually reacts with an acid to give
a salt and water gqnly.

This salt is used for flavouring.
Formation of a salt*from calcium hydroxide

and sulphuric acid is usually disturbed by
tbe insoluble salt thus formed,
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Some liquid solutions conduct elentricity,

(a) Water mey not be a rood conductor of eleate
ricity.

(b) Explains why zcid solutions are used in
basteriecs.

(¢) Wher these liquids and solutions conduct
eledtricity, they are decomposed by the
electric cwiw»ent.

(d) Copper sulphate S0Mntion is an example.

Pure water 1s colourless, twuatelreeg and boils at

100°( at nermal atmospheric pressure,

(a) It also freezes and melts at 0°C,

(b) Pure wat- r is nccessary with food for all human
beings -

(¢) Impure water may boil or freeze at a higher
or lower temperature.

(d) This oceurs when the liquid water is in equili-

brum with ito gasecuns form.
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APPENDIX V

COGNITIVE PREFERENCE TEST USING DIT APPROACH

THE CHEMISTRY THACHER
Peter, the Chemistry Teacher incharge of form IV
believes in asking his students of their previous
knowledge on a topic before introducing a new one,
This morning, Peter came into the class and said
"Today we are going tc consider the fractional
distillation method of separating mixtures of liquids.
Can anybody tell me what he knows about this method?"
Below are some of the responses he received:
(a) The twn liquids involved must have different
boiling points.
(b) It is possible to separate two liquids using
this process.
{c}¥ The process explains how petrol is obtained
from crude oil.

(d) More than two liguids can also be separated.

HARDNESS OF WATER

A State Government decided to ~pen a new Secondary
School in a local government area in the State. The
school was cited very close to a river which made
water table not too deep and a borehole was sunk for
the students usage. The students had the option of

using either well or river water for their washings.
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But very soon, they discovered that whenever they
used ‘well water' for their clothes, it did not
readily form lather as the river water. 8o they
concluded the well water must be 'hard water!,
Some of the students alsc said:

(a) The presence of =oluble metalliec salts like
hydrogen carbonates (bicarbonates) sulphates
and chloridcs of calcium, magnesium and iron
will prevent the formation of lather with soap.

(b) One type of hardness is temporary.

(¢c) Hard water is desirable in beer industry,

(d) Hard water may be softened,

ATOMIC STRUCTURE

Gladys has been given 2 homework to draw the former
coins and currcncy before the change to Naira and
Kobe., After finishing the drawing, she brought it
back to the hostel teo show her college mother and
mates if there are still others to be included, The

first diagram CGladys had was as follows:-

- pepresenting the former one penny. Looking
at Yhis critically, the College Mother said "this first
one reminds me of the two shells involved in the elect-
ronic structure of oxygen". Her other mates also

responded saying.-
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{(a) Oh yes, Oxygen atom has sight elections.,

(b} The electronie structure of the oxygen atém
determines the reactivity of this atom.

{c) With one electron added to that of the oxygen
atom, the electronic structure of another
gascous atom may be deduced.,

{d) Oxygen is in the 2nd period so the K shell is
full with 2 electrons. Also it ia in the 6th
group, therefore there are six electrons in the

K Shell.

BOYLED LAW

Seyi was trying to¢ pump sems alr into his flat
bicyele tyre using 2 bicyecle pump. '"Do you know what
I've noticed™ he said to his friends "the more
pressure I apply, the more compressed the volume of
the gas. I mean that zt this temperature, the volume
decreases as pressure increaseg”. MHis friend each

replied as follows:-

(a) That 1s a statement of Boyle’s Law.

(b) This expdainag why a balloon floats in the air,

(¢) When the volume decreases, intermolecular
distances decrease and the rate of bombardment
on the sides %f the container increases,

(a) One wonders if the addition of more gas to a
fixed volume of gas af a given temperature would

also not increase %he pressure,

- s - walLgs
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THE KIPP'S APPARATUS

Four form IV students had just been transferred from

el Aot s -
one Federal Joveraments Colleg:, to another. During

the chemistry practical pc-iod, the teacher decided to

introduce thete students to the sct up in the laboratory

Coming to the dxtreme ond of the laboratory and at a
corner is the Wpps apparatus unit. The Teacher said

"Well, you may jxave Lven used to the kipps apparatus
where hydrogen swlphide gas is prepared in Yuantityh
Each of the studerts pesponded
(a) ©Oh yes, Iron II sylphide and dilute Hydrochloric
acid are the required chemicals for the reaction.
(b) The gas may be use4 to propare a series of salts
known as sulphides.
(¢) This generator jan be «ed to prepare in large
quantity any gag which 1S made from a solid and
a liquid in the %04

(d) Other regularly used gases in .pe \aboratory can

also be prepared usipg this appa-atus ,

CANDLE WAX

There was no light in the sehool for the Busieirms #n
do their night studies and oply a few studetts could
afford buying candlc sticks. Others then deaided to
go about collecting the candlé wax of those wio had

candle sticks. As it cocled, it solidified and it was
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molded up, putting a long thrcad in the moddle, they

had their own sticks tc usc! One of the students invol~
ved 8aid "This mcans thore could be a change of state
which is usually reversiblc. Others replied:-

(a) Yes, it is called a physiecal change,

(b} It explains why when water ig cooled it freezes
to ice and when ice is heated, it changes back
to water.

{e) Rusting of iron is not a change of this type.

(d) The change in state involves changing from solid

Ly 1Llyuld by poao .

HBITI“G OF EQUATION

7. For the past 3 weeks, the form II Chemistry class has
been practising how teo write formulae of compounds by
jdentifying the different symbols and valencies of
the elsments involved. Today, they are moving a step
further to writing of equation - which is a convenient
method for representing a chemical change using the
formu,ae and symbols they've learnt.

*Let's a%tempt to write the reaction of zinc with any
dilute mpn oxidisingacid e.g. sulphuric acid" the
teacher sald. Before he continued, these are the

reactions he go¥ from his students:
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(a) All metals above hydrogen in the electro-chemical
serics theoretically react with dilutcmon-oxidising
acid to produce hvdrogen.

(b) Hydrogen is produccd.

(¢) Peanut and ccconut o0ils may be “hardened” when
hydrogen gas is blown into them

(@) Some other metals should similarly react with all
dilute non-oxidising acids to produce the same

type of gas.

A DELIQUENSCENT SUBSTANCE

ITvrahim came back home from the [cotball field with
his other friends. Being tired, they decided to sit
on the mat outside for their super. Ibrahim's junior
sister brought some rice and stew in a bipg plate for
them all. On tasting it, they asked for scme salt.
The salt was brought to them in a small plate and they
took some and left the rest aside. A couple of hours
later, one of them noticed that the plate of salt was
still outside. He picked it up and observed that the
salt has absorbed some water as & result of exposure
to air, He called the attention of tthers and balow
were some of their comments;
(a) This is a deliqueescent substance.
(b) Air contains water vapour which this salt

absorbs because of evaporation of lakes, oceans,

seas and rivers
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(¢) Thig explains why pellets of sodium hydroxide
kept qutside in = watch glass appear to have
melted

(d) Hygroseopic substances alsc absorb moisture from
the atmosphere.

~ACTQ
= RO LS

The Form II students arc out first thing this morning
for physical education (" F.)., ©Oni, the P.E. Master
asked the students to start the morning exercises by
breathing in and out as much air es they would, During
this exercise, he explafned to them that by broathiag
in, they take in th: gas oxygen and out, carbon dioxide,
which shows that air contains mor- than one gas. Some
other students in the play sroup wanting to display
their knowledge of Genersl Science said:
(a) Nitrogen has the greatest percentage.
(h) Air also contains impurities.
(¢) Most of the gases are useful to plants and animals.
(d) Air is a mixture and the properties of air are
determined from the sum of the properties of the

gases.

THE ALLOTRQPES OF CARBON
It was getting to six o clock this evening and some
students decided to go for a stroll around the staff
quarters. A few yards from where they started, Jide
picked an engagement ring with a diamond stone. They

all stopped and had a look at it in turn. "Diamond and
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Graphite' said Yoml are the free state in which carbon

occur, Others replied-

(a)
(b)

{e)

(d)

They are called the allotropes of sme-tON.

They arc the two differenr physical forms of carbon
but with the same chemical properties.

Diamond ia attractive and in 2 great demand for
jewelry.

There are other nen-metals, such as sulphur which

exist in free states.



