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ABSTRACT

The purposes of this study were to (i) identify the patterns
of distribution of cognitive style profiles and interest
orientations of a sample of predegree physics students, (ii) find
out if and how cognitive style and interest are related to gender,
age and career aspirations of the students, (iii) ascertain the

relationship (if any) between students'™ cognitive styles and their
physics interests, and (iv) determine the effect of the teacher-
directed discussion (TDD) mode of instruction on the cognitive styles,
and physics interests of respondents.

Heath's (1964) 4-mode dimension of cognitive style (Recall (R),
Principles (P), Application (A) and Questioning (Q))and interest
conceptualized as a 3-dimensional character (Topic (T), Activity (A"
and Motive (M))as originally proposed by Gardner (1985) and recently
employed by Haussler (1987), Gardner and Toon (1988) and Gardner and

Tamir (1989) were used in this investigationg

Seven major hypotheses were formulated and tested in the study.
Non-parametric statistics, the Mann-Whitney U test and the Kruskal-
Wallis one-way ANOVA, and the parametric Pearson product-moment
correlation (r) were employed in analysing the data within 0.05 level
of significance. In the experimental part of the study the Solomon
4-way (pretest, posttest, control group) design was used with a total
of 326 predegree physics students of the Federal University of

Technology (FUT), Minna who participated fully in the study to the end.
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The results showed that:

1. The patterns of distribution of cognitive style profiles
and interest orientations were respectively P-R-A-Q and
T-A-M showing that P and R were the dominant cognitive
styles while T was the most dominant interest mode among the
subjects. The students were thus more of principlcrs and
recallers than appliers and critical questioners and their
interest level was highest in the area of physics subject
matter. The patterns of cognitive style and interest were
found to be invariant with gender, age and career aspirations

of the students.

2. Male and female students differed significantly in their
physics interests but not in their cognitive stylos. Males
consistently showed greater interest than females in all
three modes of physics interest explored.

3. There were no age differences in cognitive style among the
students. With respect to physics interest, significant
differences were obtained only in the Motive (M) dimension.
Students between 19 and 21 years of age showed the highest
motivation for studying physics followed by those between
22 and 24 years. The youngest group of students between 16
and 18 years were the least motivated to learn physics.
There was also evidence that in general students' interests
in pliysics declined steadily from age 21 as students became
older.

4. Cognitive style profiles and interest orientations of the
pliysics students seemed unrelated to their future career

expectations.

(ix)



5. Instructive statistically significant correlations were revealed
between cognitive style profiles and interest orientations of
the physics students thus raising hopes that learners' physics
interests could be predicted or nurtured through knowledge or
nurture of their cognitive styles. The study showed that "non-
recallers" and "appliers" in OPTICS and "non-principlcrs" and
"appliers" in MAGNETISM would tend to demonstrate high levels
of (physics) interest in the Topic (T) and Activity (A")
dimensions. It was also revealed that "non-principlors" and
"appliers" in physics generally and MECHANICS in particular
would tend to have high interest in motives for studying phys”
generally and specifically in studying physics because of

prospects of taking up physics-related careers.

6. It was possible to modify the physics cognitive styles of the
predegree students through the teacher-directed discussion mode
of instruction (the experimaital treatment). Specifically, it
was possible to shift cognitive styles from predominantly
P, R, to A, Q and more specifically from P to Q.

7. The TDD mode of instruction was effective in raising the
levels of physics interest in all three dimensions of interest-
examined but could not effect a shift from one interest mode

to another.

Based on these results some recommendations and suggestions were
made for the improvement (in Nigeria) of science education in

general and physics education in particular.
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DEETIITION OF TZRS

T{STAUCTION

The art of teaching or training an individual or of .

imparting mowledge to a leamer,

A netiod of teaching or training a persan or an approach
used in imparting lmowled e to a leamer, Common exanples ares
lecture/expository, inquiry-discovery, teacher-dirccted discusszion,
problem-golving, project, laboratory, process a:proach, and
lecure—] mongtration modes of instruction., Other toius used
gynonynmously with "i:zstructional mode" include "instructioral
stoctegy", "instructional approach", "teaching mode"™ or *"aethod

of instruction”,

A predisposition or state of an individual which enables
idn/lier to attend to a particular object, organisa, evant,

paencmenon or activity in preference to otkers,

LGEITVe 3WTLg

The characteristic mode in which a person d-alg with or
atte s to a problem, situation, information or teg: preconted
to him/here It is the "demonstrable manifestation o8 a coonitive
prelorence” (Jmaiu nd Ogunsola, 1983) and hes been idnWified

xd op.ratiorally defined in various dimensions ar Fues Wy

(woxid)



different rescarchers., Some of these dimensions or types
include: EHeath's (1964) four-mode model (Recall, Principles,
Application end Questioning) eamployed in the present study,
field-dependence versus independence (Jitkin, 1950), conceptual
versus perceptual - motor dominance (Broveman, 1960), mealytical
versus non-analytical (Kagan et al, 1963), reflective versus
inpulsive (llagan, 1965), divergence versus converzence (Fudson,
1966), serialists versus holists (Pask, 1969) and iniroversion

vorsus extroversion (Iysenck, 1970).

‘e unseen internal mode or disposition of an individual
widch influwmces the overt manifestation of a cognitive style.
It is ke underlying unobservable factor in the exhibition of a
conitive style (Shaibu and Ogunsola, 1983; Ogunsola~3andcle,

19€T) e

SCIAICS AT

A behavioural aad attitudinal attribute exhibited by an
individual through which tihe person expresses his/her pro-
dissosition, c:otions or fuelings tovards scimce or sciace
education, xarples include interest, enjoymunt, satisfaoctiion,
value, liking, preference, choice, appreciation, apzroval or

notivetion,

(xxiii)



Tems used synonymously with "cognitive styles" and
cormionly preferred by British authors. Leaming strategies was
defined by Rigney (1978) as "those operations or procedures that
tie sludents may use to acquire, retain and retrieve different
%tinds of movwledge and performance”., Other synmyans of coonitive
stylos comuon in the literature are: "cognitive system
princisles™, "cognitive control”, and "thinking or intellectual

astyles”,

“OTV3
Jomething (a consideration, caotion or feeling) which
excites one to action e.g. interest, value, appreciation or

oy otacr affect,

T.IDICTOR VA

A variable wiose values are used to predict or estinate
Lo volucs on a criterion variable or measure (Traite and
TConive, 1979). Four general types of predictors were identified

by Junkin end Biddle (1974), namely:

1. resage Variabl

Tais refers to a teacher variable such as gender, age,

teac.ing experience, qualification or motivation,.

2, Context Variabl

A context variable could be a student variable (.2

cmier, age, ability, preleaming attitude), a sciosl

(xxiv)



variable (e.,g8. school type, location, size), or a classroon
variable (e.g. size, climate, number of periods per wed:,

availability of laboratory equipment),

Je »ocess Variabl
A process variable refers to teacher or leamer
classroom behaviour or to observable changes in lecamer

bchaviour, Zxauples are teacher wamath, studant

serticipation and student enthusiasm.

This refers to an outcome voriable in fom of
immediate or long-tem pupil effzct such as meaningful
learring of subject matter, postlearming attitude, 2dult

zersonality and professional or occupational skills,

.. teacher's personal qualities or personality traits,
1dg/or Lehavioural attributes or distinctive predilections :Aich
are svertly manifested before leamers or influence the teaciior's
norlocmonce during the procsss of instruction, Teacior
c.oonzteristics encompass both presage and process variaovlos,
4xczilzs include wvarath, friendliness, motivation, stinulation,
O T

tr.l.ing, cxperiance, qualification, value systam, curricular

biaz, coonitive style znd teacuing style,

(xxv)



Chapter 1
THE PHROBL AL

A najor goal of educational research is to seek better
and more effective means of maxinising leaming which is
usually measured in terms of students' academic achievencts,
In pursuit of this objective, new directions of research on
even familiar and widely investigated cacepts in education
are at times opened up and explored with the hope of obtaining
the vitel bit of knowledge that would help to improve the
tcaching-lcaming process and so enhance gaing in leamers'
achievenents., 1TWo such concepis which are already well-

rescarcied in science education are "interest®™ and "cognitive

style*,

interaat, it is presumed, provides strang motivation to
leam, An individual who is interested in an activity, be it
play or work, will put forth more effort to leam or perfom
it than a person who is less interested or bored. If leaming

experiences are to tap the full resources of a student, they



mist be designed and presented in such a way that they are
interesting, One way of doing this effectively is to nake
then coincide (as much as possible) with students' interests.
In such a situation the student is ready and willing to leamn
becanse he/she is interested in what leaming will bring
him/her by way of personal advantage, Shane (1957) explained
that interest is “something with which the child idemntifies
his persanal woll;baing'. If a person sees that smething will
benefit him/her, he/she becomes interested in it and this
motivates leaming, As long as the learning activity is
satisfying, interest remains high, When satisfaction declines,
interest also wanes,

According to Hurlock (1972) interests add the element of
ajoyment to life, When a leamer is interested in a given
activity, his/her experience with the activity will be more
enjoyable than if he/she is not, If he/she lacks interests,
his/her achievemat will fall far short of hia/her
capabilities. Hurlock (1972:402) has pointed out that: "One
of the reasms for underachievement among bright childrean,
for example, is that they have too little interest in a
subject to work up to their capacities.,” The quality of work
a child does in aschool is believed to depend largely on
interest. An interested learner might not only do better work
than his/her less interested mates but also better work than

would nomally be expected from a child of his/her abilities.



Thus it seens obvious that the identification, stimulation and
development of leamers' interests, including science interests,
are of major importance., Welch (1969) outlined two main
cmsiderations from which the present-day cancem for the

developnent of students' interest in science has stemmed:

1, ®ucation in science is a basic componant of the
general education needed by all individuals in
today's world, where science plays a major rale
in influencing present societies and shaping

future ones,

2, Manpower demands in technological developnant are
such that science teaching should stimulate
student interests and eventually direct as many

students as possible to choose a career in science,

Results of research on interest permit ane to canclude that
interest in science seans related to age, gender, science
achievanent, attitudes towards science, reasming abilities and
practised hovbies (Bingham, 1967-68; deyer, 1970; Neujahr and
Hansen, 1970; Marlock, 1372; Kempa and Dube, 1973a; Gardaer, 1975
and Haussler, 1987). The emerging trends are thats:

(i) interest in science declines as students get
older;

(ii) girls are less interested in science (especially

physics) than boys;



(1ii) students with high interest in science also
achigve highly in science subjects; and

{iv} high interest im science correlates positively
with favourgble attitude towards scimoce among

leamers at various levels of education.

In his international overview of atudats' interests in
gscicace and tecimology, Gardner [1985) outlined three major
wealmesseg of resecarches an studenta' interests in sciece,

nanelys

1o Uuch of the research gives the impression of not having
been guided by theory;
2, Intereat is often treated as a unidimensional quantity;

%« TWhat is being measured is not explicitly nade olea.'r.'.

Thoge shortcomings are quite similar to those idantified by Brom
{4975} in her incisive criticigm of cognitive preference testis,
Hanssler (1987) todk measures $0 gvoid thess inadequacioes
in a recent study to investigate the degvelopment and change of
interest in physics among students agad beiween 11 and 16 in the
Federal Republic of Germany. Hemnssler's work is important for
the following reasms: |
{i} 1t cnfirms some of the age-old trends found in
many earlier studies, namely that the overall
intereat in physics decreases as students grow
older and that boys are more intereated in

physica than girls,



(ii) The study shows that the three dimensions of
interest proposed earlier by Gardner (1985)
are plausible and that one of these dimensions
(the 'context' dimension) is dominant, contributing
about 60% of the overall interest of a student in
physica,

(iii) The design and the instrunats of the study
suggest a close relationship between "intereat®

and "cognitive style",

The present study partly focusses on the third reason stated
above, that is to investigate this suggested relationship between
interest and cognitive style, |
The phenomenon knomm as "cognitive style" has, over the last
thraa'decad.es, engaged the attention and interest of researchers
in the fields of psychology and education, Cognitive atyle in
gaeral describes the distinctive manner in which an individual
prefers to deal with the stimulus world (Williams, 1975). It is
the characteristic way in which a peram prefers to attend to a
situation, information or task with which he is canfronted,
"Attending" to a situation, informmation or task implies
perceiving, conceptualizing, thinking about, apprehending,
organizing, storing, transforming, utilizing and remembering
information (Kogan, 1971; Witkin, 1973; Williams, 1975; Kagan
et al, 1975 and Messick, 1976). In science education the
gituation, infomation or task are those associated with the

teaching and learning of science, such as the subject matter of



a course (Heath, 1964), modes of presenting or remembering
information (Shuaibu and Ogunsola, 1983 and Ogunsola-Bandele,
1987) and type of curriculum materials used (Heath, 1964;
Harks, 1967; Tamir, 1975, 1976).

Klopfer (1971) identified two major differences between
traditianal curricula and the emergent science curricula of

the '60'ss

1. The new science curricula emphasize process skill development
and inquiry leaming (in addition to structire and unity of
gcience) while the traditional science courses concentrate
on the acquisition of the knowledge cmtent of science -
gciantific faots, cancepts, principles, generalizations,
laws, theories and technological applications.

2, The new scimce courses are taught by inquiry and discovery
approaches whereas the traditional programmes are taught
primarily through the method of direct expositian/lecture

and recitation,

As the need to evaluate the effectiveness of the new programmes
(in comparison with that of the traditional courses) became more
and more pressing, it equally became clear that conventional
achievenent tests would not be able to measure the differences
betwean the ncw and traditiomnal programmes in terms of learners'
attainments., The arguments of the designers of the new sciace
courses that the objectives of the new science curricula. were

quite different from those of the traditional courses ard that



traditional achievement tests were systematically biased in
favaur of traditimal courses were both understandable and
plausible,

Motivated by this need to assess the progress of students
towards the distinctive goals of the new curricula, Heath (1964)
proposed four modes of cognitive style which he called "cognitive
preferences® or "differing modes of attending to the subject
matter of a course", Based on the cognitive style camstruct,
Heath developed a Cognitive Preference Test (CPT) which he used
to evaluate the achievement goals of the (then) new Physical
Science Study Committee (PSSC) curriculum. This model has been
widely and successfully employed in a large number of research
studies in the varicus areas of scimce education.

The cognitive style modes as originally given by Heath (1964)
and later illuminated by Van de Berg et al (1978), Jungwirth
(1980), Tamir (1981), Tamir et al (1982) and McNaught (1982) are:
Recall (R) or Memory (M), Principles (P), Application (A) and
Questioning (Q). A brief explanation of each of the four cognitive

style modes is presented below,

Recall (B) or ¥emory (M}
This mode refers to the recall or memorization of the

knowledge items of science such as specific facts or tems, It
indicates preference for or acceptance of factual scientific
information for its own seke without consideration of its
implications, applications or limitations,

Learners whose dominant preference is recall would tend to
learn and to remember names, numbers, definitions, formulae,

observations, terms, specific facts and the like,



Teachers who are recallers or who employ recall oriented
teaching styles would be expected to lay emphases along the

same directions in their science teaching,

Principles (m
This mode refers to the identification of a fundamental

principle underlying a scientific information, It indicates
preference for or acceptance of a sciemtific information
becauge it illuminates or exemplifies a basic sciemtific
principle, coancept or relationship,

A learner whose cognitive style is P would tend (to leam)
to identify relationships between variables, rules that cen be
arplied to groups of objects, organisms, phencmena or variables,
or to explain phenomena or draw camclusions based on the
underlying principle,

A teacher whoge dcminant preference is P or who uses a
mprinciple” teaching style would (in his/her teaching) tend to
arphasize the identification of fundamental principles, that is,
identification of relationships between variebles, rules that

can be applied to classes of objects or explanation of phenomena,

Application (4)
This mode refers to practical application of scientific
information, It indicates preference for or interest in

scientific information because of its usefulness and

application in a general, social or scientific cmtext,



Learners whose prevalent cognitive style is application
would tend (to learn) to identify practical applications related to
the scientific information presented to them,.
Teachers whose preference is predminantly application
or who employ application-oriented methods of teaching would
(in their teaching) tend to emphasize the use of scientific

information to solve problems in everyday life.

Questioning (Q)

This mode refers to critical questioning of information,
1t shows a predilection to critically question or challenge a
scientific information with respect to its campleteness,

gemeralizability and limitations,

A learner whose preference is for questioning would tend
(to leam) to challenge, critically enalyse or critically
conment on the general validity of the science infommation. She/
he would be inclined to gemnerate suggestions and hypotheses for
further investigations or to recognise a limitatim or extemnsion
to the information,

A teacher whose dominant cognitive style is questioning
or who uses a teaching style that is essentially geared tovards
questioning would (in lessons) tend to stress critical questioning
of information, challenging of the gemeral validity of the
information and the need to be on the lockout for flaws, weak-
nesses, inadequacies and cantradictions in a scientific

in{ormation,
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Heath's work represents a landmark in cognitive style
research because through his model he introduced a method of
measuring cognitive styles within the same context as that to
which the measurement would be applied, This is probably one
of the major reasons why the model has found popular acceptance
and application in science education which is a multidisciplined

field of knowledge,

Another likely reason is the immense potentials and
considerahle promise which (unlike the other so-called
cognitive style dimensions) the model holds out as a pointer
to possible ways of enhancing students' achievement gains in
science by improving the teaching-learning process, Heath used
the model to demonstrate differences in cognitive style between
a sample of students using the PSSC curriculum and another sample
of students following a conventional physics programme. He was
thus able to show that his model was potentially useful for
evaluating the success of the new science curricula as against
those of the more traditional courses ani for identifying
curriculum-related differences in cognitive styles of learners
(and their teachers). Both of these potentials of the cognitive
preference tegt have teen extensively explored during the last
two decadeg by scholars and resgearchers in science education in
a series of investigations which Heath's work had inspired,
The rcports of these investigations which are more directly
germane to the present study are rcviewed in detail in the next

chapter,
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In general the major focus of these studies have been on
the identification of cognitive style as the sole criterion
measure and the examination of the relationships between
cognitive styles and a wide variety of predictors, comprising
mainly of presage, context, process, and product variables
associated with leamers, curriculum materials and (to a lesser
extent) teachers., A presage variable is a teacher variable
(e.g. sex, age, teaching experiance, qualification,
motivatiomm), A context variable could be a student variable
(e.8. sex, age, ability, preleaming attitude), a school variable
(e.g. school type, location, size), or a classroom variable
(size, climate, number of periods per week, availability of
laboratory support personnel), Process variables refer to
teacher or pupil clagsroocm behaviours or to observable changes
in pupil bebaviour (e.g. teacher warmth, student participation,
student entmsiasm) while product variebles refer to outcome
variables in form of immediate or long-term pupil effects
(e.g. meaningful leaming of subject matter, post leaming
attitude, adult personality, professional or occupational skills)
(Dunkin and Biddle, 1974)., A greater proportion of published
reports is on the cognitive styles of leamers and on this,
quite a substantial amount of work has been done (Tamir, 1981;
Tanir et al, 1982; McNaught, 1982; Slmaibu and Ogunsola, 19837;
Joe, 1983; Okebukola, 1984/85; Omoifo, 1986; Okebukola and
Jegede, 1988 and Abah, 1988),
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Although some useful examplars have emerged from these
investigations, the findings have beem largely conflicting and
inconclusive, Nevertheless, there is indication that cognitive
styles of leamers may be influenced by their teachers, the
curriculum materials they use and the modes of instruction used
in teaching them, If these factors affect cognitive styles, the
exact nature of their influences remains uncertain end has to
be established through empirical research, For example, it is
not clear whether it is the cognitive style of the teacher,
Ids/hen personal characteristics, h:l.s(hox ‘elassroom behaviours,
the instructional mode(s) he{ahe employs, the cognitive styles
ipplicit in the curriculum materials used or a combination of
some or all of these factors which actually affect the leamers®
cognitive styles and how,

One point in which most researchers are agreed is that the
variety in the cognitive styles of students, identified through
numerous studies, indicates that stulents prefer to learn in
different ways. Hunt (1970) showed that students leam most
ef fectively if they are taught with teaching methods which are
consmant with their leaming styles, Dased on this ampirical
evidence and on the assumption that teachers influence the
cognitive styles of their students, Hunt proposed a matching
model in which he suggested that if the cognitive styles of the
teachera and students are known, it mgy be possible to maximise
leaming outcomes by matching teachers with a particular style

to gtudents having that same style,
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One implication of all these consideratims is that
differing modes of instruction corresponding to the identified
cognitive (learning) styles of students should be employed in
gcience classrooms., Thus there is need to idemtify, through
empirical research, the modes of instruction which have the
most generative effects on particular cognitive styles,

More importantly, what people usually prefer is not always
what is best or most desirable for them, There is no guarantee
that a leamer’s cognitive style would be educationally
desirable, Therefore, by shifting a leamer's cognitive style
from a particular orientation to a more desirable one (using,
for example, the goal of the educational programme - which is
usually derived from the societal goal - as a criterion) he may
be expected to learn more effectively,

Mmploying the defining issue-discussion (DID) method of
tcaching which is questioning-criented, Smaibu and Ogunsola-
Bandele (1968) have demongtrated that the cognitive styles of
students can be shifted from predominantly recall to questioning
through teaching. Thias attempt appears to lend support to the
notion that cognitive style is a leamable [rather than a fixed)
trait which cen be modified through training and maturation,
Specifically the study bhas suggested that it is possible to move
leamers from a predominantly recall style to a questioning style

if a suitable method of teaching is used,
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It may be pointed out that the defining issue - discussion
method of teaching employed by Shmaibu and Ogunsola-Bandele is
Jjust one out of a number of possible methods of teaching, and
me that is rather uncommon, There is, therefore, a need to
ascertain the (shifting) effects of other teaching methods,
egpecially the known and more familiar modes of instruction such
as teacher-led discussion, There is also the neced to find out
the instructional mode which is most appropriate for evolving
not only the gquestioning style but also other cognitive siyles,

In recognition of these needs, Smaibu and Ogunsola-Bandele

averred that:

It will be neceasary to try out other teaching
strategies in order to determine the most
effective one that would enhance the developmant
of a questioning cognitive style,

Indeed the need to identify instructional
strategies which may be matched to specific
styles recommenls itself,

In addition, it would equally be ingtructive to find out, through
empirical research, the effect of different modes of feaching o
the intereat orientatims of science leamers, MNost researchers
agree that interest is a learned and learnable motive (oodruff,
1962; Callahan, 1966; Hurlock, 1972; Hasan, 1975 and Shrigley,
1988), According to Hurlock (1972; 403) no child is born with
ready-made interests, Instead interestas are an outgrowth of
leaming experience., On the influence of leaming on attitude,
Baron et al [1977:105) have also written as follows;
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No ane would seriocusly suggest , . . that
children spring from the womb with all the
complex attitudes they will later show as
adults firmly in place. Rather, there is
virtually universal agreement that they acquire
these reactions in precisely the same manner
that they acquire other forms of behaviour -
largely through a prolonged period of leaming.

Interest ia considered a specific type of attitude, a sub=
concept of the broader attitude concept (Gardner, 1975;
Gardner and Toon, 1988), Nevertheless the true nature of the
influence (on interests) of some instructional variables like
methods of teaching is yet unknown,

The primary purpose of this study is two-fold: Firstly,
the relationship between the interest orientations and
cognitive style profiles of physics students is examined,
Jecondly, the effect of a specified method of teaching, the
teaclher~directed discuasion method, on both the cognitive style

and interest orientations of the physics students is investigated,

1.2 Gtatement of the Problem

The pianeering research study mu cognitive preferences in
science was carried out by Heath (1964) in the area of physics,
Heath's work sparked off a flurry of other research studies on
cognitive preferences in sciece., Interestingly and surprisingly
mogt of these researchers who worked after Heath shied away from
the discipline of physics and cancentrated mainly on biology

and chemistry in their probe of the cognitive preference attribute,
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Thns the number of research studies on cognitive preferences in
biology and/or chemistry is quite large. Although no overall
cansensus has emerged from the said studies, science educators,
researchers and curriculists have been obliged with a few useful
hints about the cognitive styles of biology and chemistry
students and (in some cases) their teachers,

In the area of physics the situation is quite different,
Very few researchers seem to have paid attention to the study of
cognitive styles in physics. Both in Nigeria and elsewhere
published reports of researches on the cognitive styles of
physics students are sparse, Most of the cognitive style studies
seem to be in the areas of chemistry and biology. However, a
recent study by Abah (1968) examined the pattems of cognitive
style (Heath's model) among science students offering plysics,
chemistry and biology in postprimary and tertiary institutions
in Zaria area of Kaduna State, Nigeria, One of the objects of
the study was to compare the cognitive styles of the subjects
across the three disciplines of physics, chemistry and biology.
The results showed that there were significant differences in
cognitive style across physics, chemistry and biology tims
suggesting the dependence of cognitive style on the nature of
the subject matter or information presented to the leamer,

More cognitive style studies of Abah's type are required in
Nigeria in the physics area in order to verify the findings of

research works already carried out and to ascertain the
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relationships between students' physics cognitive styles amd
some canmon educational predictor variables, Part of the
secondary purposes of the present study is to verify Abah's
findings with respect to (i) the pattern of distribution of the
cognitive styles, and (ii) the relationship between the cognitive
styles and career aspirations of predegree physics students.
With regard to the science interests of leamers, some
definite trends have been established through research studies
on interest., However, little progress has been made towards
securing needed and valid answers to questions dealing with the
development of science interests (Tyler, 1967; Ransey and Howe,
1969). Two such unanswered questions identified by Hasan (1975)
are:
1e Vhat instructional procedures and classroom
activities are most effective in fostering
interest in science?
2. What variables (teacher-student, home, socio—
economic, instructional, psychological, etc)

influence the development of science interests?

The present study addresses itself to the above questions, It
has been inspired by two recent studies carried out by Haussler
(1987) and Ogunsola~Bandele (1987).

Haussler measured the interest in physics of students aged
11-16 years attending three different types of school in the

Federal Republic of Germany, The design and instrumentation of



the study suggest a strong relationship between interest and
cognitive style, tlms lending additional support to the growing
canception of cognitive style as an affective attribute
(Payette, 1967; Ogunsola-Bandele, 1987 and Shuaibu and
Ogunsola~Bandele, 1988),

Ogunsola-Bandele (1987) in her study examined the effects
of two modes of teaching on the stability of the cognitive siyles
of a group of chemistry students in Nigeria. In the study she
presumed cognitive style to be an affective characteristic and
treated it as such, Specifically she explored the possibility
of shifting the cognitive styles of the chamistry students from
recall (R) to questioning (Q). Ogunsola~Bandele's major findings
ares
1. It is possible to move students' cognitive styles in a

desired direction using an appropriate teaching strategy.

In this case the direction was from R to Q and the

ingtructional approach was the defining issue-discussion

method,
2, The Defining Issue Test (DIT) originally used by Rest

(1974) to enhance the development of moral judgemat

provides an altemative means of measuring cognitive

stylaa.
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Cognitive styles of learmers can be indirectly and
dependably measured by using teachers' perception of

their students' cognitive styles, The researcher, however,
expreased due reservation about this particular finding
because of the relatively small number of teachers that

participated in the study (Ogunsola~Bandele, 1987:159).

The first finding (conceming the modifiadbility of students®

cognitive styles through teaching)is considered by this

researcher as a significant contribution of the study and is the

one that is directly gemane to the present research, The present

study has two primary purposes, namely:

(i) to investigate the relationship between the
physics interests and cognitive styles of a
graup of physics students; and

(ii) to ascertain the effects of the teacher-
directed discussion method of instruction
on both the interest and cognitive style

orientations of the physics students,

As its secondary objectives and in order to reverify and perhaps

reconfirm some of the findings of similar earlier studies such

as Ueyer (1970), Shaibu and Ogunsola (1983), Gardner (1985),

Haussler (1987) and Abah (1988), the study also attempta to

(1) find out the nature or pattems of the cognitive
gtyle and interest profiles of the group of physics

gtudents; and
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(ii) detemmine the differences in students' interest
and cognitive style orientations due to such

variables as gender, age and career aspiration,

The study specifically attempts to answer the following

questionss:

1

2.

e

4.

5e

What is the pattermm of the distribution of cognitive
styles among the subjects?
What are the orientations of the subjects® interests in
physics, interest being treated as a multidimensional entity?
Are there measurable differences in cognitive styles
between
(i) male and female students;
(ii) students of different ages;
(iii) students who aspire to different carcers in

science and technology?

Are there measurable differences in physics interest
between

(i) male and female students;

(ii) students of different ages;
(iii) students who aspire to different careers;
using the 3-dimensional model of interest proposed by

Gardner (1985)7

Are there any relationships between cognitive style profiles

and interest orientations among the physics students?
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6. Are cognitive style and interest profiles of physics
students modifiable through the teaching method (the

treatment) employed?

1.3 [Need for the Study

The paucity of the number of cognitive style studies
reported in the area of physics is a matter for genuine worsy
to sciemce educators in general and physics educators in
particular, especially those interested in cognitive style
research, The problems which cohibit researchers from delving
into the discipline of physics are probably those associated
with the perennial, global issues of poor student enrolment in
the subject and the general dearth of physics teachers,
Accordingly any research in the area of physics involving a
fair population of physics students or teachers as subjects is
bound from the outset to be more painstaking, cogt-intengive and
time consuming than the same study carried out in other achool
subject areas, There is, nevertheless, a real need for cognitive
style researchers to pay more attention than hitherto to the area
of physica, the associated odds and problems noiwithstanding,
The present study is in the area of physics, It attempts to
etanine the effects of instruction on the cognitive siyle and
interest profiles of physics students and the relationship

between the two attributes (interest and cognitive style),




22

There is enough evidence leading one to infer that students*
interests and cognitive styles in science may be fostered
through instruction but little is kmown about the influence of
some ingtructional variables {including modes of teaching) on
the development of these attrilutes., The present study seds to
ascertain the effects of the teacher—directed discussion (TDD)
mode of inatruction on the cognitive styles and interests (I:of‘
physics leamers,

It could be educationally valuable .especially for acience
teccher education and sciece c¢lagsroom pradtices if the TDD mode
oI ingtruction produces changes in some or sll of the leai'néra'
cognitive etyles and interest modses and if such changes prove %o
be consistent over time and location.

Reports of research on cognitive styles indicate that useful
paradigns have emerged alright tut the bulk of the findings
ranain incamclusgsive and conflicting., Again little is yet lmown
regarding how knowledge about cognitive styles can be used to
influence teacher education programes and science clagssroom
practices 80 as to enhance learming outcomes. While more
rescarch is necded to regolve the exigting inconclusive and
conflicting findings, there ig algo need to explore new directions
that would show how knowledge about copnitive style pmfiles can
help to raise the quality of science education and so increase
students' academic achievements in mcicnce, This point has bem

underscored by Shuaibu snd Ogunsole~Bandele {1988} when they

- -
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posited that: "These efforts at classification (of cognitive
styles), however, have limited educational value unless and
until they can be integrated with the teacher education programme
to improve the teaching-learning processes," It is hoped that
the results of the present study would contribute gignificantly
to the realization of these needs,

For instance, the existence of a relationship between
cognitive style and interest would have useful educational
implications, The dependence of interest on cognitive siyle,
for example, would imply that a modification of cognitive sfyle
through instruction could produce a corresponding change in the
interest orientation of the individual(s) comcemed. Non-
dependence or nonrelationship would mean that the teaching
approach could influence one attribute without necessarily
affecting the other, Therefore, the investigation of the
influence of the teacher-directed discussion method of
ingtruction on interest and cognitive style profiles provides
an altemative means of reverifying the possibility of a
relatinship between the two ~ttributes.

A relationship between interest and cognitive style could
also help to close the gap between interest which is an
affective attritute and cogritive style, essentially a cognitive
characteristic . Such a link may provide a good basis for a
better understanding of the interrelatedness and functioning
of other affective and cognitive variables which enter into

educational practices,
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Murthermore, confirmation of the affective nature of
cognitive styles and the establishment of a relationship
between cognitive style and modes of teaching might help not
only to improve teaching and learning gemerally but also to
facilitate the teaching of science affects, a task that has

repained intractably difficult,

1.4 Basic Assumptions

The following assumptions underlie the study:

1. Subjects would understand each item in both research
ingtruments, the Physics Cognitive Style Test (PCST) and
the Interest in Physics Inventory (IPI) and would,

therefore, make dependable responses to the items,

2, Science curriculum materials used at the secondary school
level in Nigeria (the CESAC and WAEC science curricula) are
more favourably disposed to the nurture of the Recall (R) and
Principles (P) cognitive styles, This assumption is intended
to control the influence of curriculum materials as
extreneous variables on the experimental part of the study,
Omoifo (19686) found that the pattems of cognitive styles
for CESAC and non-CESAC chemistry and biology students
were similar with R and P being more dominant than A and Q,

In addition Omoifo found that the pattems of cognitive
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styles implicit in the curriculum materials were R« P =~ A= Q
and R - P - Q -~ A for chemistry and biology texts respectively,
For both textual materials R and P were more doninant than A and Q
The cognitive style pattems were caongruent with the cognitive
style pattems obtained for the students who used the texts, This
suggests that both the CESAC and nmn~-CESAC curricula were more
oriented towards R and P than towards A and Q and that both
curricula influenced leamers' cognitive styles accordingly,
Omoifo's contention that the students® cognitive style pattem
(with recall as the most daminant) was probably ceused by the
influence of "the nature of the subject matter , . . and not of
the offect of the curriculum material uged" and her subsequent
conclusion that science curriculum materials in the Nigerian
context have minimal effects on the cognitive styles of the
students have been criticized in the present study (See 2.4.3;

pp. 69 - 72).

A recall-oriented cognitive style is agssociated with the direct
exposition/lecture mode of teaching, Evidence from research
studies show that the expository method of inatruction is
predominantly employed in Nigerian (science) classrooms (Agwari,
1978; Shaibu, 1979). The reported dominance of the recell
cognitive style among science leamers in Nigeria (Shuaibu and
Ogunsola, 1983; Joe, 1983; Okebukola, 1984/85 and Omoifo, 1986)
suggests a generative relationship between the teacher lecturing

mode of instruction and the recall cognitive style,
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4, A relationship between cognitive style and interest might
throw more light into the affective nature of cognitive
styles which was originally suggested by Payette (1967)
and confirmed recently by Ogunsola-Bandele (1987) and
Slmaibu (1988).

Se If cognitive style is related to interest, then mode of
instruction might have an effect on interest if it has
an effect on cognitive siyle,

6 A major prospect of cognitive style classification lies
in its potential and promise to assist ing

(i) the improvement of the quality of science teackers
prepared through teacher education programmes, and

(ii) raising the quality of teaching and leaming in
science classrooms, This potential, if it is real,
can be tapped through empirical investigations of
the type of the present study.

Te "Cognitive style" and "interest" are leamed and leamable
attributes rather than fixed characters and are, therefore,

nurturable and modifiable through teach:lng;

1.5  Eypotheses

In attempt to seek answers to the research questions of

the present study, the following hypotheses were tested:



Hypothesis 1

1{a) There is no significent difference in the cognitive
styles of the four groups of physics students in the experimental
design using Heath's (1964) four-mode dimension ({Recall,

Principles, Application and Questioning) of cognitive style,

1(b) There is no significant difference in the physics
interecsts of the four graups of students in the experimental
design using the three-dimensional model (Topic, Activity and
Motive) of interest proposed by Gardner (1985) and recently

anployed by Haussler (1987) and Gardner and Tamir (1989).

Dypothesig 2

2(a) There are no significant differences in cognitive styles

between male and female students who participated in the study,

2(b) There are no significant differences in physics interests

between male and female students who participated in the study.

lypothesis 3

3(a) There are no significant differences in cognitive style

between students of different ages who participated in the study,

3(b) ‘There are no significant differences in physics interests

between students of different ages who participated in the study,



Iypothesis 4

4(a) Students in the four groups of the experimental design
who aspire to different careers in science and techmology do

not exhibit significantly different cognitive styles,

4(b) Students in the four groups of the experimental design
who aspire to different careers in science and teclmology do not

exhibit significantly different physics interests,

Hypothosis 5

There is no significant relationship between studemts’
physics cognitive styles as neasured by the PCST and their

physics interests as measured by the IPI,

Iypotheais 6

The teacher-directed discussion method of teaching
(the experimental treatment) has no significant effect on the

cognitive style distributin of the subjects,

Lypothesis 7

The teacher-directed discussion method of teaching
(the experimental treatment) has no significant effects on

the interest profiles of the subjects.



Chapter 2

REVIE# OF RELATED LITERATURE
2.1 Introduction

The present study is intended to examine the relationship
between cognitive style and interest profiles of physics students
and the effect of a selected method of teaching {the teacher-
directed discussion method) on the two {ypes of protiles. A
congiderable emount of research has been carried out worid-wide
on students' interests and cognitive styles in science, This is
evidenced by the amount of published reports available in the
literature in science education. In gpite of this global
picture, only & limited number of research studies in these two
areas hags been reported in Nigeria in the field of science
education, The specific area of physics has generally received
the least at{:emtion on & global bagis. |

Reports located outside Nigeria [no‘tablir.the Unit.ed 3tates,
Barope and Augtralia} are rather scanty when compared with what
is available in the Same places in other science subject arcas.

In this chapter the literature related to the present
study is reviewed. The literature review has been organised

wmder the tollowing headings:

1. The concepts of interests, cognitive style and cognitive
.I;ret‘erence [meanings and significances); o

2. The multidimensionality of interest and cogmitive style;

e i‘he relationship of interest and cognitive style with

gome educational variables;

29
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4, The effect of instruction on interest and cognitive style;
De lﬁethoda or procedures uged by other researchers in
studying interests and cognitive styles in sciece;

b, The teacher-directed discussion method of teaching.

2,2 Meanings and Significances of Interest,
Cognitive Style and Cognitive Preference

2,2,1 Interest Concept

Interest is an atfective attribute and a subconcept of that
fanily of affective characteristics called attitude. Some of the
definitions of interest given by Chambers (1972) in the Chambers
Twentieth Century Dictionary include: advantage, benefit, concem,
importance; a Btaté of engaged attention and curiosity or a
disposition towards such a state, Thus interest implies some
element of gain, favour, regard, value, excitement or delight in
gsomething, It describes a predilection to attend to an opject
organism or event or to engage in some particular activities in
preterence to others.

Gapdner and Tamir (1989) have stated that:

The term "interest™ usually refers to a
preference to engage in same types of
activities rather than others, An interest
may be regarded as a highly specific {ype of
attitudez When we are interested in a
particular phenomenon or activity, we are
favourably inclined to attend to it and give
time to it.

Interest provides a strong motivation to leam especially
when the individual in question considers the interest object

to be of benetit or advantage to him (Shane, 19%7/; Hurlock, 1972).
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The close relationship betweem interest and motivation largely
infomed the efforts of educators in the past to cultivate
students' interests (including science interests) and this was
largely instigated by John Dewey (Super, 1960). As long as
an individual finds an activity emjoyable or satisfwing, his
interest in it remains high,

Gardner and Khoo Siek Toon (1988) and CGardner and Tapmir
(19589) have, however, pointed out that attitudinal temms such as
'enjoyment' and 'satisfaction' are closely associated and of ten
correlated with interest but are not necessarily synonymous
with it, The authors further explain that a person may enjoy
a meal without being interested in it, or may dislike a meal
but still display sufficient interest in it by asking about the
recipe. A person may also be interested in issues towards which
he “as a negative attitude (racism, corruption, child abuse,

nuclear warfare), The person's interest in such a situation

reflects a positive attitude towards learmning about the issue

even though he holds a negative attitude to the issue itself,

Thus interest in something does not necessarily imply a liking

for that thing. Indeed the person who asks for the recipe

of a meal he dislikes may b2 merely driven by sheer curiousty

to find out the ingredients which have been used in preparing

such an 'unpleasant' meal, Interest could, therefore, be positive
or negative or rather (to be more correct) interest could be

gcencrated by a positive or negative attitude towards something.
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GCardner and Temir heve in addition pointed out that
interest can be regarded as either a trait (predisposition) or
a state (emotional feeling), Whemn, for example, it is said
that an individual is interested in physics, this is not meant
to imply that the individual demonstrates this inferest
24 hours a day. A predisposition, bebavioural intention or
trait of the individual is merely implied. On the othcr hand
if it is said that an individual is displaying an interest in
physics, it implies that the student is currently doing
something (i.e., engaged in an observable activity) in a manner
wihich indicates the presence of a positive feeling, This is a
description of current behaviour or state,

Krathwohl et al (1960) conceptualised the tem "interest
in scimce" as denoting a range of meanings that extends from
positive feelings towards science to complete absorption in
scientific enquiry., In this study interest is defined as a pre-
disposition or state of an individual which enables him to attend
to a particular object, event, phenomenon or activity in

preference to others,

2.2.2 Cogpitive Style Concept

Cognitive style is an aspect of individual or personality
differemce, It is both a psychological and an educational
character which is useful for classifying or differentiating

between individuals with respect to the kind of approach they
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adopt to problems and leaming tasks, The investigation of

the camcept of cognitive style originally started with attempts
to explain individual differences as personality variables
(Williams, 1975:62).

Cognitive styles have been conceptualised and defined in
various ways, According to Field and Cropley (1969) cognitive
styles are "the ways in which an individual'a cognitive
functi ning and organisation appear to be characterised by
idiogyncratic consistencies"., Kogan (1971) defined cognitive
style as "individual variation in modes of perceiving,
remenbering and thinking, or as distinctive ways of apprehending,
storing, transformming and utilising information". Kempa md
Dube (1973b) see cognitive styles as "characteristic modes in
which individuals can attend to infommation or tasks presented
to them", This suggests that cognitive styles are learning

styles,

Witkin (1973) perceived cognitive styles as characteristic
modes of functioning which people show throughcut their
perceptual and intellectual activitics in a highly consistent
and pervasive way, Williams (1975) who elso viewed cognitive
styles as "preferences™ defined them as "the characteristic wagy
in which persons prefer to conceptualize and organise the
stimilus world"™, Pringle and Morgan (1978) in their owm
definition stated that "cognitive style reflects a characteristic
and consistent mode of cognitive functioning exhibited by the

lcamer in accommodating intellectual and perceptual experiences".



From the aforestated definitions it would appear that
there is hardly any disagreement among researchers with regard
to the way in which cognitive style is conceptualised. Clearly
there is a gemeral assumption that individuals differ in the
ways in which they deal with or attend to a problem, a
situation, learning task or information which is presented to
them., The way a persa deals with or attends to such a problem,

situation or task is a function of his "cognitive stylev,
Dealing with or attending to the situation, infomation or task
involves such activities as thinking, perceiving, conceptualizing,
leaming, remembering, apprrehending, storing, organizing,
utilizing, presenting, teaching and so on., Cognitive style is,
therefore, a concept that entails a wide range of perceptual
and intellectual activities,

This probably explains the reasoning behind a few unique
definitions that have also appeared in the literature, TFor
example, Broverman (1964) stated that "cognitive styles have
been conceptualized as relationships between abilities within
individuals™ while Smaibu and Ogunsola (1983) defined cognitive
style in science as "the mode of presentation of science
in{ormation which an individual student would find it easiest
to remember”, Kagan, Moss and Sigel (1963) also defined
cognitive styles as "stable individual preferences in mode of
perceptual organization and cmceptual categorization of the

extemal environment"®,
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Brovermen's definition when viewed against that of Kagan
et al raises the question whether cognitive styles are
mpreferences” or "abilities". Gardner (1963) claims that the
distinction between cognitive style as preference and cognitive
style as ability may be largely artificial although his own
writings are more casistent with the preference interpretation,
#illiams (1975:61) bas, however, argued that:" since numbers of
writers have recognised the presence of cognitive styles in many
different forms of behaviour, it seems more meaningful to
conceptualize cognitive styles as stable preferences which
manifest themselves in and affect abilities, rather than as
abilities themselves,” The definitim by Kagan and his
nsgociates also introduces the idea of "stability" into the
cognitive style concept. There is research evidence which tends
to su;port the view that cognitive style is a stable phenomenon,
On the other hand some evidence exists also which lends support
to the suggestim that cognitive styles are unstable. The
question of the stability of cognitive styles is discussed in
greater detail in section 2,4 of this report.

Shuaibu and Cgunsola's definitian is strictly operational
with particular reference to their study. In it, however, the
authors have implicitly asserted the equivalence of cognitive
styles and learning styles and also restated the presumed close
relationship between leaming modes and teaching modes, Most

rescarchers are agreed that cognitive styles and leaming styles



are synonymous and assume that there is a close relation
between leaming styles and teaching styles. Learming style
has been defined as an individual's preferred mode of
problem-solving, thinking or learning (Adeyanju, 1985).

In science education, interest in the idemtification,
classification and measurement of cognitive styles centres on
their potential value for educational practice. Kempa and

pube (1973) identified two such values as;

First, the knowledge of such styles may provide a
basis for adjusting instructimal strategies to
the leaming characteristics of individuals,
Second, cognitive styles may be seen as parameters
additional to the conventional cognitive and
affective measures, to be cangidered in the
assessment of an individual's intellectual
performance or in the cvaluation of educational
process,

Messick (1970) had earlier suggested that cognitive styles
"promise to provide a more complete and effective characterisation
of the student than could be obtained fram intellectual tests
alone", Other prospects of cognitive styles and cognitive style
rescarch such as the possibility of "cognitive matching",
provision of new bases for formulating cbjectives for new
scicnce courses and the establishment of clear relationships
with other variables have been recognised and outlined {Tunt,
1970; Oyedum,1982),

It should be pointed out that the use of the tem "cognitive
style" is not uniform, Other terms which are also uced

synonymously to cognitive styles include "cognitive system



principles® (Holzman and Klein, 1954), "cognitive variables"
(Pettigrew, 1958), "cognitive control™ (Gardner, 1959 and 1960),
"thinking or intellectual styles” (Heath, 1964; Wallach, 1965),
"leaming styles" (Hudson, 1966; Cropley, 1967; Keefe, 1979) and
"leaming strategies" (Brunner et al, 1965; Pask, 1976).
Differences may exist in the nature and number of specific
constructs identified by proponents under each of these

labels but the cmstrcts described by each temm are difterent

types of cognitive style.

2.2.% Cognitive Pr

The term "cognitive preferences™ with its associated
congtruct and test instruments was created by Heath (1964) in
attempt to measure not "whether the student can identify correct
or incorrect infomation, but rather what he is likely to do
with information intellectually"™, Since then numerous research
studies based on cognitive preferences in science have been
conducted in different cantexts using the so called Cognitive
Preference Test (CPT). From the reports of these studies, two
major views of cognitive preferences have emerged in the
literature,

One school of thought, notable among whom is Pinchas Tamir
of the Hebrew University, Jerusalem, perceives cognitive
preference as a type or class of cognitive style (Taair, 1975,

1981, 1982, 1983, 1985; Tamir and Kempa, 1977; Tamir et al, 1982;



McHaught, 1982; Okebukola, 1984/85 and Okebukola and Jegede,
1968), Some of these authors in their writings frequently use
the expression "cognitive preference styles" in place of
"cosnitive preferences”. To them cognitive preferences represent

a subset of the universal set of cognitive styles; i.e. a class
of cognitive styles.

A second school of thought among whom are Heath (1964),
Kempa and Dube (1973), Ogunsola (1981), Smaibu and Ogunsola
(1983), Ogunsola~Bandele (1987), Shuaibu (1988) anl 3maibu and
Ocunsola-Bandele (1988) conceptualise cognitive preference as
an intermal unseen factor which influences the overt exhibition
of cognitive style, Ogunsola (1981, 1987) accepted Xozan's
(1971) definition of cognitive style as "individual variation in
modes of perceiving, remembering, and thinking, or as distinctive
uays of apprehending, storing, transfoming and utilizing
information" but defined cognitive preference as the internal
unseen mode of an individual that leads to exhibiting the
cognitive style which can be seen externally i.e, it is the
underlying intemal factor in the exhibition of a cognitive
style”. In the same vein Shuaibu and Ogunsola (1983:102)
degseribed cognitive style as "the demonstrable manifestation of
a cognitive preference". Thig suggests that copgnitive style
may be cansidered to be an outward (extemal) manifestation of
an invard (intemal) disposition called cognitive preference,

Interestingly most authors from within and outside both
schools of thought apparently assume the equivalence of cogmitive

astyles and cognitive preferences and in their writings tand to
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use the two terminologies interchangeably. They also accept
the use of Cognitive Preference Tests, originally designed by
Heath (1964) for measuring this cognitive style, This may not
be surprising but rather suggests that the two views deacribed
above complement rather tham oppose each other, For how else
should the apparent consensus among researchers about the
equivalence of cognitive styles and cognitive preferences be
logically explained?

However, a careful cansideration of the issues involved
seems to indicate that the situation is far froa being
satisfactory and a clarification of conceptims sems to
recormend itself. Some of the questions which are raised in

this regard are:

(i) Is the tem "cognitive preferences" suitable for
describing ™modes of attending to the subject matter
of a course™

(ii) Are "cognitive styles" and "cognitive preferences"
really equivalent?

(iii) "hat does a Cognitive Preferance Test actually measure?

¥ith respect to the first question, it would appear that the
termm "cognitive preferences" used by Heath to describe "modes of
attending to the subject matter of a course" is a misnomer! If
cognitive preference is a type of cognitive style, then it is
merely a smaller class of a larger family, Furthcruore, its
nanifestation must be influenced by an intemal unsean factor

nowm as "cosnitive preference™, It, therefaore, sounds not only



tautological but also superfluous to employ tue temm

"cognitive preferences" in describing a class of cognitive
styles, Indeed quite a few types or dimensions of cognitive
style are already known: field-dependence versus field-
independence, levelling versus sharpening, reflectivity versus
impulsivity, serialists versus holists, focussers versus
scanners, and breadth of categorization among others, It would
scen that each of these knowm cognitive style types is associated
with an underlying intemal tactor (cognitive preference) in its

overt manifestation, If this is the case, it would then seem

illogical to use the term "cognitive preference™ to describe a
dinension of cognitive style, and then subsequently to talk of
a "cognitive preference style".

It would seea that the concept of cognitive preference
gtands begide but not necessarily within the cognitive style
concept. The two cancepts are closely related but probably not
identical, It is the view of this researcher that Heath's
"nodes of attending to the subject matter of a course" constitute
a class of cogmitive styles and may be called Heath's cognitive
styles or Heath's cognitive style model, Using the expression
"cognitive preterences" to describe this dimension of cognitive
s‘:t;yj.e appears mappmpﬁata and has apparently created
conceptual problems with regard to cognitive siyles and cognitive
preferences. In particular it has inhibited the nurture of a

holistic view of each of these two concepis especially the
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cognitive preference cancept. As Brosn (1975) has already
pointed out, more studies are needed to facilitate the
understanding of the true nature of cognitive preferences but
this time not merely with respect to Heath's "modes of attending
to the subject matter of a course" specifically but in relation
to tae concept of cognitive styles in gemeral,

Hdowever, it could also be argued that the temm "information
processing mode"™ is equally not unique and suitable for
describing Heath's modes of attending to the subject matter of
a course, The argument would be that almost every cognitive
style is in reality a mode of processing information, 3uch a
contention would be right., In fact, Xempa and Dube (1973)
defined cognitive style as "characteristic modes in which
individuals can attend to information or tasks presented to
them". The field-dependence-independence cognitive style has
bemn described as "two contrasting modes of information
processing" (Babalola, 1979).

This perhaps makes one appreciate Heath's probleam in
choosing a suitable label or terminology for his cognitive
atyle dimangion, 1t also means that finding such a suitable
label, which is necessary in order to clarify the cogitive
style and cognitive preference concepts, is a problem which
rescarchers and theorists interested in this field will have to
solve, Perhaps, and until such a label is found, it might be
more aprropriate to refer to these modes of attending to the

subject matter of a course (recall, principles, application and
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critical questioning) simply as Heath's cognitive style model,
Heath's cognitive style dimension or Heath's information

processing modes rather than as '"cognitive preferences'.

If the contention of wrong use of nomenclature to describe
modes of attending to the subject matter of a course is acceptable,
then the remaining two questions are easily answered,

Concerning the equivalence of cognitive styles and cognitive
prefercnces it may be argued that since cognitive preferences
have been interpreted as the "intcrmal factors in the exhibition
of cognitive styles", they cannot be equivalent to copgnitive
styles. The two concepts would seem to stand beside each other,

closely related but not necessarily identical,

However, what Heath (1964) erroneously described as
"cognitive preferences" but which in reality are demonstrable
modes of attending to information or modes of processing
information actually constitute a class of cognitive styles,
This, therefore, implies that these information processing modes
or information processing styles are equivalent to cognitive
styles but only in the sense and to the extent that the part
may be equivalent to the whole. 1In other words, Heath's four
information processing modes (recall, principles, application and
critical questioning) are no more equivalent to cognitive styles
than "mangoes are equivalent to fruits" or 'cows equivalent to
mammal s™:

The third and last question concerns what a Cognitive
Preference Test (CPT) actually measures. Following the

aforestated srgpuments, it may be furtker submitted that what
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has until now been known as Cognitive Preference Test should
in reality be called Cognitive Style Test (to use a rather
gemeral term) or Heath's Cognitive Style Test (to use a
more specific term)., The former is in recognition of the fact
that the instrument is measuring cognitive styles while the
latter merely specifies the type of cognitive styles the
ingtrument is measuring, namely, Heath's model of cognitive styles.
The thesis in this study is that Heath's type of instrument measures
what are overtly expressed (cognitive styles) and not necessarily
what lurks undemeath (cognitive preferences) whose true nature
is probably not yet grasped, In fact some researchers seem to
h:ove recognised this truism: Ogunsola (1981, 1987) and Shuaibu
and Ogunsola (1983) used Heath's type of instrument to study the
cognitive styles of chemistry students, The authors called the
40-item chemistry instrument Ogunscla Cognitive Style Test
(0CST) and throughout the bodies of the three reports made it
clear that they were measuring cognitive styles and not cognitive
preferences,

In the present study cognitive preferences are
conceptualised as unseen internal modes which influence the
overt manifestations of cognitive styles, Heath's (1964) famous
four modes of attending to the subject matter of a caurse, on
the other hand, are perceived as a distinct model or dimension

of cognitive styles,
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2,3 Multidipenpionality of Interest and Cosnitive
Style

2.3.1 Multidimengiopality of Interest

Barly attempts at measuring interest in a science subject
(such as physics) treated the interest canstruct as if it was
a unidimensional entity and subsequently employed a single
measure of interest as the independent variable. For example,
the Strong Vocational Interest Blank (Strang, 1943; Blake, 1969),
the Kuder Preference Record used by Mallinsom and Van Dragt
(1952) and the Academic Interest Measure (Halpem, 1965) all
contain scales measuring science interest, However, no attempt
was made at this stage to investigate the structure of interest
within any science subject area,

Later investigatims indicated that interest in a subject
could reflect various topic-based dimensiong, Factor analysis
of Coolgy and Reed's (1961) Science Activity Inventory by
Walberg (1967) revealed that interest in nature study was quite
distinct fram interest in applied biology. Thereafter (and until
recantly) little attempt to study the science interests of
students beyond the topic component seems to have been made,
The tendency has been to regard 'interest in science', as
gynanymous with 'interest in its subject matter', at best with
distinct patterms of interest being reflected for different
topics, Cardner (1984) warned against this tendency and argued

thats" Although it is certainly possible that many students
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find some or most of the subject matter of some scimce
discipline intrinsically interesting, it is conceivable that
science subject matter may be instrumentally interesting,
serving as a means of expressing other kinds of interest."

As examples, he observed that some students may be interested
in gcience because it gives them the opportunity "to make things
and tinker with equipment". Some may appreciate practical work
because they can work in small groups with their friemds, or
becanse they prefer to do independent work rather than listen
to "streams of teacher-talk", Some students may yet feel bonds
of friendship with their teacher and respond by displaying

deep inveclvement in classroom leaming, Other students may be
interested in science as a means to an end, for example carcer
aspirations, social status, parental approval or personal
satisfaction, For such students the subject matter of the
science subject may be somewhat incidental,

The author further argued that there may be a variety of
reagsong extrinsic to the subject matter itself which may be
respongible for a particular task being interesting to a
particular student, Gardner (1984:26),therefore, suggested that
in studying the interests of students in science subjects "™we
need to examine the characteristics of students: what motivates
them, what kinds cof activities and social situations they
prefer, in order to understand why certain kinds of lecaming

tasks are (or are not) interesting",
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In an international overview of students' interest in
science and tecmology, Gardner (1965) again criticised the
practice by which researchers treat 'interest' as if it was
unidimensional, He contended that argument could be put forward
for at least three distinct dimensions (or components) of
interest, namely,

* gubject matter (or topic) dimensionm,

* eoxtent of commitment dimension,

* purpose dimemsion,

The three proposed dimemnsions can be easily defended. 7ith
respect to the topic dimension, it is possible that a science
student may have very high interest in mathematics but low
interest in biology. More importantly, a student who is
interested in physics may have high interest in electricity and
optics but little interest in mechanics,

With respect to the 'extent of commitment' dimension, it
is possible that given two students who are genuinely interested
in biology, mme is contented with what he joyfully leams at
achool while the otkher back at home collects sample specimens to
examine them more closely, visits ecological locations and reads
books on evolution, These two students surely show different
degrees of commitment to the study of biology. Finally,
cancerming the purposes dimension, it seems reasonable to
suggest that students' interest in a science subject may differ
becaugse of the way in which they intend to use the lnowledge

gained in that subject.
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Gardner (1985:24) acknowledged the influence of Yager's
(1982) goal model on the analysis that yielded his three
dimensions of interest. Yager idemntified a set of four goals

which science teaching should be concerned withs

% persmal neads,
* gocietal issues,
# academic preparations,

* career education/awareness,

According to Gardner, Yager's list of four goals led him to ask

the following questions:

(i) To what extent are students intercsted in using
gcience to meet persanal needs?

(ii) To what extent do science students want to learn
about environmental and energy issues which affect
gociety at large?

(iii) How strongly are science students motivated by the
possibility of pursuing academic work in science?

(iv) How many students are willing to consider the

possibility of scientific or technological career?

These questions (or rather the anawers to them) together with
the list of goals that generated them, provided the basis for
the derivation of Gardner's three interest dimensions,
Yager's list of goals apart, it would also seem that a
careful consideration of 'science' as an enterprice (its

doseription and definition) could also lead one tovarda the



throe dimensions of interest proposed by Gardner, A
description of science would reveal at least three major
conponentss
(i) science as a product of inquiry - which reflects
the 'topic' dimension of interest;
(ii) science as a process of inquiry - which is related
to the 'extent of commitment' dimemsion of interest;
(iii) science as a human and social enterprise - which

points to the 'purpose' dimension of interest,

M individual's interest in science may be an aggregate of the
fascination held for him by a combination of aspects of these
major components of the enterprise,

Inspired by Gardner's (1984, 1985) works, Hausaler (1987)
derived three similar dimensions of the construct 'interest in
physics'. In doing this Haussler used a curricular nodel of
physics education earlier developed by the author and hia other
associates (Haussler et al, 1982) in their study on desirable
physics education in the Federal Republic of Gemany, Haussler's

dimensgsions for students interest in physicas are;

(i) 'Topic' dimension: This refers to intereat in a
particular subject matter or topic of physica,
(ii) ‘'Context' dimensiong This refers to interest in
a particular context, motive or situation in which

the topic is presented,
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(iii) ‘'Activity' dimemsion: This refers to interest in
the particular activity one is allowed to engage

in, in conjunction with that particular topic.

Haussler's dimensions are clearly similar to Cardner's and
are alao related to Yager's (1982) four concemns of science
education already referred to, For each of these interest
dinensions Haussler further identified several sub-dimensions
of interest in physics which he describe as 'categories' of the
main dimensions, The author used these dimensions and their
catezorios to design an instrument with which he studied the
interest in physics of students betwean 11 and 16 years in the
Federal Republic of Germany. A major finding of the study was
that the context dimension was by far the most dominant of the
three dimensions, making the greatest contribution to a

student's overall interest in physics.,

™wo recent studies (Cardner and Xhoo 3iek Toon, 1988 and
Gardner and Tamir, 1989 a & b) employing the three interest
dimensions proposed by Gardner have also been reported, The
first study dealt with the design and validation of an instrument
for measuring interest in mathematics conceptualised as having
tie three dimensions; topics, activities and motives, Factor
analyais was used to established distinct sub-dimensions for
exch of the three main dimensions, In both studies, however, the
authors used the temms 'conponents' for the three dimensions and

‘dimensions' for the sub-categories within the components.



The secoand study in which the authors investigated students'
interest in biology (also conceptualised in terms of three
components; topics, activities and motives) is in two parts,
The first part deals with the construction of the instrument for
measuring interest, Seven instruments in all were developed and
adninistered to grade - 10 students in Isreal. Factor malysis
was used to confirmm the conceptualization on which the
develoramt of the instrumant was based. In the secand part of
the study, the developed instrument was used to invostigate the
relationship between students' interest in biology and their
grade - 11 enrolment intentions,

In view of this current thinking of interest as a
multidimensional variable and the fact that it appecars to be
gaining eredibility, it may be expected that future researchers
would adopt this approach in probing the interest attritute,

In the present study interest in physics is also conceptualised
alonyg the three dimensions employed by Haussler and Gardner and
his associates, namelys topics, activities and motives. M
interest in physics inventory is used to ascertain tle
relationship betwean intereat in physics and cognitive style in

physics,

2.3.2 Multidimensionality of Cognitive Style

Researcuers agree that cognitive style is a nultidimensional
variable, However, the picture does not seam to be as clear and

tidy as in the case of the interest construct, even tho gh
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multidimensionality of interest is a recent proposition,
Various types of cognitive style (at least not less than 30
distinct labels have beean located) originally proposed at
differant times by different researchers are identifiable in
the literature, The preponderance of cognitive style types in
the literature is probably due to the multidimensionality of

the cognitive functioning of individuals which is also duly
recopmised and accepted (Field and Cropley, 1969; lessick, 1970;
Kenpa and Dube, 1973a and Villiams, 1975).

It is, however, doubtful if every camstruct that has bea
proposed as a distinct 'dimension' of cognitive style actually
qualifies to be so, Among what have been put forward in the
literature as possible dimensions of cognitive style, come
measure of overlap, similarity or relatedness is
noticeable in certain cases, For example, the analytical versus
non-analy tical cognitive styles (Kagan et al, 1963) are similar
to the field-dependence versus field-independence cognitive styles
proposed by Witkin (1950). The field-dependent person is global
and less analy tical while tie field-independent individual is
more articulate and more analytical, The similarity between
the two categories of cognitive style (field-dependence and
analytical styles) has been acknowledged by Kagan and his
associates (Williams, 1975:62)., In the same vein the
introversion - extroversion styles suggested by Sysenck (1970)

have so much in common with Kagan's (1965) reflective -

inpulsive styles that one is tempted to suggest that Foenck



merely proposed new labels for the cognitive styles which
Kagan had identified earlier,

Hills (1982) has even suggested that some of the proposed
dimensions of cognitive style may be mere factors ™which appear
to have an influence on cognitive atyle". He cites as an
example, Bruner's (1956) 'learning strategies' which are
claimed to be used by children in concept formatim, .Another
exanple is the set of 'cognitive styles' investigated by Field
and Cropley (1969), namely: mental operations, originality and
flexibility, 'Mental operations' refers to the last Piagetian
stage of mental development which starts at about age 11 and
extends into adulthood., It seems more reasonable to consider
this as a 'factor' which could influence cognitive style
rather than as a cognitive style itself. Poth 'originality® and
'flexibility' are among four distinct factors affecting creativity
which were delineated by Guilford (1950) using factor analysis
tectmique, All these observations, however, are views not
substantiated by empirical evidence and so can neither be accepted
as being correct nor be dismissed as untrue. Nore research is

necded in the area of cognitive styles before definite conclusions

could be made,

The aforestated problem concerning the dimensionality of
cognitive style (i.e. the lack of clarity concerning the status
of the varicus dimensions) is partly caused by the lack of
congengug among researchers and theorists in the choice of

nomenclature for describing major groups and their sub-groups.
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The problem is a general one. For example in the case of
interest measurement, Gardner employs the terms 'components’

and 'dimensions' to describe the main dimensions and the sub-
dinensions (of interest) respectively whereas Haussler uses the
tags 'dimensions' and ‘categories' respoctively to describe same,
Rescarchers in psychology and education may talk of 'global' and
tarticulated' cognitive styles on the one hand or about 'recall'
and ‘application' cognitive styles on the other, Only the
initiated, however, would recognise the fomer of these styles
as the sub-dimensions of the field derendence versus field-
independence dimension and the latter as two sub-dimensions of
the dimension of cognitive style which Heath (1964) described

as "cognitive preferences'., Since, however, neither educational
nor psychological research is intended to be esoteric, the

neced for recearchers and theorists to adopt a generally accepted
convention for this type of classification cannot be over-
enphasized,

J#ith respect to the dimemsionality of cognitive styles, a
careful study of the various identifiable cognitive styles aimed
at classifying them into major dimensions and sub-dimensions
would not only be appropriate but also quite useful. uch a
taxonomy is, however, not part of the object of the present stuly.
Owving to space constraints it is not possible to present here
even brief descriptioms of the major cogpitive style dimensionsg
or cognitive style types identified in the literature. For
theoge descriptions the reader is referred to the works of

llessick (1970s329-341), Ogunsola (158133-6) and Abah (1986:20-3T7).
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A coumon feature of many of the identified styles needs
to be pointed out: Many of these cognitive styles are each a
continmum defined at the poles by either of a pair of opposite
dyads, Jith such cognitive styles, it is assumed that individuals
can be placed somewhere upon the continuum which extends between

the extremes of the pair of altematives,

2.4 Relationship of Interegt and Comjitive
Style with Selected Variableg

In this section literature which deals with the relationship
of interest and cognitive style with some selected variables is
reviewed, Pive variables are selected for the revicw: gendar.
acalemic achievement, curriculum effect, teacher effect (i.e.
teacker characteristics) and teaching method, Zachk variable Las
bem chosen an the basis that it is relevant to the present study
and is a potential contributor to the interest and cognitive

style profile of a physics student.

2.4.1 How Interest and Cognitive Stvle are
Related to Cepder
2.4.1,1 Interest and Cender

Gender is probably the variable that has been probed most
by those who study the science interests of students. Results
of nany of these studies have revealed definite sex-related

differences in the interest profiles of learners (Gardner, 1974;
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Hasan, 1975; Gardner, 1985 and Haussler, 1967). In his
intemational overview of students' interests in science and
tecknology, Gardner (1965) has outlined the distinct differences
observed in the pattems of sciemce interests of males and
females. A summary of the generalizatims which eamerge from

the review provides a dependable picture of the prevalent

situation and is presented belows

(i) Males show greater interecst in science at the upper
primary and lower secondary levels; they are more likely
to enrol in science subjects at the upper secondary and
tertiary levels of education; they are more likely to
proceed to postgraduate work in the sciences,

(ii) Males are more likely to aspire to a science-based
career; they are more likely to study science with a
career in mind; engineering and tecmology careers are
almost exclusively the preserve of males in most countries.

(iii) Males are more likely to be interested in physics and
tecmology, in understanding how things work and in
leaming practical skills,

(iv) Females are more likely to be interested in biology
(particularly human biolosx); in social science topics,
in social implications of gcience and in leaming
geience for its intrinsic value rather than for

career purposes,
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(v) Fénales tend to perceive science as more difficult and
are less likely to feel confident about their ability
to study ascience. | .
(vi) Males are more likely to hold negative stereotypes
about famsles who study science with the result that
females who enrol into the scimces are likely t¢ be
confronted with male disapproval,
(vii) Females are less likely to receive favourable advice
| gbout enrolling in science subjects,
(viii) Co—educatiocn appears to encourage the separation of
male and female studemts into the physical and

biological sciencos,

These generalizations portray the global trends in gender-
related differences in the interest ocrientations of learners and
are supported by empirical observations in many countries. For
example in Western Australia, Jennings and Zadnik (1980) found
that the ratio of male/female enrolments in physics at tertiary level
was 4.6:1 at the physice major level and 11,631 at postgraduate
lovel. 4also Dillon {1983) found that out of 31,000 members of
the nstralian Institute of Engineers only 90 of them are women.
The sciemtific and teclmological advancement of any nation
surely rests with her men rather than with the women,

In Nigeria this truism gives disturbing signals for the
future of science and tecmology in the countrye In ztates like
Ananbre there are indications of a recent general spathy, not to

science education but to schooling generally on the pa:t of male
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children, The need for all those cncerned with the education
of children (parents, guardians, teachers, educators and those
in government) to take firm positive measures to arrest this
bad situation (in the interest of the future scimtific and

tecinological growth of the country) cannot be over-stressed.

2.401-2 Co tiv 1

Most of the studies which investigated the relationship
between cognitive styles (Heath's model) and gender were carried
out by Tamir and his associates. One of the studics (Tamir,
1975) used a sample of 959 Israeli 12th grade bioloiy students
out of which 468 were males and 521 were females. The results
shoved that wales had higher preference for Q and A while the
fenales had higher preference for P. The study also revealed
significant interactions between sex and the type of curriculum
studied, Females studying the new Biological 3ciences
Curriculum Studies (BSCS) course displayed the lowest preference

for R while the non-BSCS display the higheost preferace for R.

An earlier comparison done by lumping all males and females
together (irrespective of curriculum studied) had concealed this
latter significant sex difference with respect to R, This result
suggests that the type of curriculum studied affects female
studenta' cognitive styles more than that of the males,

Tamir and Kempa (1977) investigated the copnitive
preferences of first year college students in Israel and Canada

and their relationship with sex (azong other variables), The



gsample was made up of 225 males and 74 females. No significant
differences were found in the cognitive preferences of the two
EToups,

In another study (Tamir and Kempa, 1978) in which the
cognitive styles across three science disciplines were examined,
the authors also investigated the influence of zender on the
cognitive styles. The subjects were a stratified random sample
of 10th grade Israeli students (N = 599). The proportion of
males and females in the sample were not stated, Analysis of
data showed that boys had a higher R score in physics while
girls had higher P score in chamistry, These two differences
were significant at 0,05 level, In all other comparisons, no
gignificant differences were obtained. The difference found was
rather small considering that three science disciplines were
involved, It is also signiricantthat no sex differmces were
found in biology. It would seem that among the 10th grade
acience students, gender did not significantly affect cognitive
styles, Tamir and Iunetta (1978) also found no significant
gex differences in the cognitive styles of a group of talented
hizh school students studying biology.

™o studies in Nigeria investigated gender-related
differences in the cognitive styles of leamers: JSlmaibu and
Ogunsola (1983) examined the cognitive style orientations of chemistry

students in the School of Basic Studies (3BS), Almadlun Bello
University (ABU), Zaria, They found that males did not differ

significantly from the females in their cognitive siyle profiles.



In the secand study Joe (1983) investigated the cognitive
preferences of another group of Nigerian students studying
biology. Again he found no significant differences anong the
subjects in all four cognitive preference areas: R, P, 4 and Q.
Of all the studies reviewed, only among Israeli 12th grade
biology students were any meaningful sex differences in cognitive
atyles observed, Veak differences were found among Israeli
10th graders in all three main science subjects: Physics,
chenistry and biology. It does appear that gender does not
exert much influence on cognitive styles. To find out what the
picture is like in the Nigerian cmtext, gender differaces in

the cognitive styles of physics students were examined in the

present smda';

2,4,2 How Interest and Cognitive Style are
lat to hi evean

2ede2.1 Interest and Achievement

General expectation and belief among educators and teachers
is that a strong relationship exists between interest and
achievement, However, available research evidence suggests that
the relationship is fairly weak (Gardner, 1975, 1985; Schibeci,
1984). A number of Australian studies have reported correlations
generally in the range 0 to 0,25 (Lewis, 1976; Power, 1981;
Shannon et al, 1982), t'ma collaborating the weak relationship,

Muttal (1971) obtainad six values of coprelations of
acience interest with exanination grades in three science

mlbjgcts at each of GCZ and CSE 5th-fora level, The values lie



between 0,32 and 0,49 and are congiderably higher than values
obtained in similar studies by many researcher s before and
after him, Gardner (1975:18) has suggested that the rather
high values night have been due to the contribution of some
unsuitable items identified in the instrument used for the
study. The inclusim of such item was capable of raising the
valie of the correlation between intercst and achievamant.

Gatta (1973) found no differences in attitudes to ciemistry
between more and less able students, In a recemt study, 3chibeci
and Riley (1983) reported the results of the analysis of data
collected as part of the 1976-77 National Assessment of
Mucational Progress (NAZP) in the U,S.A. The results ghoved
that attitudes influence achievement, An earlier finding by
Msenhardt (1977) had suggested that achievement influenced
attitudes among 71,701 students in grades six to cleven in
schools in Vestem Virginia, U.,S.A. The two results, hovaver,
need not be seen as contradictory since there is the possibility
that a two-way (rather than a one-way) relationship exists
between interest (attitude) and achievement, This possibility
has been duly acknowledged by Schibeci (1984:30).

Jmong those who take science in schools the relationship
betwveen interest and achievement has been found to be consistently
weak, Gardner (1985) puts the mean range of correlation at
between 0 and 0,4, Fraser (1982) has suggested on this account
that if teachers want to improve achievement, thay wuld be well

advised to concentrate on achievement per se instead of trying
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to improve achievement by improving agttitude. On a second look,
it msy be clear that Fra=er's advice may not yield much dividend
at the end of the day. It has been rightly pointed out (Schibeci,
1584:31) that even if the results which led to the articulation
“of this view are valid (which is only a supposition), there is
still much to be gained in teaching science lessons in such =z
way that they are interegting, enjoyable snd satisfying to the
learners, _- _ |

Viewed from anothef perspective, if the relationship between
interest and achievement at the individual student Jevel is truly
weak, then that would be welcome news to those who want science
to be tought to all students. A low correlation implies that
it is possible for students of low ability to be inferested in

studying science,

2.4,2.2 Cognitive Style ind Achievement

There is evidence in the litersture thot a stronger
relationship exists between cognitive style and achievement
than tetween interest and achievement. Barmett (1974) found
that higher achievers among a group of 10th grade smerican biology
students showed a strong preference for spplication (4) while low
achievers showed a strong preference for recall (R). The
result indicates that academic achievement is related to cogntive
style. and although one would have expected higher achievers
also to have high @ scoresy, it is note-worthy that the

differences shown are¢ in the degsired directions,
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Tamir (1976) reported a strong dependence of cogitive
style on achievement among 12th grade biology students in Israel.
High achievers exhibited strong preferance for questioning (Q),
a woak preferaice for principles (FP) and a strong dissatisfaction
for recall (R). No significant difference was revealed between
high and low achievers on application (A). OSubsequent analysis
algo indicated that the relationship between cognitive
praference and achievenent depends, to some extent, on the type
of subject matter contant of the comgnitive prefermce test
enployed,

Using a sample of talanted Igsraeli high school students
- wuo mostly scored grades "A®" or "B" in high school bhiolocy,
Tonir and Tunetta (1978) found only me statistical differmnce
- in princirles (F): "A" students had higher prefermce for P tha
"B" students., In his study of the relationship between cognitive
preference and achievenent of a sample of Australian 12th grade
. chemistry students, Mcllaught (1982) found that students who
| develop the cognitive preferences consistent with those jwplied
by the curriculum studied tended to achieve more highly than
students whose cognitive preferences were not consistent with the
implied preferemces, In addition the study revealed tint a high
score in a perticular cognitive preferaice was positively
cqrrelated with perfomance on the types of cogmitive taaks
.:'melied by that preferemce. Thege findings lend considersble
sup.ort %o the notion that cognitive style is a relevant varisble

in consideration of achievasent in school scienco coursec,



Joe (1983) studied tho cognitive styles of a sample of
Nigerian students studying biclogy in Rivers State, lig
examination of the cognitive style - achievement relationship
revealed that low achievers scored highly on R and Q while high
achiovers exhibited strong preference for P and A, The resul
with respect to R and A are in agreement with an eariier finding
by Barnett (1974} while the result in respect of P agrees with
.'whak was obtained by Tamir (1976, 1981). The evidence in
respect of Q is significant and in contrast with what would have
been expected. In discussing the results, Joe attributed the
cauée to the probable effect of the expositbry method of teaching
which was mainly in use among biology teachers, in additional
cange might be curriculum effect., The students studied the
WARC School Certificate Biology couise‘which the researcher
considered to be “modem." and so inquiry oriented. The course
is, however, traditional and hence more favourably disposed
tovards R, Thus the speculative explanation given by the smthor
that the "domineering role"™ of biology teachers in Nigeria who
mostly a@bloyed the lecture method of teaching must have
supprosscd the questioning zeal of high achievers and compelled
them to condition themselves accordingly seems pla.usible';

. Okebukola (1984/85) examined the relationships between cognitive
freference orientations and performance in bilology of students on the
traditimal and the Comparative Education Study and Adapiation

Centre {CESAC) biology syllabuses. The results show that the four
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cogmitive preferences correlated significantly with achievement
in biolozy. Students with P and R cognitive styles achieve
significantly better than those with A and Q on the traditional
curriculum, On the CESAC curriculum (which is more modem)
atudents with preference for A and Q achieved significantly better
than those with P and R. A negative correclation between Q and
biology achievement was again revealed in this study for the
traditional curriculum, This confirms Joe's (1983) finding and
lends support to the view that the trend is a featare of the
Nigerian traditional biology course, the WAEC {non - CESAC)
School Certificate Biology Course.

The findings of the studies reviewud point to the existence
of a meaningful relationship between cognitive preferences and
achievement in science, It appears that students with certain
cognitive preferences might 1cam better on some curriculum
programes, One implication for curriculum designers and teachers
is that if leaming naterials or scientific knowledze is not
presented to the student in a manner which is congruent with his
preferred mode of processing information, optimal leaming might
be hinderecd.

The relationships of achievement with cognitive style and
ingterest were not explored in the presemt study, However, a
revicw and discussion of the interest - achieverent and copnitive
style - achievement relationships were considercd appropriate
beccuse "academic achievament™ is central to a proper understanding
and appreciation of the mles-of interest and cognitive style in

science education,



65

2.,4.3 lHow Interest and Cognitive Style are
Influenced by Tvpe of Curriculum

2.4.3.,1 Interest and Type of Currjiculum

Reported research on the influence of curriculum on studentst
scimce interests is sparse in the literature., llost studies
have focussed on the broader and more gemeral construct of
attitude which encompasses intereat and other affective variables
such as enjoyment, satisfaction, appreciation and value. Come of
these studies have compared the attitudes of students taking two
different curricula with scme "innovative™ curriculum (e.g,
PSsC, 5CIS, B3CS, ASP, Project Physics) pitted against scme
traditional alternative.

llackay (1971) reported that a new locally produced physics
course in Jouthern Australia was rated as more enjoyable than its
traditional competitor and that a pilot run of the PI3C plysics
courge was associated with worse declines in enjoymamt than its
traditional counterpart. Fraser (1975) found that Grade 7 AP
students rated their satisfactinm with classroom climate and
their enjoyment of science more highly but there was no
difference in the ratings of their intercst in science when
compared with those of students following a traditional course,
Rennie (1978) compared the attitudes of students taking the
Project Fhysics course with those of students offering
traditional physics in Jestern Australia and found no significant

difference between the two groups, There is also ovidence
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(though scanty) which suggests that locally produced, flexible
curricula that allow for individual rates of leaming are more
likely to enhance students' interests in science (Allen, 1972;
lilson, 1973; Gardner, 1973).

In their separate reviews of attitudes to science Gardner
(1975) concluded that the effects of curriculum on students'
attitude to science are relatively small wiile Schibeci (1984)
is of the view that the findings of the gtudies revicwed do not
permit a definite statenent to be made on the stremgth of the
influence of curriculum on learmers' attitudes. Both authors
aro, however, agreed that the nature of tho curriculum studies
by students does influence their attitudes to science, JSimilarly,
it is presumed that the science inter:sts of leamers are
influenced by the type of curriculum they study, However,
sufficient empirical evidence is not yet available or a proper

understanding of the true nature and extent of such influences,

204.3-2 v le and of Cur

Jith respecct to curriculum effects on cognitive styles, the
nuznerous studies reported indicate that the cognitive styles of
students may be dependent on the type of curriculum thay study.

In formulating the cognitive preference construct Heath
(1964) was motivated by the need for an altermative means
(outzide the conventional achievement tests) of evaluating the
ncw scimmce curricula whose features are markedly different from

tioce of traditional courses, Heath reasmed that tiese
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distinguishing features of the new curricula reflected different
cognitive preferences of the designers and hence that differont
curricula would imply differemt cognitive preferances. In his
maiden study Heath found that PSSC students demonstrated stronger
preferance for P and Q than the non PS3C while the non-PS5UC showed
stronger preference for R than the PS3C students. The two groups
did not differ significantly on application (A). The findings were
in line with the predicted outcome witk respect to R and Q, Similar
results were obtained by Marka (1967) who compared the cognitive
preferaices of chemistry students following the moderm CBA course
and a traditional chemistry course, CCA studants scored higher
than non-CEA on P and Q but lower on R, lo difference was found
betveen the two groups on A,

Tamir (1975) examined the effects of tie BJC3 curriculum
and a traditional (non-BSCS) course on the cognitive styles of a
ganplo of Israeli 12th grade bioclogy students, He found that
regardless of their achievement level, 35C3 stulents showed a
higher preference for Q and a lower preference for R than their
non-55C5 counterparts, Wo differences were observed betieen the
twvo sraups on P and A, This is in agreement with earliar
findings in respect of Q and R (Heath, 1964; Marks, 1967).

Tamir and Tunetta (1978) explored the curriculum related
differences in the cognitive styles of 177 American stulents who
studied biolozy. Two different curricula were used: the D3CS

Blue, Yellow and Green versions and the traditional "modoem

Piology"™ course, Students who used the Blue and Yellow versions



had identical cognitive preference scores while those who used
the Green version had scores that wers different, Accondingly
the cognitive proference scores of studenta who used the Blue
and Tellow versions were combined so as "to increase the powar
of the statistical test"., The analysis showed that Blue and
Yellow version PSCS students had significantly higher Q scores

_ thon the students on the traditional course while the students
on the traditional course had significantly higher scores for Ra
The sample of the Greem version students was too saall for any

" definite conclusions about the offect of the Green version to be
nade. Again the higher Q and lower R cognitive preferance
orientation for students following an inquiry-oriented eaurriculum
was congistent with earlier results already mentioned,

Ckebukola {1984/85) examined the cognitive preferencea of
Nigerion students who used the GESAC and the traditional /ANC
biology syllatumses. The results shoved that students vho used
the traditional 7AuC gyllabus preferred R most (4657 and 9 least
(84). On the other hand students who used the CESAC biology
syllabus preferred A most {40%) and Q least (10%). This aspect
of the data was not subjected to statistical teats of gisnificance;
only percentages as indicated were reported.

lowevey, the orders of cognitive preferace distribution for
the two groups weres R - P - A = Q in the ratio 5.9 : 4.7 3
1.2 ¢ 1.0 for the non-CE5AC students and A « R - P « Q in the
the ratic 4,0 : 3.8 : 1.2 ¢ 1,0 for the CE3LC gtudentg, The

higher preference for A and lower preference for Q showm by



70

The SBS offered a one-year pro-degree programme for students who
had completed the secandary achool course and had passed the
qualifying WAEC School Certificate or GCE 0 level examination,

The results showed that the order of the distribution of
cognitive styles for nn-CESAC students was R~ P - A= Q in the
ratio 144 : 1,3 3 1.1 : 1,0 while the order for CESAC students
(chemistry and biology combined) was R 2P » A » Q in the ratio
1.5: % 1.3 5 1,0 ¢ 1.0, The pattems and the ratios for the two
groups were approximately the same. CESAC atudents did not
appear to differ from non-CESAC students in their cognitive style
pattems. In the chemistry sub-test the pattern for CiIAC
students' cognitive styles was R°'= P = Q-= A while in the biology
sub-test the pattern was R 3P o A =Q, The pattem for the
CESAC biology students is consistent with the overall cognitive
style pattem for all respondents but at variance with an earlier
one obtained for a different sample of Nigerian high school
biology students (Okebukola, 1984/85),

Another important finding in the study is the lack of
congruence between the cognitive styles implicit in the CISAC
curriculum materials (both chemistry and biology) and the
cognitive styles of the students who actually used the materials,
A chi-square statistical test was used to assess the extent of
dependence of the CESAC students' cognitive styles on the
cognitive styles implicit in the CESAC curriculum texts, The

reoults showed that the cognitive styles of the students were
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probably not dependent on the styles implicit in the textual
materials tus leading Omoifo to canclude that the influence
of CESAC curriculum materials on students' cognitive styles is
mininal,

However, another lock at the data, that is the patterms of
cognitive styles obtained for both the students and the
curriculum materials prompts some scepticism about the
researcher's conclusion and the statistical analysis that lod to
it, tlus suggesting an altermative interpretation, The patters
of cognitive styles implicit in the textual materials were
R=FP =A=Q (4:322:2) and R= P~ Q= A (323:2:1) for chemistry
and biolo.y texts respectively. For both materials I and P are
the nmost dominant implicit styles while A and § are the least
impliod, The pattems are clearly in consonance with thogse
ideatified for the cognitive styles of the students who used the
materials, It would thorefore seam that the CESAC materials
are achieving the objectives of the designers (i.e. teaching rote
leaming gkills and fundamental principles) judging from the
revealed implicit styles. It does not seem reasonable for ons
to expect a curriculum thus oriented towards recall to tum
round and help its users to become inquirers, In discussing
her results, Omoifo (1986:93) affimed that: 'For the patterm
of styles implicit in the CESAC textbooks, there was evi .ence
to cuggest that recall was the most preferred s’cyle‘: But she
went an to suggest that students' cognitive sctyle patlem

(with recall also as the most preferred style) wus probably
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caused by the influence of "the nature of the subject matter...
and not of the effect of curriculum material used"®,

A more plausible interpretation would seex to be that the
designers of the CESAC curriculum materials intended them to be
inquiry-~oriented (judging from the stated philosophy and approach
that guided their work) but only succeeded in designing them to
be recall - oriented. Thus Omoifo's finding that "CESAC materials
were relatively more favourably disposed to A and Q the dominance
of R notwithstanding" appears self-contradictory and hence doubtful,
One mi_ht wish to ask if the enphases on A and Q in the CESAC
textual materials are sufficient to make any appreciable impact
when compared with the emphases on R and P. Omoifo's facts do not
scen to support such an optimism. On the contrary there might be
need to rewrite the CISAC texts in order fo orientate them more
towards A and Q particmiarly towards Q.

In the present study, therefore, it is assumed that curriculum
materials used in the Nigerian context {that is the traditional
WAEC and the CESAC curricula) would be more favourably oriented
towards (i) the Recall (R) and the Principles (P) cognitive styles,

and {ii) interest in science topice (7).

¢.4.4  How Interest Apd Coeitive Stvles Are
Influenced by The Teacher

The role of the teacher in the teﬁching‘-leamin[: process is
crucial and decisive. There are numerous possible ways in which a
teacher can influence the interest or cognitive style profiles of

leamers, These ways include the teaching method he employs, hic
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attitudes (genexral and specific), his personal characteristica

or personality traits {e.g. cognitive style, warnth, friedliness),
hig fraining, his experience and hig value system., Some of those
teacher variables cuuld exert greater effects than others, For
example, there is evidence that students' interests in scien(“;e are
probably more strongly influamced by teaéhers‘ personalities and
value gystems than their training, teaching eicperimca end
background {Rothman et al, (969). - ..

In +thig section literamre-pertainiﬁg to the dependence of
interest and cognitive styles on teacher variables is reviewod.
Although, as already stated, "teaching method” may rightly be
- congiderad as & teacher variaﬁle, its influence on interest and
cognitive style orientations of science students is reviowed

geparately in the next section.

Caledel nter and Teecher Variab

In her recent book, Perrott {1982) has summarised several
reseﬂfch reviews {Ryan, 1960; Flanders, 1972; Roseshine and
Furst, 1973) which identified some of the observable
characteristics of effective teachers i.e. teachers who are able
to foster gaing in achievement and stimulate positive attitudes
to leaming., Perrott's summary reproduced from Cerdner (1985: 21)
_ias shown in Box 1. }&;.ny invegtigators of teachers' effects on
students' sciace interests (or attitudes) have foeussed on various

agpects 6f these indicators of eoffective classroom teaching.
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Box 1z Observable indicators of Effective Clasaroom

Teaching

Rran'g Factors

1. Teacher is wamm and understanding versus cold and aloof

2, Teacher is organised and business like versus unplanned
and slipshod,

3¢ Teacher is stimulating and imaginative versus dull and
routine,

Elapder's Indicators of Indirect Teaching Style

1« Teacher asks questions

2. Teacher accepts pupils' feelings

3« Teacher acknowledges pupils' ideas

4, Teacher praises and encourages pupils,

Rogenghine and Furst's Correlateg

1e
2a
3
4e

e

Teacher is enthugiatic

Teacher is businesslike and task orieted

Teacher is clear when presenting instructional content
Teacher uses a variety of instructional materials and
procedures

Teacher provides opportunities for pupils to leam

the instructional cantent,

Source; Cardner, P, L., (1985:21)
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Bohardt (1975) investigated the relationship between years
of teaching experience of teachers and the science interests of
their students., He used a sample of science leamers in grades 4
through 8, No significant relationship was found in the study
beween the two variables, On the other hand Breen (1979)
correlated the attitudes of students with the interest of their
teachers in four subject matter areas of elementary sciemnce
curriculum, Slight but significant correlations were found
between the teachers' science interests and the pupils' attitudes
to science,

There is evidence that students' attitudes are influenced
by a number of teacher cognitive style variables such as
achievement - pressure and cognitive organisation., At senior
high school level, physics teachers who pressed their gtudents
to achieve tended to be associated with higher pupil enjoyment
of science (Gardner, 1972). At the primary level, however, such
pressure may be counter-productives Power (1981) found a
significant negative correlation between achievement-pressure
and primary pupils' attitudes to science,

Teachers who are cognitively well-organised, with good
understanding of the subject matter and a capacity for effective
planning appear to foster students interest in science at all
levels, In senior high school physics, Gardner (1972) found a
positive relationship between teachers' cognitive organisation

and pupils' enjoyment of science, These findings suggest that
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teacheré who ehgage in stmctuﬁng tehaviour (e,g, providing
overviews of topics, reviewing ideas, organising clasa
digcuseion) enhanced pupile' attitude to science.

Stwients' scionce interests also sean to be influenced by
the emoticnal climate of the science clasasroam which reflects
the prevalent interpersonal relations between the teacher and
his studentg., Gardner (1982) evaluated fifteen classes taking
a course in refrigeration theory and found that two classes
expressing low level of satisfaction with their course both rated
ftheir tecachers as low on "warmth" and "stimulation®.

Different behaviours or treatments meted by teachors to
different students may accentuate differeuces in interest already
existing among lcamers., For example, Power (1973) found that
pupils who were initially sophisticated and who expected to
succeed in scicnce were chosen more frequemtly for classroom
interaction by the teacher and have received positive reine
forcemert more often,

The forms of language that science teachers use during
teacher-pupil interactions in the classroam ig another fucter
which may affect the teacher-pupil rapport and censequently
students' interest in science, The remark by Gamner {1924)

conceming this ig pertinent:

Some science teachers adopt an inquisitional style

probing, correcting, criticising -~ rather than a

conversational atyle, A gocial situation in which

a student leams to perceive himself as ipnorant

and subject to disapproval for offering sirong

gnowvers is hardly cmdusive to the enhancement of
. interest in the topic under discussion,
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Prom the .sfudies reviewed, it would seem that in gomeral

©° positive behaviour of the teacher (based omn sound psychtological

clagsroom practices) are congruent with positive atiitude or
high interest of students in science while negative teacier

behaviours are counter-productive,

2.4.4.2 Cosnitive Siyle and Teacker Varigbleg

weveral researchers have explored the influwce of a number
" of toacher variables an the comitive styles of studenrts.
Sohmedemann and La Shier (1967) investigated the copnitive
- preferances of P33C physics students and selected ciiaracteristics
of their teachers, The study aimed %o detect the relationship
betwvean the students' cognitive preferences {the depanient
variablel and each of four teacher variables (independent
variables)s teachers' cognitive prefermces, teacier wamth,
teacher denand and teacher motivation, A 20=itom Cognitive
Preferance Test was used to measure the cognitive preferances
of both teachers and students - both regponded to the sane
instruaent. Data in respect of the three repaining independent
variables (warmth, demand and motivation of the teachara) were
collected by meuns of a {é=item Student Inventory Irespondod to
by the stulents. Jach iten in the Student Inveantory vhich was
adapted from an original ingtrument uged by Reed (1962) deseribed
a teacher behaviour which corresponded %o one of the three |

variables. M exanple of one of the “warmth® ite:s is as followss



Our teachers show s semse of humour in class . : ‘;'
A. almost never
B, feow times
C. sometimes
D. often

E, very oftem

Fach item was scored as follows: A, 1 point; B, 2 péints;

¢, 3 points; D, 4 points; and E, 5 points, In this way & high
score indicated that the characteristic being measured wag

'+ ptrong while a low score indicated that the characterigtic

i wag weak,

come 31 PSSC teachers and their classes participated in the study.

" The exact total mumber of students was not specified but this was

hardly necessary since class means were used in all computations,

The following hypotheses were teasted:

1s There i8 no relationship between cognitive preferences of
teachers and 1‘:}13 cognitive preferences of the studenta,

2. There is no relationship between teacher wamth md the
cognitive preferences of the students,

Fe There is no relationghip beiween teacher demand and the
cognitive preferences of the atudents,

4., There is no relationghip betweem teacher use of motivation

and the cognitive preferences of students,

The resulte of data analysis did not permit the rejection of any

of the four hypotheses, Students' cognitive preferences '&ére
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epparently not influmced by either the teachers' cognitive
styles or the teachers" classroom behaviocurs, )

The cognitive preference criterion measure failed to
discriminate within each group despite the early hopes raised by
Heath's (1964) results., Neither the validity nor the reliability of
any of the two instruments used was reported. Apparently suspecltiug
that the instruments were faulty, the suthors sugrgested the use of
& longer Cogpitive Preference Test {i.e. containing more than 20
items) and en indirect way of identifying the cognitive styles of
the téachers (esg. through the students). |

 Tamir (1‘:’:?5. 1976) examined the ettect of teacher's
curriculum bias {i.e. the attitude of & teacher towards the
airriculum in use)} and the cognitive preferences of 989 Tgraeli
12tn grade biology students, The first report {Tamir, 1975)
concerned the etfect of te&che:;'s' airricular biag on the cognitive
preferances of students while thé second report {Tamir, 1976)
focunzsed on the influence of teachers' curricular bias on the
students' cognitive preference - achievenent complex. Some of
the students offered the innovative BSCS biology course while the
¢thers studied & traditional (non-BSCS) ‘biolow courge, The '
cognitive preferences of the students were measured by meéns of |
the 40-item BCPT designed and validated by the author, The

teachers{ﬂ:SO) ‘respondad to an attitude inventeory and were

classified oo the basis of this as BSCS supporters (N = 24) and

BSCS non—supporters (N = 26).



Results of the analyses showed that regardless of the
achievement level or the curriculum actually studied, the
students of BSCS supporters had higher scores for A and Q and
lower scores for R, An interesting revelation was that initially
there was no difference between BSCS and non-BSCS in their
preference for A but after partialling out the effect of teachers'
curricular bias, it waa found that the BSCS approach was more
related to a higher preference for A,

When achievement level was taken into congideration,
curricular bias of teachers was found to have a strong effect on
the 'cognitive preference-achievement' association. The summary
of the results is as follows: Regardless of curriculum studied,
high achieving students of strang supporting teachers had high Q
high P, low R while high achievers of non-supporting teachers had
low R, low A, Low achievers of BSCS supporters had high R,
low 4 low P while low achievers of non-supporters had very low R,
very low Q,When the curriculum studied was considered, certain
trends emerged more clearly, Thus it was revealed that the
highest R score belonged to low achievers of BJCS non-supporters
while the lowest R preference belonged to high achievers of BSCS
supporters, The data suggest that with respect to R, the dominant
or deternining factor is the teacher's curricular bias rather
than the nature of the curriculum. For A, however, the dominant
factor appears to be the curriculum, while a combined effect of

the tvo factors is apparent for Q for which the lowvest score
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belongs t6 the non=-BilS non-supporters, The findings suggest
that teachers' attitude to the curriculum being used influences
not only the cognitive preferances of students but also their
conitive preferaence-achievemant profiles, |

The influence of teachers' cognitive styles on the comitive
styles of their studants was oxplored by Tamir (1977) in a study
which wig an outgrowth of the two just reviewed above (Tamir,
1975, 19763, In her criticism of cognitive prefcruce testing,
Brom (1975) had suggested that it was possible that in responding
fo a cognitive preference test, a student iz merely exiibiting a
cmsecioug or subcanscious conforming behaviour ratier than s
persx.al valuing behaviour, She argued that in exhibiting such a
conforming behaviour, the student may actually come to adopt the
attitude of his teacher in order %o maintain a favourable
relationghip, Through such a procass of "identification" the
student might believe in the views he adopts but they are of
course tied to and dependent on the teachers opinion ond, therefors,
not part of his own persaal value gystem,

(ne implication of Browa's argument is that the teacher may
by his ovn value system influence students' value gystems. MNore
gneeifically the cognitive preferences of shudants may be
affected by their {eachers' cognitive preferwces. The
oducational advantages ¢f auch a state of affairs have already
been pointed out (Hwmt, 1970), Considerable indirect ovidence
acainst the possible influence of the tsacher on fthe cognitive

styles of leamers is available (Bamett, 1974; Jilliaas, 1975)
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but the Jchmedemann and La Shier (1967) study provides a more
direct evidence against Brown's identification theory. They
found no aignificant relatianghip between teachers' cognitive
styles and the styles of the students or between cognitive
preferaices of students and any of the other thres teacher
characterigtics (Wammth, demand and motivation) tested in the
study, | | | |
In order to examine tne relationship betwean tho cognitivae
~ prefereice patterns of teachers and those of their students
(in the study under review), Tamir tested the following
liypotheses:
1. Significint diffeorences will be found between the teachers
and their students in their cogmitive prefermce scores,
2e The gopnitive preferences of the teachera will not
correspond to those of their students, |
Z, In gpite of the hypothesized differences in the lovels of
cognitive preference scores between the feaciiers and their
ctudents, similar interrelationships among the four

cognitive preference areas will exiat for both groups,

To itest these hypotheses the biology teschers (=46} of the
studa:tas (¥=989) who participated in the two earlier studics
wore asked to respond to the 40-item BCPT. 37 teachers responded
by means of the graded rating system bty which a rank of 1 is
agsigned to the option leaat preferred and a rank of 4 to the
option noct preferred, Analyses of the data yielded the .

follevwing resultss
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Both the teachers and their classes possessed a very high
preference for P, and they did not differ in their
preference tor P or P-A (the "utility™ scale - see Kempa

and Dube, 1973b; Tamir and Kempa, 1977). High preferace for
P hwd been found to be a characteristic of Isracli sciwnce
students {Rogel, 1974; Tamir, 197H; Tamir and Kenpa, 1978)
and seeaus to be applicable to teachers as well., It was found
that whereas teachers had a very high preference for Q and a
very low preterence for R, their students manifested on the
average the same levels of preference for R, Q and A. These
revelations suggested that the teachors and their students
differed in their cognitive preferences. Tms the first
hypothesis of the study was accepted,

llo correlations were found between the cognitive preferences
of the teachers md their classes; hence the second
hypothesis was accepted. However, when correlations were
compared for teachers and élassea in each of the three types
of school which featured in the study (city schools,
agricultural schools and Kibbutz schools) significant
correlations were found between the cognitive preferences
of teachers and students only in the Kibbutz schools. The
congruence appeared only with respect to P and P-A and was
not considered sufficient for the rejection of the second
hypothesis (i.e. the no identification lypothesis).

Therefore, Tamir concluded that the responses of the students
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v}as a manifestation of %their own persconal information
processing mode and not a conforming behaviour to please
their teachers, |

3« Interrelationships among the four cognitive preference areas

for the teachers and students yielded results which supported
the third hypothesis only partially,

It is noteworthy that the main finding of this study,
nomely that the cognitive preferences of teachers do not
corregponds to those of their students, agrees with Sclmedemann
and 1a Shier's (1967) results and provides additional evidealce
- against Browm's hypothesis that in responding to a cognitive
preference test students might be merely depicting conforming
behaviour to please thelr teachers, More research would be
necessary to confirm this evidence and also to explore other
ways in vhich the teacher could influence his students' cognitive
styles, One of the objescts of the present study is to examine
the influence of the teachoer-directed discugsion method of
toaching an the cognitive style ard interest patterns of physics
stuentse |

2+4.5 How Interegt and Cosmitive 3tyles arg
fluenc n jon

2,4,5,1 Interest and Methodg of Teschipe

Gardner, Gray and Taylor {1981) studied the effect of teacher

trongnissiveness (directiveness) oo studentst intercst in sciemce

at grade - 10 level, A strong negative relationship was revoaled
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by the data analysis, The resulta suggesi;. that students who are
allowed to progress at their own rate (i.e. those o are taught
| through individualised approach) may display greater interest in
geicnce. Tuckman and Waheed (1981) found that the use of
individualised approach with undergraduate stulents regulted in
~ore favourable attitude compared with the group not exposed to
the method, Presumably teachers who employ teacher—~dominated
{oxpository) forms of instruction are less likely to be egaged
in guiding individual students at thoir own rates.

Fraser (1975) compared junior Ligh sclool students taking
to individualised ASiP course with non-isP students and found
that 4590 students rated their clagses as higher on scales
measuring individual attention and satisfaction, On the o ther
nond, callen (1981) investigated the attitude of [irst year
prizary tescher education students and compared an experiman tal
~roup tasing an individualised physical science unit with a
cortrol gro.p which wes conventionally taught. It was found that
the experimontal group was able to recognise some of the
educational advantages of the Physical Science unit (e.g. greater
clarity of objectives, greater access to the lecturer, gr.ater
celferesponsibility) but they rated the unit as slightly less
enjoyable than did the cmtrol group.

igsociated with the notion of lecamers' progress through
individualisation of instruction is the idea of freedom of

choice over the topics within the curriculum. hile it is sossible
ror a shudent to bocome interested in a topic which somcore else

(0.8, the teacher) has selected, it coan Dbe ar;ued that the
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fullest expression of a student's interests is likely ic occur
under conditions of persmal autonomy or freedom of choice. In
fact, the failure of Cullen's (1981) study to show that
individualised instruction was more enjoyable has been atiributed
to the possibility that the studemts in the experimental group had
no control over the leaming task in terms of either amount or
aubject natter {Gardner, 1984),

inother teaching approach which research has reasonably shown
to be fairly consistent in fostering positive attitude is the
activity-oriomted approach, Xrammer (1979) found that the
attitudes of a sample of student teachers teamght with tlis approach
were positive when compared with the graup taught with 8
different method, Dawsan and Benneth (1981) asked Grade 8 atudents
to rate their liking of 17 teaching methods., Hetrods involving
student participation {doing experiments, making models), or
visual stimuli {(visit the zoo, watch film or alides) were most
popular while listening to the teacher talk and copying noteé
were unpopular. In an evaluation of Project Physicae in liorth
south Nestern Australia, Quinlen (1981) used a scale called
"mphasia on Dxperiments". FHe found that strmger emphasis on
cxperiments tended to be associated with higher class mean
intervst,

lany other studies have investigated the effects of Ispecif:i.c
{eaching methods on the more general attitude construct. The
results are diverse., Those methods wiich have been claimed to

rosult in positive attitudes (compared with a group not cxposed
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to the approach) includes lecture-laboratory compared with
leciure only (Saunders and Dickson, 1975); use of literalure
(Fisher, 1980); stmuictured films (Simmons, 1980}; computerw
essisted-leaming (Alesandrini and Rigney, 1981) and
unstructured museum tours (Stronck, 1983), The folluwing methods
hive been reported not to result in more positive atitifudes
(compired with a group not exposed to the strategy): Ifleld=
caced laboratory work (3amuel and Kempa, 1976); emphasis on
process skills (Gabel et al, 1977; Riley, 1979); comparison of
expository, modular and gaming approeackes (Hess and Chrigley,
1681) and laboratory work (Garrett and Roberts, 1982; Friend and
Jaifa, 1963). The diversity of the approaches investigated and
the findings obtained hardly permit any generalizations, at
loast not for now, In his update of the revicw of attitudes to
sciemce, Ochibeci {1984:42) has rightly observed that
#curriculum and instructional variables influence attitudes, Wt
tie strength of this influence is difficult to determine from

the studies reviewed”.

2.4,5.2 Cognitive Style and Yethods of Teaciing

Although in recent years there has been a growing za;wareness
of tke need to teach individuals to "learn how to leam™®
(eney, 1978; Bransford et al, 1981; Perry and Dowmo, 1985)
rescarchers have not explored tine potentialities o cognitive

styles torards meeting this need. The few sludics thut liave



probed the relationship between methoed of instruction and
cognitive styles have mostly focussed on the fisld-dependence-
indepenience dimensim of cognitive style (Pringle and Morgm,
1978; Shymansky and Yore, 1980; Ritchey and La Shier Jr.,1981).
tnly the reports of two studies (Bamett, 1974; Shuaibu and
Ogunsola~Bandele, 1988) that investigated the effects of
ingtruction on Heath's four-mode cognitive style dimension

(r, P, A, Q) were available to the ressarcher. Thege two
gtudies are reviewed balow,

Bamett (1974) investigated the relationships auong biclogy
achi vement, teaching method and cognitive preferences using a
population of high school biology atudents. He reasoned that the
concept of cognitive preferences wim’d seem to ba related to
inquiry teaching because students with a strang preference for
Q and A conld be expected to leam more effectively using inguiry
processes than students who show a sirong preferance for I
In additiona, he further argued, if student inquiry is to be
promoted through gseimce teacning, a suitable teaching nethod
nust be crployed.

The study wasg not eoxperimental in design; no teaching method
was used as a "treatment"™ in the study, Rather "teacher style"
aa p.reeived by the students was the variable tested, This
variable was wmeasured using a modified version of Tuckmen's (1968)
instrumeit, the "Student Perception of Teacher 3tyls (SPOTS)™,
Tuckman had proposed two broad categories of teaching styles,

the "directive" and ™on-directive" teaching stylcs and developed
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the student rating scale SPOTS for classifying teaching approaches
into these two categories, The modified fom of SPOTS used in
this study required students to rate the intensity of specific
teacher behaviour on a 9-point scale and so provided a measure of
teacher directiveness. A non-directive teaching style could be
expected to promote achievement in an inquiry-oriunted classroom
because it provides an informal atmosphere where student plenning
and questioning are encouraged.

The cognitive preferences of gtudents were measured by means
of Atwood's (1971) Cognitive Preference =Zxamination II (CP3-1I).
(P -11 was designed after Heath's (1964) instrument except that
CP-II contained only three instead of four scales: R, A and Q.
The scale for P was not included, #illiams (1975) used a
ginilar Cognitive Preference Test in which the Q scale was
elininated, Achievement in biology was measured with Form B of
the Nelson Biology Test originally developed by Nelson (1965).
Both the PE-1I and the Nelson Biolo.y Test were adninistered in
a pretest-posttest design. The modified version of WX0T. was
adninistered during the posttest period only,i.e, at the end of
one gamester of instruction,

The subjects were 1477 tenth grade biology students dram
{rom high sctools located in three major metropolitan areas in
Kenturkys Louisville, Lexington and Convington. Of the four

hypotheses tested in the study only two are relevant to the

discugsion here, These ares
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1« After a seamester of instruction there will be no significant
difference in the mean cognitive preference scores on memory,
application and questioning among groups of tenth-grade
biology students who are classified on the basis of their
perception of the directiveness of their biology inastructor's

teaching style.

24 There will be no significant difference in mean achievement
scores among groups of tenth-grade biology students
classified on the basis of their perception of the

directiveness of their biology instructors' teaching style.

The data analysis revealed significant differences in the
studonts' mean cognitive preference scores for A and R, OStudents
wiio perceived their teachors as using a non-directive style of
teacling scored more on A than their counterparts who saw their
teachers to be using the directive teaching method, On the other
hand, students whose teachers used the directive teaching style
gcored more on R than students whose teachers used the non-
directive style. Students of non-directive teachers actually
scored more on Q than students of directise teachers but the
difference was not significant, The results tims pemitted the
rejection of the first hypothesis (i.e., hypothesias 1 above).

The results further indicated significant difleronce in
student biology achievement scores, Students of non-directive
teacliers were higher achievers, The second hypothesis was also

rejected, Coumparison of pairs of meansg indicated that biology
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studmts who demmstrated a strang prefercnce for either A or
q tend to be higher achievers than students who prefer R,

These findings of Bamett's study clearly suggest that
certain teaching modes could be more favourable to certain
cognitive preferencea, Although the data do not perit my
dofinite cmcluaiong regarding the cognitive style -~ tenching
node relationship, they certainly inspire further research in
this direction,

In a recent study, Smaibu and Ogunsola-Bandele (19u8)
explored the effects of the defining - issue - discussion nethod
of teaching an the cognitive preference profiles of a group of
A=lovel chenistry students. The specific purpose of tho siudy
wag to ascertain the possibility of using the defining-igsue-
diseusgion approach to shifi cognitive styles of the studants
{ron predominantly recall (R} to questioning (3). The cubjects
were 69 pre-degree gstudents from a College of Agriculture who
toock an A-level course in chemistry as part of their training.
The potency of the defining-igme-discussion method as an.
approach to changing the affective behaviour of individuals has
been well demonstrated and employed in several countries

(#illiams, 1975; Rest, 1974; Okatani, 1934),

The following hypotheses were tested in the study:
1, That the distributions of canirol and experimental
éllbjecta on the Hemth's 4-mode cognitive siyle model wera

not significantly different;
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24 That these distritutions were not significantly different
frcm thogse of the SBS - ABU students of comparable academic
atanding; and .

3, That the experimental treatment had no significant effect
on the subjects' subsequent distribution on the cognitive

style test (CST). -

The background of the subject was similar to that of students
admitted into the School of Basic Studies (3SBu), Amadu Bello
University (ABU}, Zaria,

The Solomon 4-way (preteat—poaftest cmtrol group) design waa
adopted yielding two camirol (01,(:2) and two experimental groups
(E,I‘. 32), one each of which was pretested, Subjects were
randomly assigned to the faur groups, All groups were positested
after the experimental groups had received treatment for three
weeks, The criterion measure was 8 20-itemn chemistry Cognitive
Style Test adapted from Temir and Kempa (1978), The reliability
of the instrument was estimated at 0.86 uging the gplit half
{oddwcven) method while the Cronbach alpha intemal consistency
coefficient for each style was calculated to be R -~ 0.24,

P - 0,635, A- 0,54 and @ -~ 0,52, Owing to acute distortions
from nomal distribution shown by the data, the nm-parametric
chi~-square statistic and the Man-hitney U-test were aaployed for
the analyses, o

The results of the analyseé revealed no sigificant
differences in the cognitive preference of the studenis as

represented by the pretested groups (01 ’ E1). hence tho first
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hypotheses could not be rejected, The order of the
distribution of the cognitive styles was R =P = { = A in the
ratios 1.57 ¢ 1.37 : 1.02 ¢ 1.00, A comparison of this with
the distribution obtained by administering the same test to
chemistry students of SBS/ARU, Zaria (R-P - 4 - Q in the ratio:
1,56 ¢ 1,39 : 1,05 ¢ 1,00) indicated no statistical difforence,
hence the secand Iypothesis could not also be rejected,

4ith respect to the effect of the trecatment, noticeable gains
in Q were shown in thr:e out of the five possible sub-iecots. The
increcse was, however, statistically significent in only one of
‘hwoe three gub-tests and this was in respcct of the groups
(02, .-LZJ which did not rave any pretest. Only one other sub-test
shu.od that the experimental group with both the pretest and
postiest was the only graup in which the shift was in the desired
direction (as predicted by the researchers' altemative
.yuothesis) although the changes - loss in R and gzin in P, A, Q =
were not statistically significant., The results also sioved
ovidence of the orthogmal relationship between R={ and P-A, the
"curiosity" and ™utility" scales which had been identified in
carlier studies (Kempa and Dube, 1973 bjlogel, 1974; Tamir, 1975;
Tamir and Kempa, 1977, 1978) and so reconfirms the rational for
shifting cognitive styles from predominantly R to { using a
suitible teaching strategy.

In the discussion of the results the authors sugsested thot
tie lack of consistency in the results could be duc to a number

of possibilitices The pretest seemed to have kad a nogative and
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counter-productive effect, Treatment appeared to have been more
effective an the group which did not have the pretest. The noed
to replicate the study and also to consider using a posttest
only cantrol group design were pointed out, The authors have
slso pointed out (for the bemefit of future related studies) other
possible limitations to their study. For example, time of
cxposure to the trealment was only three weeks., It would e
ingtructive %0 investigate the influence of a longer perlod of
exposure, Again the choice of the defining-issue-discussion
approach as the treaiment was rather "a chance event”, There is
need to explore the influences of other teaching nethods amnd
perhaps identify the mme that has the most favourable effect for
the development of the questioning cognitive style,. -

The present study attempts to invostipate the elfects of the
toacher-directed discussion approach on the cognitive siyle and
intcrest oriuntations of a group of physics students. The
rescarcher intends to teke into consideration most of these points

wixich the authors have raised.

2.4.6 Stability of Interest and Congitive Styleg

Clogely related to the influence of differ«nt variables on the
interest and cognitive siyle profiles of leamers is the questicn
of stability of these two characteristics, The knowledge of
whether interest or cognitive style is a fixed trait or ane that

cen be acquired through training and life experiences (and therefore



95

leamable and teachable) is of importance to education and
educational practice. The educator or teacher is not
necessarily bothered about which way the "scale tilts" i.e.
whether interest or cognitive style is a stable or unstable
entity, what is of concem to him is to know what the true
position is so that he/she can tap the implicated advantages.
For there is surely some advantages to be gained educationally
from the stapility or otherwise of interest or cognitive styles,

This point has been succintly expressed by Tamir (1962):

If, in fact, cognitive preference is a fixed
characteristic them it may be a useful tool in
teacher education and selection, More likely,
hovever, is that cognitive preference is a
leamed trait which can be changed by maturity,
interactions and experience, Cognitive prefcrence
tests do show, in a most cavincing manner, that
not all people prefer to leam in the same way.
If we can assume that they leam best in fheir
preferred way, we have sme rather overwhelming
avidence for the logic of offering altemative
nodes of instruction and leaming in a classroom.

As las already been pointed out, a lot of research has been

conducted to explore the possibility of changing studenis' interest

(or attitude) through teaching, Although results have been diverse

and largely inconclusive some exemplars have come to light., lor

exanple individualisation and activity-oriented approaches to

teaching have been found to foster high level intercst and positive

attitudes to science, While this reflects some measure of progress

it is still inadequate, 2ducators would certainly wish to kmow
further if and how (through teaching) a lecamer's interest in a

particular (scicnce) subjects, sciance topic or science leaming
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activity may be shifted from a low level to a higher lovel, and
perhaps even from ane topic or leaming activity to another.

Vith respect to the stability of cognitive styles, much is
yet to be leamt through research, The idea of the stability
of cognitive styles was first suggested by Kagan, ioss and
Sigel (1963) when they defined cognitive style as "stable
individual differences in mode of perceptual organization and
conceptual categorization of the extermal environment", This
notion of the stability of cognitive styles may have been
proupted by the way in which the nature of the atiribute waos
percoived since there was no indication that the amthors were
fguided in their definition by any empirical evidence.

lescarches by Witkin et al (1967) and Schimek (1968) indicated
that persons attain stability in cognitive styles during
adologcence, Jitkin and his co-workers have posited that if
cogpitive styles are to play any role in the development of
educational practices that take individual differences into
cangideration, then they must be presumed to be comparatively
stable over time and, to a large extent indepenient of the nature
of the information presented to the leamer, Glaser (1970)
disagreed with this view and argued that since it is the teacher
who directs and guides the thought processes of lcamers, he
should also influence their cognitive styles,

Doth arguments seem plausible but it may be pointed out that
tl.eir points of emphases are different, whereas the viw of

Jitkin and his colleagues stresses ™ature of infommation presented
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to the leamer”, Glaser emphasises "teacher effect", Infomation
presented to the student mgy refer to the nature of the
discipline or subject matter (e.g. inquiry-based, concept-
oriented, expository)., On the other hand the teacher may influence
the cognitive styles of his students in a variety of ways:
teachers cognitive styles, teachers characteristics (of which
there is a host of possibilities), teagchers' attitude (towards
tie curriculum in use or towards the subject), and the teaching
style employed by the teacher,

some of the literature related to the influence of some of
these variables have been reviewed, The results of the research
findings do not permit any definite conclusions or generalizations
to be nade, It is, therefore, necessary to build up "better"
evidace through more research, The recent work of Jmaibu and
Ogungola~Bandele (1988) points to one important direction in
wiich futare research on cognitive preferences needs to be
directeds In the present stuly the relationship between cognitive
styles and interests of physics students and the possible eflects
of a teacher-directed discussion approacih on the two atlributes

(interests and cognitive styles) are examined,

Data collection is not an indiscriminate, aimless exerciie,
In recearch, every bit of the data to be collected must be

dircctly related to the problem being investigated, the lyypotheses



of the study and more specifically the variable(s) being examined.
Ixperienced ressarchers are aware of the attraction which
irrelevant data frequently hold for investigators and knmow betier
than to pay any heed to them,

The way in whnich the data collécfed in research are organised
and treated, whether or not to use statistical %tests and the
appropriate type of statisticg to use similarly depend on the
type(s) of hypotheses being tested, the variables being exomined,

the nature of the research desion and the kind of data collscted.

CeTe i Collection and Treatment of Intercat Datg

Interest data are usually collected by means of interest
inventorics the earliest forms of which typically coniain a
liast of careers, topics or activities, the respondont heing
required to indicate those in which he is interested. Intorest
inventories amployed in science education reacarch falls into
tvio broed categories; general interest invemtories and gpecific
interest inventories., General interest invantories yield
interest profiles in a variety of areas., An example is the
Study of Values Test (Allport, Vemon and Lindzey, 1960) which
yields scores m six scales (theoretical, aesthetic, econimic,
social, political and religious} and khas beem used in science
education by Blankenship (1965), Rotlman et gl {1969) and ifurply
(1970}, The Academic Interegt Measure (Halpern, 1965) and the
Utrong Vocational Interest Blank (Jtrong, 1943) each coantains

a piysical science interest scale which had been used by other



researchers in measuring leamers' science interests (/alberg,

1969; Blake, 1969). The Factorial Interest Blank (Sandal, 1960)

is another examples of the general interest inventory., This

instrunent was employed by Hanrahan (1972) and although lesser

¥nom, it is a carefully designed interest inventory (Cardner, 1975).
gpecific interest inventories are restricted purely to

neasurcs of science interest., =Examples include the:

(i) sScience Interest Questionnaire (£han, 1950) with six
scales reflecting interest in various science subjects;

(ii) sScience activity Inventory devised by Cooley and Reed

(1961);
(iii) Pupil Activity Inventory used by Rotmman (1969);

(iv) Clarke Science Interest Checklist (Clarke, 1972) which
assesses students relative interest in biological
sciace, earth-science and physical science topics; and

(v) GScience Activity Checklist whicha had been prepared by

gkinner and Barcikowski (1973).

pifferent techniques have been adopted in the construction
of these interest scales, One common tecimique is to present
the respondent with a list of scimtific activities or lopics and
agk him to indicate which activities/topics he cmsiders
interesting, The number of such activities/topics so indicated
are simply counted, The Sciance Activity Inventory is an

cxanple of such a scale,
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A second technique, wsed by Khan (1950) and !utimlingam
{1963) requires the respondent to indicate the intemsity or
level of his interest n, say, a five point scale. The
rosponges are then treated as responses on a summated rating
scale, The instruments used by Haussler (1987) and Gardner and
Temir (1989} in their recent works examplify this tecimique.

A third teclmique is typified by the (Clarke Secimee
Interest Checklist in which ¢ach itam presents three concests
reflecting a biclogical-science, an carth-science and a plysical-
science topic. Subjects are asked to chcose the topic thay most
like to lecam about and the concept thay least like to lecam
about, This type of instrument is sail to be ipsative or t
yield ipsative data. For cach respondent it yiellds a profile
indicating his interests in the threc areas but not his actaal
ievel of interest in any of them,

It may be appropriate to throw some more light on ipsative
ingtruments and ipsative data wnich also feature oft@m in the
measurenent of Heath's (1964) four-mode dimension of comitive
styles. In an ipsative instrument the respondent nay be regarded
as uaving a fixed total score which he distributes among the
various scales within the inatrument, Thus it is imposaible
obtain an extremely high {or low) score on all scales. Ipsative
measuremants yield profiles for individuals., In other words,
sacn gscore reflects the individual's strengths or wedknesses
Vithout necessarily showing how strong or how weak he is in

relation to another persam,



In an ipsative interest measurement the cancem is to
know which objects a person is most highly interested in (4r
those attitudes he holds most strangly). It would be posailble. ..
for another person with identifical scores to have much higher
level of interest (or to be much stranger in his attitudes), In
an ipsative instrument respondents are required to 'rank' the
options while in a nomative (i.e., non-ipsative) scale they are
asked to simply 'rate' the options, It is important to point out
also that there is an inherent tendency for ipsative scales within
an instrument to be negatively intercorrelated, since a high
gcore on one scale must be associated with lower scores an the
others,

A cognitive style test such as a Cognitive Preferaence
Test (FT) may be ipsative or nomative depending on whether the
subjects have been asked to rank or to rate the response options,
Cattell (1944) had defined normative, ipsative data and the need
for researchers to be careful in using them so as to avoid
(i) the use of unsuitable statistical techniques, and (ii) making
inappropriate interpretations. Several studies have since shown
that there is no need for special statistical treatment of
ipsative data because relationships obtained with ipsative data
have been found to be very similar to those obtained with
nornative data (Kempa and Dube, 1973; Keampa and Tamir, 1976;
Tamir and ILunetta, 1977, 1978). This notwithstanding, Cattell's
advice regarding the necd for researchers to be careful in
uging ipsative data to avoid making improper interpretations

remains valid, “"'
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According to Gardnerts (1979) categorizatian, the process
of comgtructing a valid and reliable interest inventory and
then uging it in a soundly conceived research project, mgy Te
regarded as consisting of five stages:

(i) defining the interest object(s) to be meamired;
(ii) scale canstructiong
{iii) tried

{iv) appropriate utilization; and

(v) appropriate choice of research design md

statigtical analysis,

Defining the interest object(s) implies specifying the type of
interest being measured {e.g, interest in different physicse
textbooks) and the theoretical congtruct underlying the scale.
if an instrument iz to be designed 1o measure different variables,
such variables should be clearly spelt out in advance wnd the
ingtrunent should yield separate scores for each of these
variables.

4 meaningful scale should faithfully reflect tke position
of the respondent on some well-defined continuum, For this to
be possible all the items within the scale must be related to
a single interest object., A disperate c¢ollection of items,
reflecting interest in & wide variety of objects, does not
constitute a scale, and cannot yield a meaningful scere. The
attitude to Science Course at Training College (Jhah, 1962) and

Harrison's (1971) science attitudes scale have bem criticised
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for having this shortcoming (Gardner, 1975), Other weaknesses
which have been associated with some interest inventories
include: confusion of various theoretical constructs, inclusion
of defective items and inclusion of items that do not reflect
the construct which the scale set out to measure, These
weaknesses have been discussed in details, with illustrative
typical examples in the review of attitude to science (Gardner,
1975: 13-14).

The preliminary trial or pilot study is an important part
of any research project, During the pilot study the instrument
is administered to a sample which is approximately comparable to
the target population for which the instrument is ultinately
intended, Data collected from the pilot study is very useful for
critically rechecking the properties of the instrument as a whole,
properties of the scales within the instrument and properties of
tie individual items within the scale., Vital ilem and scale
statistics are usually computed and used in checking these
properties, For interest (or attitude) invemtories of the Likert
type, the most important properties normally checked are scale
sensitivity, internal consistency, stability and factorial validity.
Sengitivity refers to the ability of a scale to diccriminate
anongst respondents i.e., to spread the subjects along the
available range of scores,

Intemal cmsistency is the tendency of items to be correlated
it one another and with the total scale scores. It is

influenced by two major factors; +the number of itams in the scale
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and the extent to which the items reflect a clearly defined
unitary canstruct, The internal consistency of a scale can be
 estimated uging the split-half (odd-even) correlation coefficient,
or Cronbach's alpha coefficient., 3tability {or reliability)
refers to the tendency of a scale to yield similar scores when
adninistered to the same respondents at different times and can
be determined by calculating the test-retest correlation, The
tine interval bvetween adminigtrations should be long enough for
tire subjects to forget the wordings of and their responscs to
individual items, but short encught to prevent lonp-term factors
from influencing their responses., In practice an interval of a
fow weeks (usually two cr three) is cangidered adegiate.

Factor analysis provides information as to whether items
nave bean correctly assigned to scales and as to whether the scalea
are unique because different scales load on different factors,
Pactor analysis is necessary when a single ingtrument coutains
a nunber of separate scales,

The diverse, incorsistent and inconclusive nature of lots
of research findinga have been largely attributed to the failure
of researchers to investigate these instrument propertics and/or
to investigante them properly, In concluding his recent update of
the review of attitudes to science, Schibeci ([1984) has lamented
that "despite the very largse body of literature, it is difficult
to draw unequivocal conclusions regarding the influence of

- particular variables on student attitudes o science”, lJegarding
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what the sciemce education coumunity can do to improve the

prevalent situation, he suggested as followss

In general, a first step coauld be for journal editors

to urge their reviewers to be more crifical in their

reading of attitude studies. There are a number of

studies which have apparently been subjected to a

blind reviewer system which should not have been

published without modification, Studies which report

no attempt to gain reliability and validity data about

the attitude instrument form one category of studies

which should be summarily rejected.

Appropriate utilization refers to the need for an underlying
theory relating two variables between which some relationship is
prosuned to exist, If, for example, a treatment X is considered to
be associated with outcome Y, there ought to be some basis for
arguing that the treatment is connected with the outcome, Finally
a suitable research design must be selected for tic study and
apuvropriate statistical procedures chosen for the data analyses,
45 already pointed out all this would depend on the nature of
the research problem, the hypotheses tested, the variables being
examined and the data collected,

™o recent studies on students' science interest (Hauwssler,
1987; Cardner and Tamir, 1989) are reviewed below in order to
highlight current approaches to the collection and treatment of
{science) interest data,

In his intemational overview of students' interest in
science and technology, Gardner (1985) had criticised studies on
students' interests in science, pointing out that nost of them

show cne or more of the fol owing weaknessess
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(1) Much of the research gives the impression of not
having been guided by theory;

(ii) Interest is often treated as a unidimensional
quantity; and

(iii) Jhat is often measured is not explicitly made clear,

/n instrunent to be used in a longitudinal study to investigate
the development and change of interest in physics was later
developed in the Federal Republic of Gemany (Hoffman et al, 1985)
in such a way thal the shortcomings identified by Cardner were
avoided, To do this the following measures were takens
(i) The unfolding of the construct 'intercst in

phiysics' was done on the basis of a curricular

model of 'education in physics' yieliing three

curricular dimensions;

(ii) The construction of test items in these thrve
dimensions followed the results of a (delphi) study
on 'education in physics for today and tomorrow'
(llaussler et al, 1982) which guided the selection
of categories within each dimension; and

(iii) The test items were designed to measure the
intrinsic motivation of students for engaging in
physics-related activities irrespective of the
particular setting in which this activity takes

placa.

the principles used in developing the interest in physics
test and the results of a cross-sectional study carried out in
Jost Germany using this test have been outlined in llaussler's

(1987) work which has largely inspired the presamt study. Although
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neither the problem(s) nor the hypotheses of the study were
stated by Haussler, it seems clear that the purpose of the study
was to identify the interest profiles of physics students and to
determine how these profiles were related to age, sex, and school
type in the Federal Republic of Germany.

The dimensions of the construct "interest in plysica" were
derived from a curricular model of physics education developed
by Naussler et al (1982) in their study of desirable hysics
coducation for high schicol students in Cemany, In the said
nodel statements about physics education consisted of three
elanants, namely areas of physics with which familiarity is
required for an understanding of the subject; situations,
contexts or motives in or for which a particular arca is
aeaningful; and the appropriate or desirable modality ol an
individual's dispositim over or his dealing vith piysies
cducation, These thrce elements were then used as dinensions of
students' interest in physics on the assunption that interest in
pliysics can be broken into interest in a particular

* gubject matter or topic of physics;

* context or situation in which that topic is presented; and

* activity a person is allowed to engage in in conjunction

with that topic,

The results of the delphi study on desirable plysics educatim
aloo guided the idemntification of categories or subdimensions for

tlie three main dimensions, All together ei_ht categories were
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identified for the topic dimension, seven for the context

dimension and four for the activify dimension,

The categories for the three dimensioms as tabulated by

‘Heussler (1987: 81} 'aJ.:e presented below:

Table 7z Categorigation of the dimemsion 'topic’

(r 1)
(2
(T 3}
(T 4)
(T 5)
(T 6)
(T 7}

(T 8)

-

Optica: How light can be influenced by lensss and
mirrors and how optical instruments function,

Acougtics; How sounds, toncs and noises are produced
and how they spread.

Heat: How heat gpreads and how it can be used to set an
object in motion, .

Mechanics: How the motion of & vehicle can be described
and how force can be saved with simple machines,

Electricity and magnetism; What electricity and
magnetism actually are and how they can be generated,

Hlectronica: How electronics functions and how we can
use it.

Structure of matter: What basic components the whole
world is built of. - _

Radioactivity and nuclear power: How atons disintegrate
or spiit and how this process can be utilized,

Table 2: Caterorizaticn of the dimemsi c_)'n' 'cg'ri'téic{:'

{Cc 1)
{(c2)
{¢c 3

(C 4)

Physica as a vehicle to emhance emotional experiemce

Physics as a vehicle to understand teckmical objocts in
everyday life.

Physics as a bagis for vocations I {teclnical vocations,
vocations related to Tesearch in physics)

Physics as a basis for vocations IT (medicine, srt,
coungelling)

e
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(C 5} Physics as an intellectually challengmg scientific
enterprise I {qualitative level)

(C 6) rPhysics as an intellectually challenging scientific
enterprise 11 (quantitative level) .

(C 7} Physics and its impact an society,

Table 3: Categories of the Activity Dimension of
Interest in Physicg

(A1) Leaming on a receptive level

(A 2) Learning by doing

{4 3) ngaging in higher cognitive operations

(A 4} aluating tochnical developments in conjunction

with controversial issues

The three dimensions of interest derived in this study are
similar to those proposed by Gardncr (1985}, namcly sudbject
patter, ourpose and extent of commitment,

To incorporate the three dimensions of interest into a
interest invemtory, two pessibilities were considered: either
the test has three segparate paris esach measuring only one
dimemsion or it will consiat of test items, each of which contains
all three dimengions. The latter option was choaen on the
grounds that it would avoid doubts as to the validity of the
test which a choice of the first option was likely to raise, Tims
in each test item reference was made to one topice, one context
and me activity, leading to 8 x 7 x 4 = 224 possible item
configurations, Three examples of item configurations arc shown

in Table 4 (flaussler, 1987: 83).
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Table 4s Gxamples of Ttem Configurgtiong

1. To get more information about force gaving

Al 13

tools in a mechanic workahop
C3

2 To plan %xperimmta suitable for inveatigating the

properties
- 05
of | electromagnetis
S
Se To learn more about how colours occour
A‘_l ™

in the sky (blue sky, rainbow, sunset}
¢1

Al refers to the first category of the activity dimension as
in Table 3, T3 to the third category of the topic dimension and
C3 {0 the third category of the context dimemsien,

For cach item the student is asked to indicate his level of
interuvst mn a five-point Idkert scale as follows:

iy interest in this item i

Jery nigh high medium low very low

() () - {) (3 ()
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Hot all poszible test configurationg were included. For each
topie, only oleven combinations with the other two dimensions
were selected for the final version of the test, tims yielding
a total of 88 items. Sincg the test was also administsred to
students who had not had any prior physics instruction, the
problem arose that such students were required by the test %
express interest in areas of which they had little knowledge.
To deal with tmas difficulty, eack student was ziven a one-page
in<roductory text for every topic covered by the teat so as to
get the novice familiarized with some ideas and concepts
characteristic of that topic. To adjust the test for older
students who had varied experisnces in physics classes, the
following measures were takems (i) the introductory texts
were geared to a more sophiasticated level, (ii) the items were
formulated in terms of "learing more' about a particular area
of physics; and (iii) examples were given in the introductory
section of the test to show that there is always szomething more
to learmn on a higher level of undergtanding,.

The 88=-item instrument was administered to a sample of
4035 West German (physics) students in the age ranse 11 o 16
yveara gtiending three different types of schools: Gymnasuim,
itealsciyle and Hauptschile, |

The data collected were snalysed using a variance snalysis
mathematical model according to which it was assumed that the
compound or total interest in physics I (ijk) with respect to

& particular interecst item composed of topic (i}, cantext (j) and
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activity (k) can be writtem as a sum of terms representing a
constant (or the grand mean), the main comtributions of each
of the three interest dimensions, the contributions of the
interactions between the dimensions and the contribution of an

error term, respectively.

I (ijk) = Constant + T (i) + C (j)'+- a (kY + Tﬁ (13)

+ TA (ik) + Ca {jk) * e {ijk) |

where the term *Constant' represents the overall interest in
piysics, T (i), C (j}, A (k) represet the main contributions
of the dimergiong, e (ijk) an error term accounting for all
aorts of deviations from the mathematical model while the rast
represent the cantributions of the interactions between the
varicus dimensiona,

The analysis revealed that the explained inter~item variances
were typically of the order ¢f 605 when only the main cffects were
congidered, The contribution of the interaction tems was found
to be a mere two or three percemt, This was ingignificant in
comparison to the main effects, hence contribution of the inter-
actions was neglected in the snalysis, Since the contribution of
the error term was also found to be minimal, it was suggested that
the bulk of the unexplained 40% variances was not due to ihe
individual differences in the interest piofiles of the studenta
but rather was caused by the individual features of the items such

as gystomatic errors in the wgy in which individual items were
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formulated, Of the 60% explained variance the topic and
activity dimensions were found to contribute about one-fifth
eacih while the remaining three-fifths was contributed by the
context dimension of interest. "In other words, the response
on an interest item is mainly influenced by the kind of context
with which the item is associated and much less by the
particular content or the particular activity involved"
(llaussler, 1967:86).

The following results emerged from the analysis of the datas

(i) leither the overall interest in physics profile, nor the
interest profiles in the three distinct dimensions were
influenced by the type of school attended by tho students
not even in the case of older students in the scmple
who had attended a certain type for as long as six years,

(ii) The overall interest in physics decreases as students grow
older. This conforms with the gemeral trend found in nmy
other studies, The drop which is most pronounced between
12 and 13 years is, however, moderate and far from being
alarming,

(iii) Sex differences in interest exist among the plysics
students, These differences are outlined in the discussions
below, Differences in interest between the boys and the
girls are not very large and the gap tends to get maller
as students get older, suggesting that physics teacking in
Germany does not seem to decrease the interest of the girls

relative to that of the boys, Cirls tended to like
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almost equally well or better than the boys, topics

like light, hcat or a acoustics, i,e. topics that can

be grasped by the semnses, but thoy were less inclined to
all the other topics. Boys had higher intercst for
electranics and for radicactivity and nuclear power,

both being rather remote to the semses., In the case of
electronics the gap widened with age while for radio-
activity and nuclear power the gap disappeared with age,
Perhaps the females regorded electronics (which is
teclnology oriented) as a male area which they would rather
keep away from, In camtrast, nuclear power, which is a
gengitive and controversial issue in the society seaned

to appeal to the girls more and more as they grew older,
The context dimension showed that girls appeared
uninterested in the quantitative mathematical aspects of
pliysics ard in physics as a tasis for technical vocations,
On the other hand the girls were equally well or even more
intercsted than boys in physics as a vehicle to enhance
emotional experience and in physics related to vocations
like medicine, art or counselling, Finally, as (irls grew
older, they become more and more interested in the impact
of physics on society, .Jith respect to the activity
dinension, it was found that in general younger ciildren
like "leaming by doing" more than older persons vhile
both young and old students like other activities equally
well, The interest of the boys in all activities is

higher than that of the Birls(though the difference is not



115

puch) but in the case of "evaluation of technical
developments in conjunction with cmtroversial ismes®,
the interest of the girls rises above that of the bo*y.;s
from age {4 onwards. |

(.iv) o topic was cuistandingly liked or disliked by the
studonts - all topics fell between the 3roint (medium)
and the 4-point (high) interest levels on the scale -
neither was there any dramatic changes in the pattern .

of interest with increasing age,

One important genmeralization that emerged from the sex
differences in students' physics interests is that itc develop
interest in physics girls seem to rely more than boys on
op-ortunities to use their senses, to see relations te other
arcas of the social culture and to ask questions about the
neaning of physics to hucan existence, This conclusion is in
ling with an earlicr finding (Gilligan, 1982) that distinct
solution patterns exist for boys and girls when theoy are ’
confronted with dilemma situations., According to Carcl Gilligan,
the reasoning of the zirls appeared to stem from "a world of
relationships, a world that coherss through human relationships
rather than through systems of rules", Hauassler reogreticd that
physics education in Germany did not particularly stress those
topics, contexts and activities that were favoured by girls and
suzgested that Ythe zap in interest betweem boys and girls nay
be closed if physica is treited not solely as a sciemtiiic
anterprise but algo in ita connection to the society as a whoele,

including controversial igsuesh,
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In their omn study of students' interest in biology, CGardner
and Tanir (1989) also conceptualized interest as a multidimensional
construct comprising three components: topics, activities and
motives each of which has several dimensions, A test battery
comprised of seven instruments was developed and validated
(Part I of the study) and then used to explore the relationskip
betwecen interest and the enrolment intensions of Isrgeli senior
nigh school biology students (Part II of the study).

In designing the test battery for studenta' interest in
viology, Gardner and Tamir drew upon aspects of the earlier
positions m the subject by Lind (1982), Gardner (1985) end
laussler (1987). Lind had conceptualized interest in physics
in tems of various sciemtific activities (e.g. observing,
calculating, theorizing). GCardner and Haussler on the other
tand adopted the three-component model as a basis for
investigating the stiucture of students' interest in scimce,

e test battery is made up of seven instruments, each consisting
of items scored on a five-point Likert type of scale,

Jor the topic dimension, a 45-item instrument, the Interest
in Jcimce Topics (IST) scale, covering a wide ranse of topics
in nizh school biology, was designed. The instrument was divided
into two parts, Form A (25 items) and form B (20 items) and themn
adninistered to differnt samples of the population in order to
avoid making excessive demands on the students time., lanple

ita g are;
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How interested are you (or how interssted do you think

you would be) in the following topics?

(1) How new cells ars formed

(ii) The process of digestion,

For the activity component, two instrumetiis were constructeds
the Learning wode Preference (IlP) scale and the Interest in |
Ucience Activities (ISA) inventory, The items in the 1P
reflected three categories conceptualised for this component,
namsly experiential learning, student autonomy and cognitive

challenge, Sample items includes

(1) Attending a good teacher's lecture

(ii) Carrying out an investigation in the schooi labvoratory
(iii) Carrying out an individual project

(iv) Copying summaries from the blackboard

{(v) Studying in small groups.

Tae ISA contained items which reflected various cognitive
orocesses that scientiats engage in while pursuwing scientific
inovledye, e.g. obaerving, eatinating, theorizing, Concepituali-~
sation of the categories for this scale was derived from the .ork
of Lind (1982) who found factor analytie supyort for it in a
stud; of students' interest in lsarning physics., Items for this

instrupent were written in the folloving four catecories:

(i) Interest in theories - e.g. "examining theories

on sugar production in leaves",
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- {(ii) Interest in observation - e.g. "observing the root
growth of a plant after it has beem turned upside
down",

(iii) Interest in mathematica - e.g. calculating the size
of cells observed under a microgcope",
(iv} Interest in practice activities - e.g. finding a way |

to prepare very thin plant tissue sections".

The motives component was assessed by mecans of tarce
instruments: the Activities iiotives Inventory {.wl), tne
Interest in Social Aspects of Science (ISAs) and the Carcer
Ors.entation Inventory {(00I). The Al is a general inventory
with iteas in which a wide variety of reasons were offered for
being interested in a particular topic. Respondents were agied
to indicate the importaice of each reason to them, Janple items
are: |

(i) Better chance of success in examination
(ii) Spending time outdoors in nature

(iii) Related to my future career,

he I3A3 and the COI each focussed an a specific reason for
intercst in more detail, ISAS was concerned with igsues
involving the interaction vetween biology and socievy. ihe
following are sample items:

(i} uffect of chemical industries on the arvironmen

(ii) mMoral issues related to artificial fertilization.
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THE I required studenta to rate their interest in various

biclogy — based careers. Hxamples of items are:

(i)} Computer gspecialist in a biologicsl research
ingtitute
(ii) Physician
(iii) Hospital nurse

(iv) Caretaker of animals in a zoo,

an Attitude Towards Biology Study (ATB3) scale, an
instrurmt degigned to measure students' gemeral attitudes %o
learning biology was also desiymed. Items in the instrunant were

either favourable or unfavourable attitude stateamts, Ixamples:

(i) Self-confidence in learning biology,
8.8 (a} "Studying biology is quite casy for me"
(v} "I often need the help of the biolely
teacher" i
(ii) mEnjoyument,
g.2. (8) "I enjoy studying biology™
(b) "Investigating natural phencmena which

are already understood is a waste of timel

o set of items in this scale were intended to rellect an overall
reaction to biology (rather than specific aspects of it) and a
mixture of various affective reactions (enjoyment, usefulness,

cosnitive challenge versus boredon, pointleasness).
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Finally, for the purpose of the second part of the study,
an eighth instrument (Instrument Q) was devised, This was a set
of questionnaire itema which sought general and pei‘sonal
information from students e.g. gender, etrolment intention, past
perfomasnce in science subjects, paremtal cccupations,

The anthors claim that all items in the test battery were
original., Items for the topic dimension were preparad after
careful analysis of the content of Israeli high school biology
courge. The content of the motive ingtrument were influenced by
Tagerts (1982) desirable science teaching objectives and by some
interview data reported by Sjobers {1983} on the factors affecting
undergraduate students' interests in science and mathasatics,
Itens assessing enjoymeant of physics were takten from Gardnor's
{(1972) earlier enjoyment of physgics scale and medified avpropriately.
The instruments were administered by a tean of student teaclers to
a saople of 878 grade-10 biclogy stulenis located in 12 Jewish and
2 .rab schools, 10 out of which were situsted in Jerusalen,

The instruments wers subjected to factor analysis in order
to examine the structure of students' interests as revealed by
the patterns underlying their responses to the iteas in each
scale, The results of the analyses provided support for the
itais and the categories within each interest component used in
the final versions of the ingiruments, The reuder is referred
to tae original report for details regarding the analyses and
the results which informed the final selection of items, Ilowever,

a iev aspects of the results deserve brief nentions
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For the activity component factor asnalysis yielded four
distinct categories instead of the three initially
conceptualized by the anthora. These categories ares

{i) Interest in experietial learning -

(ii) 1Interest in reception learning
(iii) Interest in lsarning through writing and summarizing

{iv) Interest in leaming through group discussion,

Desults of Tactor snalysis demonatrated a total lack of
suprort for the conceptualization which led ito the
construction of the IGA instrument that was derived from the
work of Lind (1982). Although the analysis yielded four
factors, they were not identifiable in terms of commitive
processes (observing, theorizing) in which scientists
engage., ilather the factors shown reflectod ancther seot of
"topic" measures end were subsequently used as such in the

secmd part of the study.

Apart frau the four dimensions for the "activiiy" couponent,
the factor analyses also yielded a total of 9 dimengions for

esch of the "topic" and "motive" components,

for the second part of the study, the data were analysed

using zero order correlations and multiple correlations, The aim

was to explore relatiocnships between the dependent variable

(enrolment intentions) and the indepemdant variables (science

interssts, ability, attitude), Following the infomation obtained

from the general questionnaire {Q) on students' enrolment

intcrests, students were classified into four grains:
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H: Students intending to take high-level biology

I; Students intending to take low-level biology

P: Students intending to take one or both of the
physical gciences

N: 3tudents not intending to take any science.

In Israel students towards the end of grade-10 mal:.e. specialist
subject choices for yrades 11 and 12, They must decide which
aubjects to take and at what lovel to take them. Biology nay be
felton at 2epd=of or Dapoint level, The points count as crodit
toward the final examination (the Bagrut} at the end of grade 12,
The courses to be taken involve lower cantent coverage (2~ or 3w
point level) or higher content coverage (4- or 5- point level),
The four enrolmmt groups constitute the denandent variables.
Jith respect te the independent variables, the set of categoriea
of the three major interest components for which factor analy tic
support waos obtained made up the interest variables; obility was
assessed from the informmation about students' scicnce grades in
the three science subjects (physics, chemistry, biology) tacen
in grade 10 as indicated by the students in the general
questionnaire (Q); while attitude (to biology study) was measured
vy four factors which emerged from the factor analysis of the
responses to the ATES instrument, Two factors obiained from the
general instrument (Q) namely "perception of the latrieulotion
exramination as fair" or as "interesting", were also added to

the set of attitude variables,
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The following findings emexrged from the correlational
analysess

1« The independent variablea (science interest, ability,
attitudes) showed ability to distinguish high-level
biclogy students from the others and non-science students

from the others,

Zea Intention t¢ enrol in high-level grade-11 biologs correlated
moderately (r»0.3) but significantly with taree variables:
good achievement in grade-10 biology, enjoymant in learning
biclogy and interest in reproduction, The correlation with
"anjoyment in leaming biology" suggests that wiile there
may be theoretical arguments in favour of defiuing
multidimensional interest congstructs in fine detzil and measuring
them sperately, global general measures are still important.
Correlation with "interest in reproduction" suggests that this

topic plays a more important role than others in shaping a

student's decisicon to continue with biology at a higher levele

3. Intention not to enrol in any science (N group) correlatecdd
negatively with an “interest in the microscope™, “interesat
in plants", and "interest in problem solving". It is
important tu ncte that unlike in the H group (where
achievenent in biology was the beat single prodictor of
future enrolment}, in the N group interest variables
generated the stronger correlations, It would tims, seem
that interest is the kg factor for deciding «hether a

subject would be taken at all or not. After touing that
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decision, then personal competance {(i.e, ability/
achievement) is then uased to decide on the level at which

the subject will be taken,

Other variables — gender, career oriemtation, prdblan—
solving motives alsc have some influence on biology
enrclment decisima. Those who are likely to avoid grade-il
science include the students with little interest in
microscopic observations, little interest in planis, poorer
grades in biology and cnemistry and girls rather than boys.
The finding that career motives are related to enrolmaent
intentions is consistent with Sjoberg's (1963) rIinding of
the importance of interest as a majoxr factor affecting the

career choices of Swedish students,

The study provides congiderable support for the (constiuct)
validity of the topics - activities - motives model of

interest,

Biology is clearly the most popular of the three main
science subjects in Lsrael, with two~thirds of the total
sample expressing the intention to enrel in it at grade 11.
Although chemistry was shown to be more popular than

piysics, it was less likely to bo taken at high-lovel,

In discussing the implicationg ¢f the findings, the authors

proffered the following suggestions:

(£} Although there is evidence for the validity of the
miltidimensional canstruct of interest, furtier

ingtrument-development is necessary in order to
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(i4d)

(iv)

(v)
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amalganate items which measure similar dinmsions,
to write new items to measure dimensions which for
now contain only few items, and to remove items with
low factor lasdingse

Diclogy teachera and educators would no doubt wish
to continue their effort to enhance the avpeal of
their subject by altering those variables over which
they iave scme control, Areas to wiich thay should
pay attenti.n include the teaching of cell division

and reproduction and genetics since inter:zt in

~these topics correlated positively and signilicantly

with intenticn to enrol in high-level biolo y.
turtner research is necessary to investizate the
factors that make the physical sciences so narkedly
less popular,

Atteupts to foster interest in the microscope, in
plants and in problem solving might ancourase some
students who might otherwise drop scicnce aftor
grade 10 to continue with some science insteed,
Teaching methods whick allow for some sceial mode of
learning (e.,8. group discussion) might also appeal
to smuch studemisg, ,-
Sckool might try and provide grade~10 é‘cuionts with
nore infomation about the ranze of careers available

to those with a biology vackground,
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The suthors concluded the report by coungelling that the
clear evidence of the multidimensional nature of interest "should
be borne in mind by researchers sedting to evaluate the specific
effects of instructicnal materials and teaching methods an
studemts® interests". This advice is relevant to the present
study in which the effect of the teacher-directed discussion mode
of instruection on students' physics interests and nhysics

coguitive styles are examined,

2,5,2 Collection and Treatmert of Cogniitive
Style Data

Cognitive styles are measured by means of various approaches
and instruments depending on the cognitive style dinaision
concermned, Heath's four-mode model which is employed in %the
presait study is measured by the Cognitive Preference Test ({PT)
originally designed and used by Heath (1964}, A distinguishing
feature of the (FT is that it provides a method of neasuring
cognitive styles within the same field as that fo vhich the
measurenent is to be applied, sach item in the instrunant begins
with a stem (usuwally a factusl scientific statement or diagram)
followed by four extension statanents or optians, All the options
are correct scietiiic atatements sach related te bhe stem ond
corresponding to ane of the four cognitive style modess recall
or memorization (R}, principles (P), application (i) and critical
questioning (). Hespondents are asked to rate or rank the optiona

according to their ovan individual or personal prefer-nce thus
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yielding respectively normative and ipsative data which have
already been explained (see section 2.5.1). In the ranking or
graded rating procedure, 4 points are allotted to the most
preferred option, 3 points to the next, 2 points to the next and
1 point to the least preferred option,

Yodifications of the original instrument have been introduced
by some researchers, For example, Bamett {1974) used a @T that
hes only three scales, namely R,A4,Q. This ingstrumant called
Cognitive Preference Examination - II (P2-II) was originally
developed by Atwood (1971). The fundamental principles scale
was not included, Jilliams (1975) also used a similar scale in
which the critical questioning (3) scale was eliminated, .twood
o:plained that interviews with stude.ts completing a preferace
teot served as basis for reducing the number of options fron
four to three, The students intervicwed expressed difficulty
in keeping four options clearly in mind while making a choice,

The fundamental principles (P) was chosen for elimination because
it was judged to be gemerally "less distinct" than the other
options, No reason was given by ¥illiams for not including the Q
cognitive style scale in his CPT, Tamir (1975) has pointed out
that Atwood's decision to leave out 'Principles' in his cognitive
preference test (CPE-II) may be rather unfortunate since evidence
froa several studies indicate that 'Principles'(P) appears to
differentiate very well between students following new and

traditional curricula,
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In most atudies employing cognitive preference tesis the
coipitive styles of respondents (umually studemts and teachers)
have been measured directly from their responses, Atteupts have,
however, beat made in some gtudieg to identifly commitive styles
of subjects by an indirect approach. The approach invelves
iientifying th - cognitive styles of stulents as perceived Ly their
teacuers or {perhaps) vice vera. The GPT fomat is beset with two
problems: (i) scoring is cumbersome, and (ii) the stan is oftem
suzcestive of the keyed responses.

The indirect approach was used by (gunsola-Bandele (1987)
wio identified chemistry teacliers'! perception of tho cognitive
styles of their students and compared the patterns obtained with
these obtained more directly from the students' owm resuonses,
Doas and Hovart (1975}, Shuaibu and daztins (1984) wad llahuta
(1585} nad suggested an indirect approach to classroon
obsorvation and measuresent in order to reduce threats to external
validity which is usually associated with more direct wethods of
neagurenent, Ogunsola~Bandele administered the sane U-T to both
the chenisgtry teachers and their students but with Jifforent
instrugtions. Students were asked to ranik the options Ly awarding
4 points to the most preferred and 1| point to the least preferrved,
On the other hand teachers were asked to indicate how tlie majority
of their students were likely to react to cach item (i.e. how
the majority of their students would rank sach itan). Jnalysis
of {he data using the lann - jhituey U teat revealed no

siznilicant differences bhetween the students' claims to proferred
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cognitive styles and the teachers' perception., The results
magsest the indirect method of estimating cegnitive styles could
be as dependable as the dirsct approach., In the present study
the direct spproach will be employed in assessing the intarest
and cognitive style profiles of physics students.,

An glternative method of measuring comitive styles using
the Lefining Issues Test (DIT) has bear explored by Smaibu |
(1968). The DIT {Rest, 1974} consists of six hypothetical
stories and respondents ware required to evaluate a set of twelve
issue - statements, The subjects rated hew imortat each
isme-slatement was in deciding ¥hat ought to be done. Athough
tais was a recogmition task, it enabled the responients 1o
reason, In addition the subjects wers required to rank four
aoot important choices, thus making objective scoring nossible,
The test offers a means of measuring changes in wmoral jud:zament
through the assessmant of crucial noral isgues in situations
involving moral dilemmas.

In the DIT, each of the twelve issue-statenents asscociated
with a story was written to exemplify some characteriatica of -
one of the stages of moral development, Okatahi {1924) used
a nodel of the DIT in her gtudy with Nigerian subjects in which
she attempted to increase the moral judgement level, locus of
conirol and self-concept of individuals. Her results were
deaonstrative of the potantiality of Rest's dilemma~iszues

apuro -ch in the Yigerian cultural context,
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The DIT used in Shuaibu's (1968} study was a paper and
pencil cognitive style test wmade up of 10 short pasgsages. Zach
passage presented an issue in chamistry or cihemistry context in ‘
winich respondents were required to take a decision, The issue
was presented in a stem followed by four response options, all
related to the stem and each corresponding to ane of Heath's
cognitive style modes (R, Py 4, A)e This instrument togother
with another 20-item CPT of Heath's type wag administerud to a
sazple of 69 chemistry students of a School of Agriculture in a
pretest-posttest experimental design, The items and optiona
of the DIT followed the fomat of Fayette (1967) and nest {(1974).
In it a number of passages or situations relating to issucg in
cheaistry (e.gz, fractional distillation, Hardness of water,
atomic structure) which are to be found in the JIchool Certificate
O-lovel chemistry were presented, Jubjects were asked to cloose
that response which suited their reaction best, A typical iten

in the JIT is as follows:

THE ALLOTROPES OF CARBUN

It's getting to six O'clock this evening and some students
decide to go for a stroll around the staff quarters, A few
meters Irom where they started, Jide pidted an engagement ring
with a diamond stone, They all stopped and had a look at it in
turn, Jadeh of the four comments {(a - d) is closest to the

one you would have made?
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*Digmond and graphite", said Yomi, "are the free states

in which carbon occurs". Others replieds

(a) Toey are called the allotropes of carbon,

(b} They are the two different physical forms of carbvon but
with the same chemical properties, |

(c) Diamond is attractive and in groat demand for jevelxye

(d) There are other non-mefals, such es sulpmur, “hich exist

in free states,

Jolection of option (a) adds to a respondent's R score, while
selection of option (b) adds to his P score, Option (c)

corresponds to A and option (d) refers to 3.

The inatrument was adminigterad to the subjecis in a
pretest-postiest design and the data were asnalysed using the
vann-. hitmey U test, A comparison of the ViT subtest with the
Heoath subtest showed that both tests were comparable although
Heath's model was more consistent in demonstrating a shift from
R to @, The ULT more consistently showed a shift towards P,
Thus the DIT which may be regarded as a popularisation of
Payette's (1967) approach by Rest (1974) offers another possible
neans of reverifying the cognitive style construct (Heath's model).
| In the present study subjects' interwsst in physics will be
neasured directly by means of an interest inventory adapted from
those used recently by Haussler (1987), Gardner and Toa: (1988)
and Gardner and Tamir (1989). The cognitive atylss of the

students will be similarly estimated directly throuch a GPT
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desimed according to Teath's {1964} and Kempa and Dube's

{1973) formats.

2.6 The Teacher~Directed Discussion Jiethod

Several research studies have shown that science students
in Wigeria are predominantly recallers (Shuaibu and Ogunsola,
1983; Joe, 1983: Dkebukola, 1984/85; Omoifo, 1986; Ogansola=
Bandele, 1987; Abah, 1988). Generally Nigerian gstudents score
hishest in R, followed by P and usually have low A, 3 Scores,

The genaral pattern ol comnitive style distributim is

R=P= A= Qor=PFP=Q<= A This implies that the greatest
difference in cognitive styles lies between R and n. It has
therefore been reasoned that the effect of an attempt fo modify
the cognitive styles of science learners in Nigeria should be
felt most dramatically in the shift from R to 3, if such a
treatment was effective (Ogunsola-Bandele, 1937).

Results of researches conducted elsewhere show that inquiry-
oriented curricula are more favourably dispoged towards the
questioning cognitive style (Heath, 1964; Kempa snd Dube, 1973b;
Tamir, 1975; 1976; Tamir and Lunetta, 1978)., It cam, therefore,
be presuned that a teaching approach suitable for moving (or
attempting to move) students' cognitive styles from R to @ should
be inquiry oriented. The choice by Shuaibu and Ogunsola-Bandele

(1928) of the defining issues -~ discussion approach as an
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appropriate instructional method for attempting a shift of
cheristry studonts' cognitive styles from predominantly R to ¢
wag probably informed by this reasoning., Although the results
that emerged from their study were largely inconclusive, it is
cleaxr that both the experiment and the approach hold considerable
promise for future research studies on the modifiability of
cognitive styles,

Available evidence also indicates that individualised and
activity-oriented methods of teaching foster highor interests
in and more favourable attitudes to science on the part of
studentg (Xramer, 1979; Tuckman and Jaheed, 1981; Davicon and
Senneth, 1961; Gardner, 1984), It would, therefore, be expccta
thit an inguiry=basedsactivity-oriented method of teaching, ouch
as the teacher-directed discussion approach, should have the
potertial to (i) increase the levels of students' interests in
physics or effect changes in students' interest profiles and
{(ii) produce changes (gains) in the cozpnitive styles of plysics
stadents or a shift from one style to another, particularly
from R or P to Q.

Shmaibu and Ogunsola~fandele recognised that their choice
of the defining-issue= discussion approach was rather incidental
and suggested that other methods be tried in order to find out
not only their individual generative effects on copnitive styles
but also the one that has the greatest generative (or modifying)
¢-Jcets on particnlar cognitive styles, In the precent study

the te.cher-directed discussion approach is employed in a pretest-
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posttest experimental design to explore the influence of
instruction on the interest orientations and cognitive style
profiles of physics students,

The teacher-directed discussion approach is a method of
teaching in which the students actively and verbally interact
with each other and (to a lesser extent) with the teacler in the
consideration of a problem or topic uncer study. It is an
overall step by step procedure for teaching a specific topic
or course in order to attain definite instructional objectives,
The approach is, therefore, a preplanned, organized and uxique
node of teaching by itself and not just the incidental, informal
type of discussion which may come up in the course of the use of
another nethod of instruction, The role of the teacher during
the discussion is that of a guide and moderator. In most cases
he poses the problem and then directs its discussion and
consideration,

Several authors have sharply contrasted the discuszion
netnod «ith the lecture/expository approach to teaching (und
and Trowbridge, 1973; Abdullahi, 19823 Brown, Oke and Zro'm,
1982), Outlining the nature of the discussion method, 3rowm

Oke and Brown (1983:4) stated thats

This method covers classroom leaming activities
involving active and cooperative consideration of

a problem or topic under study. It is charactarised
by increased involvement and active participation of
members of the class, Unlike the lecture metiod or

the expository method where the teacher is the lozinant
person, in the discussion the teacher stays very much
in the background, She poses the problem initiates
interaction, and allows students to pursue the
discussion towards the attainment of the goal,



135

During a discussion the students actively consider the
topic, project or problem; they weigh the points for and against,
argue with each other, suggest possibilities and solutimns,
evaluate alternatives and draw conclusions or generalizations,
The teacher leads the discussion and directs its course (i.e. in
a teacher-guided type of discussion). A problem can be discussed
by the whole class jointly (whole class discussion) or the class
cen break up into separate groups to consider the problem or
different aspects of it (group discussion).

The discussion method that is wused in the present study

has the following distinguishing features;

(i) It is inquiry oriented
(ii) It is activity based
(1ii) It is student centred
(iv) It taps richly from the questioning and

cooperative leaming techmiques,

sund and Trowbridge (1973) consider the discussion approach as
an inquiry method of teaching and strongly assert that vhen
properly employed the method is more likely (than nct) to develop
inquiry behaviour, The inquiry spirit is stimulated by the
jquestioning tecmique employed by the teacher in directing the
discussion, The importance of questioning in the diccussion
method was underlined by Sund and Trowbridge (p. 132) hen they
said that: "Any discussion leader interested in develo-ing
inquiring behaviour seldom gives answers but asks quesiions
instead, JStudents in answering questions leam to evaliate,

analyse nd synthesize knowlede,"
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Five important purposes of questioning have been identifieds

(i) for teaching (as in the so-called socratic
method),
(ii) for drilling and practice;
(iii) for guidance or leading,
(iv) for stimulating or motivating, and

(v) for evaluating (Brown et al, 1982).

The purposes most relevant to the discussion approach are the
use of gquestioning for “guidance or leading" and for "stimulating
or motivating”, Every discussion should stimulate reflective,
critical and creative thinking, The teacher should spend time
formulating and analysing the types of questions he would ask in
a discussion to ensure that the learmers are guided toward the
desired goals. Through such questions students would also be
helped to organise facts and materials, to interprete information
ad naterials, to establish relations such as cause and effect
and to -rovide reviews, The discussion leader's gquestions
should, therefore, be "thought questions" requiring reflective
md critical thinking or application rather than "factual
questions" requiring mere recall of facts and information,

A 2ajor objective of modern science teaching is to use science
process skills as a vehicle for getting scientific kmowledge acros
to the leamers, Weaningful science teaching must involve students

loin ~ctivities, This approach was adopted in the experimental

treat.~ .t for this study i.e. the teacker-directed discussion nethod,
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A discussion may serve as a useful preliminary to a learning
activity (experiment) or as a follow up to such an activity.

The students participate fully in the discussions and the
activities, The teacher and leader is very much in the backiround
initiating, guiding and steering the entire leaming process. A
najor advantage of the method is that it wells up the interest

of the students "because they are involved" (Jund and Trowbridge,
1973)

Jince the method is rooted in the principle of students
interacting with ane another, it means that they would most of
the time work in groups rather than individually, lecent studies
in Nigeria have indicated the superiority of cocperative learning
approoches (over individualistic strategies) in promoting
neaningiul learning and how these are influenced by students®
preferred leaming styles (Okebukola, 1385, 1986; Okebukola
and Jegede, 1938).

Flamming a discussion lesson and effectively leading the
discussion itself during the lesson are arts which dedicated
teacilers learn and improve upon with experimce, Jeveral steps
and puidelines to assist teachers in the use of the discusugion
approach have been suggested by Sund and Trowbridoe (1977),

Browm gt al (1982 ), Abdullahi (1982) and Maduabum (1924),
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2,7 Summary Of Related Iiterature

Related literature reviewed in this chapter shows that a
consensus exists among science educators and researchers with
respect to the meanings and importance of the concepts of
winterest" and "cognitive style" in science education, Cognitive
styles and cognitive preferences are considered equivalent by most
sciolars and, therefore, often used inter-changeably, Ilowever, a
critical look at the different definitions of the "comitive
preference” concept available in the literature suggests a possible
initial error in conceptualization on the part of Heath (1964),

Both interest and cognitive style are multidimensional
charcecters which are cansidered useful for evaluating or
predicting performance outcomes among learners and their teachers.
Ueath's 4-node cognitive style model (Recall (R), Principles (P),
Application (A) and Questioning (Q))is only one out of many
dimensions identified in the literature (not less than 30 different
labels are available), In the case of interest, 3 distinct
dimensions (Topic (T), Activity (A') and Motive (M)) have so far
been ampirically proposed (Haussler, 1987; Cardner and Toon,

1968; Gardner and Tamir, 1989). Heath's 4-mode cognitive style
model and the J-dimenpional model of interest were ecmployed in
tie present study,

Reports of various researches on interest reveal that
¢mclusive generalizations have emerged which point to definite

relationships between interest and sme variables notably gomder,
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age, subject matter, career traits and learmers' achievemants.
These trends have been summarised and presented, For cognitive
styles no such definite trends have come to light., The findings
have been largely incmclusive and at times even conflicting.

The relationship between modes of instruction and such
predictors of leaming as cognitive style and inter.st is of
current interest to researchers, The focus of concem is
low knowledge about cognitive style or interest mgy be used to
influence teacher education programmes and science classroom
practices in order to enhance gaing in leamers' achievenents,

Lost researchers are of the view that cognitive styles and
intereasts are not fixed traits but rather leamable and tcachable
characteristics (Glaser, 1970; Eassan, 1975; Tamir, 1982;
Chrigley, 1988), The work of Shuaibu and Ogunsola-Dandele (1968)
gives a ray of hope that cognitive styles may be modifiable
through teaching., The need for other studics to verify this
finding and to identify teaching modes which may be matched to
gpecific cognitive styles is implied,

Maurthermore, some relatimship between cognitive style
(a paychological atiribute) and interest (an affective trait)
was suggested by Haussler's (1987) study, Payette's (1967)
carlier view of cognitive style as an affective entity was
recently re-examined by Ogunsola-Dandele (1987) and ’maibu
(19688) with encouraging results, Therefore, an investi ation
of the relationship between cognitive style and intcrest (in
a science subject) seemed not only proper but also promised to

yield instructive results,



Chapter 3
DESICN AND PROCEDURE OF THE STUDY

T.1 Introductim

The main object of the present study is two-fold:
to investigate (i)} the relationghip between interecst
orientations and cognitive style profiles, and (ii) the
effects of a teaching method, the teacher~-directed discusasion
nethod, on the intorest and cognitive style pattems of a

group of predegree physica studendts,

In this section the theoretical mnodels, the desigm and
the procedure of the study are presented, Specifically tho
development ¢f the instruments for the study, their validify
and reliability data and the method of administering them are
described, The subjects for the study, the nature of the
exporimental treatment and the modalities for the treatment

are also discusged,

140
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3.2 The Design

Three theoretical models provide the framework and guide

for the present study., These ares

(i) Heath's (1964) 4-mode cognitive style model;
(ii) Gardner and Tamir's (1989) 3=~dimensional model
of interest in a science subject which is a slight
modification of Haussler's (1987) model;
(iii) The Solomon 4-way quasi-experimental pretest-
posttest design unique for its ability to separate
effects of treatment from effects due to ldistory or

maturation such as the effects of pretest,

These models are useful in providing the basis not only lor data
collection but also for data analysis and interpretation of the
results, The design of the present study is, therefore, in thres

partss

(i) In the first part the cognitive styles of the subjects were
assessed by means of a Physics Cognitive Style Test (PC3T).
The PCST is a 40-item multiple-choice instrument designed
after the format of Heath's (1964) and Kempa and Dube's
(1973). It is intended to measure the cognitive styles of
plysics students who have completed the senior socondary

school physics course,
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Bach item in the PCST begins with a 'stem' wiich is an
introductory statement or a diagram in physics. Jach

stem is followed by four response options labelled

A, B, C, D, All the response options are correct and
each option corresponds to one of Heath's four cognitive
style modes, namely Recall (R), Principles (P),
Application (A) and Questioning (7). The content of the
PCST covers most areas of the senior secondary physics
course coantent, The test was administered to the students

at the beginning and end of the experimental treatnmt,

{ii) The orientations of students' interests in plysics were
surveyed by means of an Interest in Fhysics Inventory
(IPI). Current thinking is that interest is a multi-
dimensional construct, 5o far three major dimensions
(Topic (T), Activity (A') and lotive (i))each with several
categories or sub-dimensions have been ampirically
delineated (Gardner, 1985; Haussler, 1987; Gardner and
Toon, 1988; Gerdner and Tamir, 1989),

The IFI is a 105~item inventory in which there are
56 items in the topic dimension, 24 itans in the activity
dimension and 25 items in the motive dimension, The
items were adapted from the inventories used hy Ilmussler
(1987) and by Gardner and Tamir (1989) in their reca:ri’_ '

M
ey

studies of students' science interests., The intercst “a;;" e
. " v

inventory was alsc administered to the subjects in a

pretest-postitest strategem,
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(iii) A quasi~experimental arrangement was used to examine the
effects of a teaching mode, the teacher-directed discussion
method, on the physics interests and cognitive style
profiles of the students, The approach used by Smith and
Bramblett (1981) and recently employed by Shuaibu mnd
Ogunsola-Bandele (1988) was adopted, They employed the
Solomon 4-way design as described by Campbell and Stanley
(1963). 1In this design model subjects are randomly
assigned.to each of four groups of which two serve as the
control (C) and two as the experimental (&) groups. Only
one control and one experimental group are pretested while

all four groups are subjected to the posttiest.
The model may be summarised as followas

Control Group I (C1): Pretest Poattoot

Control Group II (C2)s Posttest

sxperimental Group I (21): Pretest Treatment Posttest

Sxperimental Group II (22): Treatment Posttest

The Solomon 4-way design is useful for the following reasons:
®* controls instrument reactivity;

#* facilitates comparison of subjects who differ only
in that they received the preteat;

* assesses the degree of change that occurred betweem +
pretest and posttest for each treatment, }h"
aatr

T "
* euploys other advantages of a factorial desim, } .‘.ﬁu
-y
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The introduction of C2 and E2 within the cantrol and
experimental groups respectively is intended to separate the
effects of the pretest from those of the treatment. The
neasure also serves to minimise other extemal threats to the
validity of the data obtained in the study and hence makes the
inferences arising from the study more dependable, Therafore,
if the treatment was effcctive, it would be expected that the
meas of the posttest scores of the experimental sub-groups
would be ensistently and significantly greater than tle means
of the pretest scores, that is E1 posttest scores should be
grecater than 1 pretest scores and B2 posttest scores shiould be
greater than Ct pretest scores, Similarly the means of the
posttest scores for the experimental sub-groups .ould De expected
to be significantly greater than the mcans of tiie poasttest scores
of tie control sub-groups, i.e, &1 posttest scores > C1 postiest
scores, .2 posttest scorea> C2 posttest scores and 2 posttest
scores™> C1 posttest scores.

In the present study students were randomly assigned to all
the four groups. The experimental groups were tauzht Ly weans
of the teacher-directed discussion approach (the treataemt) while,
the cmtrol groups were tamght through lectures in an exvository

nanner,
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3«3 Instrumentation

3e3e1 The Physics Cognitive Style Test (PCST)

The four-mode cognitive style model sugsested by Heath
(1964) and later employed by Kempa and Dube (1973) and Tamir
(1975, 1976) is used in the present study, The cognitive
style instrument is a 40-item multiple-choice test covering
seven out of the eight major content areas of the Nigeriam Senior
SJchool Certificate (S53C) and the General Certificate of Mucation
(GCL) O~level physics courses, The areas coverel are; nechanics
and properties of matter, heat, light (optics),electricity,
magnetism, wave motion and sound, The area of atomic and muclear
piysics was left out partly because of the need to have a
manageable number of items and partly because of the difficulty
experienced by the researcher in writing items (in this content
area) which would be suitable and meaningful to stidents within
the Nigerian context, Table 1 shows the distribution of the

40 items of the PCST over the seven listed content arcass

Table 1: Distribution of the PCST Items by
Physics Content Area

' Content Area Itens
lechanics and
| Properties of Watter 1,7,13,19,25,30
L _Heat 2.8:15,20,26,31.37.39 1
L Light (Opticg) 52a11.17.23.29,35,33.40 |
dectricity 4,10.16,22,28,33
Magoe tism 3,9.14.21,27,32 ‘
| _iaves 6,12
| sound . 18,24,54,56




146

ZBach item in the PCST presents a stem which is an
introductory statement or diagram in physics followed by four
extengion statements as response options, Both the stem and
response options are factual physics statements (or diagrans)
with each option corresponding to cne of Heath's copnitive
style modes R, P, Aor Q. A typical item is presented below
7Ath the cognitive style implied by each option shom in
bracketss
17, The ray of a beam of light incident on a concave airror

and parallel to its principal axis may be focussed at

different points on the principal axis,
Ae The effect is described as spherical aberration (1)

B, This happens only in comcave mirrors with wide

aperture (Q)

Co All rays of light parallel and close to the principal
axis converge at the principal focus after reflection

in a concave nirror (P)

Ds Parabolic rather than spherical mirrors are used in
searchlights anl headlights of motor vehicles because

spherical aberration does not occur in tham (4).

The PCST w:s administered as both pretest and posttest.
Steps were taken during the poasttest to ensure that subjects were
not cued to the responses as a result of the influence of the

pretest, For example the sequence of the items and the options
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were rearranged, the wordings of the instructions at the
beginning were altered while retaining the original meaning

and paper of different colour was used to print the posttest,

3+3.2 Ihe Interest in Physics Inventory (IPI)

In recent studies interest in a science subject has been
concevtualized as having three components or dimensions, namely
topic (T), activity (A') and motive (M) dimensions, iJach
component in tum has several sub-dimensions or categories, The
categories or sub—dimensions employed in the present research
have been adopted from Haussler's (1987) and Gardner and Tamir's
(1989) studies, The IPI covers all the three dimensions and
their respective categories,

For the topic dimension seven categories corresponding to
the seven topics (content areas) covered by the PCJTl have been
represented, These categories ares "™mechanics and properties
of matter", "heat", "light" (optics), "electricity", "magnetisn",
*yaves” and "sound", Three categories, namely "reception
leaming", "leaming by doing" and "engaging in higher cognitive
operations” have bean delineated for the activity dimension,

For the motive component the following two sub=-dimensions were
adopted; "social aspects of physics" and "physico-related

careersh,
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The first part of the TPI is the Interest in Physics
Topics (IPI) sub-scale, It cantains a total of 56 items
written to reflect interest in each of the seven catogaries

of the topic dimension, 24 items evenly distributed among the

three sub-dinensions bave been written for the activity
dimensicn, This sub=scale is thQ second part of the IPL and
is called Intereat in Learning Activities (ILA) sub-test, The
third and laat part of the interest inventory is the Interest
in lotives for Studying Physics (DLP) subescale, This is
further sub-divided into two parts: the Interest in Social
Aspects of Physics (ISAP) which has 10 items and the Interest
in Physics-related Careers (IPC) which comprises 15 items,

The itams of the IPI are adapted from those inr the
ingtruments used by Hangsler and by (ardner and Tamir by making
modificaticns which are appropriate to physics and to the local
{lTigerian) setting, Items within each dimension or sub-scale
have been serarately numbered, Table 2 shows the distribution
of the 105 items of the IPI in their separate interest

dimengions or sub-scaless
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Tavle 2: Digtrioution of the IPI Itens
by Interest Dimensiom

Interest Dimensions Iteus
(T1) Interest in ¥echanics and

Properties of ilatter 1,2,3,4,5,35%,36,57,38,39,40
{T2) Interest in Heat 6,7,8,9,10,14,17,42,43,44
{(3) Interest in lLight (Optics) 11,12,13,15,16,22,24,27 ,26%,45,46
{™M) Interest in lectricity 25,26,30,33%,34%,55% ,50,51,55,56
{T5) Interest in iagnetism 31,%2,34%35% ,44,52,57,54
{T6) Interest in .aves 18,19,20,23,47,48
("7} Interest in Sounds 21,284429,49
(i'1) Reception Leaming 1,2,3,4,5,6,7
{1'2) Leaming by Doing 8,9,10,11,12,13,14,15,16,17
(i'3) ingaging in Higher

Cogpitive Operaticns 18,19,20,21,22,23,24

{i11) Interest in Social aspects
of Physicsa 1,2,%,4,5%,6,7,2,9,10
(112) iInterest in Physics-
RQelated Careers 11,12,13,14,15,16,17,18,19,20,
: 21,22,23%,24,25

¥ Ttem based on more tham one topic,
e+2s Lipght and Sound (Item 28),
lectronagnetism (Items 34 and 35)

Students are asked to indicate the level of their interest

in exch item of IPI on a five-roint Likert type scale as followss
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My interest in this item iss

Very high high mod erate low very low
() () () () ()

Sample items are as followss

Zopic Dimengion

Lechanics; "How different types of machine help us to do work
more easily",

Heat: “uxpension and contraction of substances when thoy gain

or lose heat",
Iight: "Fommation of shadows and eclipaes",

Jdectricitys "How electricity is transmittied from the power

houge to the consumers",

Javes: '"Illustrating different properties of waves ugsing the

ripple tank",

Activity Dimension
Recertion leammings "Attending a classroom lecture by a good

physics teacher",
Leart:ing by doings '"Performing an experiment in tho physics lab",

Jdgaging in higher cognitive operationss "Designing an

experiment to test a hypothesis in physics",
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Motive Dimengion
»ocial aspecta of physicar “"Bffect of hydroelectric dams or

power stations om the emviropment",

Physics-related careers: "Geophysiclist working with an oil
company™, ‘
Lile the PCSTE, the IPI was administered to the students before

and lmmediately after the treatment,

3.3.3 The Eilgt §t.ud1

The PCST and the TPI were administered inm g pilot study to
a sample of 48 physics students (41 boys and 7 girls) of the
Collece of Advanced Studies (CAS), Zaria in November, 1969. The

purposes served by the pilot study were to:

{i) detemine the reliability estimates of the instruments;
{(ii) explore the feasibility of the study through a trial run;
(iii) idemntify any problems or difficulties which regspondents
mipht encounter and the probable mistakes they might be
inclined to make in completing the tests;
(iv) detemine the approximate time duration which the subjects
viould need to respend to the tosts properly:;
(v) establish the dominani cognitive styles and physics
intereats of the students 30 as to note the likely

direction in which the freatment could influence these

traits if the treatment was efTective;
{vi) obtain any other logistic hints which mignt facilitate

the success of the main study,
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The reliability data obtained from the pilot atudy
together with data on validity of the instruments are reported
in the next section of thig chapter. The pilot study alao
showod that the CAS physics students (who may be clasgified as
"post=secandary”, "pre-university" or "pre-degree" situdents)
scored bigheat in P and least in Q in the cognitive style test
{PC3T). The actual distribution pattern wag P « R ~4 «Q in the
ratio 1.6 3 1.4 ;3 1.2 ;1.0 showing that the dominant cornitive
styles anong the respondents sere P and R. This is in agresmant
with the pattern obtained earlier by Abah (1988) for differmt
samples of pre-university physics students drawn from the came
A3, Zaria and from SB3/ARU, Zaria,

In the same way it was found that the level of physics
interect of the students was highest in physics topics (T) and
least in motives for leaming physics (U). The actuaal
distritution pattern obtained was Te A'-= il in the ratio
2.3 1 142 ¢ 1.0. 'Thus, assuming that the distribution paltams
are valid, one wmld expect that if the treatment in the main
study is effective in shifting cognitive styles and interests
of the subjects, then cogmitive styles would bs moved from
predominantly P and R to predaninantly A and Q while interests
would be moved from predominantly topic (T) oriented to
predominontly motive (il) oriented.

In summary, the following decisions in respect of the main

study were guided by the results of the pilot study:
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(i) The PCST and IPI were appropriate and reliable for
the purpose of the research studys

(ii) No time limit would be set for subjscts to respond to the
test items,

(iii) ‘he plan to administer the ingtruments during studontst
normal lesson time wag in order tut a double-period
leason was preferrable.

(iv) The verbal instructiams at the beginning of the tests
mnd the general level of language employed in writing
the test items seemed adequate.

{v) Respondents would be reminded (over and again) to emzure
that all items are responded to and their persanal data
information duly supplied, This appeal notwithstonding,
ghepas would be taken to quickly check the instrumentas
as they are turned in by the subjects, The use of
rescarch assistants would, therefore, be necessary.

(vi} The plan to focus the treatuent on moving the studonig?
cognitive styles from R, P to A, 9 was in order.
gpecifically a shift from P to Q (for cognitive styles)

and T to i (for interests) would be targetted,

3.3.4 Validity and Reliability of the Instmmonig

An analysis of the subject matter cantent of the Vest
African lxaminations Coun¢il's 3enior School Certificate and the

Genersl Certificate of -ducation (O-level) physics gyllabuses
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used in lligeria was carried out to ensure that all the infomation
incorporated in the PUST and the IPI fell within the cegpitive
framowork of the studemts participating in the study. This is a
necessary codition to the content validity of the two tests used
in the study.

Por the PCST a total of 88 items covering the sevemn
selected content areas of the senior secondary school physics
course were initially written in such a way that thoy would be
intelligivle to the rospondents, The comments and sugsestions
of a team of five secondary schoocl physics teachers who went
thrcugn the items helpad to improve the face validity of the
teat., The ifteny were then submitted to a panel of tem judges
made u; of three senior lecturers in the Departaamt of Physics,
one professer of chemistry, one computer analyst and statistician
and five science educators two of whom have physica background,
All ten judges lecturs at Atmsdu Bello Univeraity (iw3...}, Zaria
and each has a minimum of a master's degree and not less than
ei_nt years teaching experience in the university, %he chemistry
professor was chosen becanse of his familiarity with and
experience in cogpitive style testing.

In the first sifting of the items about 50 itumg reaching
at leagt 704 agreemant among the judges were selected, 'These
items vere re-written (where necessary) along the lines sugsested
by the judges and then resubmitted to their sermtiny I'rom the

subgoquent kaying of the experts the final pool of 40 items
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distribtuted over the seven major areas of physics were selected
(see Table 1, p.145). Only items reaching at least 80%
agreenant were included in the final instrument,

iace and content validities for the IPL were detormined
in the same manner ag for the PCST, Content validationr was done
by a panel of five experts, three physiciasts snd two oscience
educatcrs with physice background. These five exports -vere
ueadsrs of the sanel of ten that validated the PC3T, rollowing
tie reactions of the judges the ifems on which there wag aib
locst 805 consensus anong the experts were selected fur the
£inal instrument. This resulted in pruning dowm the items of
the L:I from 118 originally written to 105 then retainel in the
firal tost. A minisum of 80% consensus among the panel of
judes was considered adequate to ensare the validity of both
ingtruments,

Loth the PUSGT and the IPIL were adniniztered to a random
sgaple of physics stu.enls of the College of Advanced Jtudies
(C.3), 4aria at the beginning of the 1989/90 academic sScgsion
in a preliminary study. The intemal consistencies (roliability
coefficients) of ths instruments were estinated from tie
responses of the students using the split-half (cdd~even)
neticd and the Spearman-Brown formula, The sums of the scores
on tiie odd and even items of each test were calculated for each
rogpondent, These scores were then correlated using Pearson

product-moment correlaticn. The product moment correlation
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tims o.btained was then adjusted to give the reliability

coefficient using the Spearman-Browmn formulas

- 2rt
—1+r|

where T = reliability coefficient end r' = Pearson product- .

nonant corrclation coefficient obtained {Anatasi, 1976:; 115-116),
Por each instrument the reliability coefficiaent was

calculated for the whole instrument and then separately for each

of the different sub-scales within the test, The reliabiiity

ol the PCOT was estimated at 0,91 while that of the IPI was 0.99,.

Tables 3 and 4 show the reliability estimates obtainoed respectively

ior the cogmitive style and the interest sub-scales,

Table 3: Split~half Reliability zstimates of the
Physics Cognitive Style Test (PCST)

Sub—Scale Se
Comitive Styles *
Recall () 0.848
Principles (P) 0.856
Application (A) _ - 0.862
mestioning (1) 0.856

* Odd=-even correlatims adjusted by Spearman-
Browm formula,
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Table b4z Split-half Reliability Estimates of the Interest
in Physics Inventory (IPI) Sub-Scales.

Interest Dimensions r*
Activity (A') 0.916
Motive (H) 00885

*Odd-~even correlations adjusted by
Spe arman-EBrown formula,

All the reliability coefficients obtained for the main
sczles and the subescales of the two instruments were tested

for significance using the formula

where r = reliability coefficent, n = numbter of subjects (48 in
this case) and the critical vazlue of t is tke critical value of

the student’s t statistic given by

t critical = t (n =« 2, X = 0,05)
(siegel, 19561 212)

For the present case, t critical = t (46, o = 0.05) = 2.021

A1l the reliability estimates were found to be statistically
significant at 0,05 level of significance and were, therefore,

considered suitable and satisfactory for the present study,
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34 bj2cts for the d

The subjects for the study were all the 360 pre-decroe |
students (277 nales and 83 famales) of the Federal University
of Technology (FUT), Hinna aged between 16 and 27 y2ars and
admitted for the 1990/91 academic session, The wniversity
offers one year pre-degree courses in physics, chemistry,
biology, mathematics and fagzlish language to students /o have
completed their 33C or GCB O~level courses and wish to toke
degree courses in the university. The purnose of the courses

is to solidify the foundaticns of the students in .hglish
language, mathematics and the scienéés and 80 prepare taom more
adequately for the rigorous tecmology-based courses in the
univeraity.

The decision to use the post-secondary cadre of students
was important for the present study. The itema of both the
PCUT and the IPI were written on tovics selected from goven out
of eight major content areas of the relevant physics curriculum,
Only the area of "nuclear and atomic physics™ was left out.
Accordingly, subjects for the study would necessarily be those
students who have completed (or almost completed) their School
Certificate or GCZ O-level coursea. Attespts by the regearcher
to use suitable institutions in Zaria (whers the researcher was
doing his course) for the study were aborted by institutional and
logistic provlemsa, 1In the endyafter all due considerations, fha

iUT, Uinng was chosen as the most convenient and feasible
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altemative., The reséarcher lives and woﬂcs in Minna and is
quite cloge and familiar with the staff and facilities at the
physics departaent of the university.

The pre-degree physics course in FT, linng in only slightly
more advanced than the O=level physics course which the students
nave just completed in the secondary sciiool. The simpleat
agpects of the O-level comtent are sxcluded while a few slichtly
nore advanced topics are added. At the end of the one s ear pre-
degree nrogramme students take an internally moderated
exemiration, Successful students proceed to the iichool of
Foundation Studiesg where they spend two years (100 and 200 levels)
doing advanced courses in physics, chemistry, biolory,
ceopraphy, geology end mathematies, At the end of tihe
foundaticna course successful atudents move to their veriocus
preferred areas of specialization which are now biased towards
specific teclmologies. Pre-degree physics students in each
year usually number between 120 and 150, In the previous
(19€9/90) academic year a total of 140 students went through tle
PIrograme,

However, owing to some political reasons, the university
at the beginning of the 1990/91 academic session suddenly decided
to change its admission policy in respect of the pro-dezree
prozranme. The new policy was in favour of admitting "“as many

qualified students as possible" into the programe, Ao a result
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a total of about 360 students (277 males and 83 females) were
eventually admitted for the course in the 1990/91 school yoar,
Even one month after the university opemned on 17th November,
1990 many new students were still registering for the progranme,
Tne university c¢loped on 18th December, 19390 for a three week
Chrigtmas break and cpened again on January 7th, 199, It was
only after then that the pre-degree sindents could be properly
orgmiced for meaningful academic work, The effects which tho
unexpected change in pre-degree admission policy had on the
éresent study have beem acknowledged and cutlined under
"limitations to the study",

The subjects were randomly divided into four .g-;roups; two
expcrimemtal end two conttrol groaps. To do this the loboratory
tecnician who handled the registration of the pre-degrce
stndents was instructed to allocate the etudents randonmly fo
four groups A,3,C,0 as they registered, He was given foud
sheets of paper (one sheet for each group) for putting down the
names of the students in specific graups as theoy registered, The
tecimician was clearly told to assign stuients randomly and
gimultaneously as the students tumed up for registration., Forxr
example, if eight students turmed up for registration at the
aane time, two students should at once be randomly assigmed to
gach of the four groups. One experimental and one control
group were pretosted while 211 four groups were given the
postteat after the treatment periocd, Table 5 showa tho
distribution by gender by group of the 326 stuldents who fully

participated in the study to the end.
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Table 5; Distributi.m of Subjects by
Gender by Group
(N = 326)

G No. of Subjects
TOUPS — —_— .
iale Fanale Totals

Control {C1) 65 15 80 .
Control {C2) 67 it 8
Sxperimental (1) 63 19 82
Sxperimmntal (E2) 62 24 86

Totals 257 69 326

3.5 The Procedure

The Federal University of Tecmology (iUT), iiinna whoge
pre-degree students were used for the study opened on J
17 November, 1990 for the 1990/91 academic sossion, Pre-degree
students were randonly assigned to four groups as they registered
in the physics depariment, The first four wedks of the samester
were mainly spent on registration, oriemtation and genseral
organisation of the new students, The resecarcher used this period

to moet with the students and got fhem properly orgsnised for

the work ahead,
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Lectures started in eamest immediately the university
resuned on 7th January, 1991 after a three week Christmas
vacation, The pretest was administered during the third week
of January, 1991 (14=19 January) to the Experimental Group B1
(1 = 90) and the Control Group C1 (N = 88). The cognitive
styles of the subjects were measured by means of the PCIT while
the IPI was used to identify their interest orientationa, For
the FulT the graded rating procedure was employed whereby
res.ondents ranked the response options allotting 4 points to
Liemost preferred, 3 points to the next, 2 points to the next
and 1 point to the least preferred., Thus for each cognitive style
mode the highest possible score is 160 and the lowest is 40. A full
response to all the items yields a total score of 400,

For the IPI subjects were asked to rate their intercsts in
cach item on a five-point Likert type of scale. 5 points were
aserded to the highest poiut on the scale correspording to
" ry high" interest level while 1 point was allotted to the
lovest point on the scale corresponding to "very low" level of
interest, The mid-point of the scale ("moderate" or "average"
interest level) received 3 points,

Students were given sufficient time to respond to all the
itens, In other words no time limit was set for subjects to
resvond to both tests, The tests were administered during

stulents' nomal lesson periods, In the personal data section
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of the instruments, students were required to write their
nanes and groups to facilitate the matching of their pretest
and posttest responses,

During the administration of the instruments the researcher
personally distributed the test materials with the help of some
research assistants, Subjects were allowed to read through the
instructions on how to respond to the test itema, The
instmuctinms were then further explained verbally to the studemnts,
They were allowed to ask questions for further clarifications.
The research agssistants also helped to check each test material
as they were turmed in by the students after completion, This
neasure greatly helped to ensure that each student correctly
resronded to all the items in a test and supplied all the
versonal data information required,

After the pretest the students were taught for 8 weeks
(January 21 - llarch 16), each group having lessons for three
hours every week, All groups were taught by the researcher
hinself, The experimental groups were taught by the teacher-
directed discussion method of instruction (the experimental
treatment) while for the control groups instruction was
exsository using the lecture method, Owing to the large
number of students involved, the two experimental roups o1, 22
were taug‘:ht separately, This made it possible for the students

to be organised into manageable smaller groups for learming
activitics, TEach experimental group was divided into elevon

such smaller working groups of 8 students each. All lesson
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activities were carried out by the atudents in thésa amall

groups. The two contrel groups C1, C2 received all their legsans
{none of which was activity-based) jointly, Both tis experimental
and the control groups had ingtruction on the same topice in
physics. At the end of the treatment period all groups were

iiven the posttest.

3.6 The jxperimental Tregiment

In this study the experimental groups were tausnt by the
teacher-directed discussion method of instruction wiich was the
experimental treatuwent while the cantrol groups were taunght by
tie traditional lecture approach, All leasons were tau ht on
eloctricity during the eight wecks. The topies coverod were:
olectric current; electric potential and petential difference;
Olm's law; resistances in serics and parallel; tyoes of
resistors; measurement of resistance; resistivity; measuremont
of potential difference; electric cells; electric light, work,
energy and power; electrelysis, The topics were part of the
stuients nomal physics course for the semeater,

The teacher=directed discussion method of teaching is an
instructional mode in which the students interact actively and
vorbally with each other and with the teacher in the consideration

of a problem or topic under study. The teacher »lays & puiding
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end moderating role, posing the problem or topic to be discussed,
initiating the interaction and tactfully steering the discussion
towards the attainment of the objectives of the lesson, The
learners on their part carefully consider the topic, react to

it, argue with omme another, suggest solutions, evaluate
altematives and draw conclusions or generalizations, Tilus the
students became creators rather than passive recipients of

idcas (Browm et al, 1982).
A typical discussion legson was in three parts:

1o A brief discussion as a preamble or introduclion to the
lesson topic, a leaming activity or an experimont,
24 ?he leaming activity or experiment through which
learners would be guided to the knowladge content to be_
acquired in the lesson,
3, A more olaborate discussion aimed at achieving thio following:
(i} to articulate the main knowled e contan¥ liammi ‘
in the lesson (or several lessons);
(ii) to outline the practical applications of tne
knowledge gained in everyday life and tho possible
weaknesses, limitations or criticismg of the

¥nowledge acquired in the lesson(s).

Depending on the type of topic being treated (and othor factors
tint night have prevailed)} one of the parts listod above was

skipped in any one lesson whers necessary. For exawle, wners
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a topic did not lond itself to any meaningful learning activity
or expcriment, the knowledge content was learnt through
questioning and discussion only,

The third part of the lesson stated above is by far the
nost gemane to and the major focus of the experimamtal treatment
in the present study, It would seem reasonable to ar;ue that
by presenting and explaining knowledge items in physica during
a physics lesson, the recall (R) and principles (P} cognitive
styles have been considerably taken care of, i,e, in terms of
mirturing or attampting to nurture these styles throush teaching,
Thig is because the knowledge items embody the terms, concopts,
s:.cilic facts, orinciples, laws, generalizations and theories
which huve the potential to influence recallers ani thoge
(students) who prefer principles in the usual nann-r but perhaps
not appliers or critical questioners, Thus it segis that in so
far as every method of science teaching aims to and actually
does present scientific imowledge to the leamers then evary
uetiod could be said to be 'prima facie' favourably disposed to
the nurture of R and P cognitive styles,

On the contrary not every method (or every teaclhier)
deliberately emphasises practical applications or critical
quostioning of scientific knowledge presented in a lesson, It
is reasoned that science learners cannot easily become "appliers®
or "critical juestioners™ of scienfic knowled;e unless they are
taught or trained to be so through consciously and deliberately

emphasising these cognitive processes in the course of instruction,
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The present atﬁdy emphasis;éd practical application and
critical questioning of physics knowledge through the use of
the teacher-directed discussion mode of teaching. The purpose
was to explore the possibility of shifting studenta! cogmitive
styles from predominemtly R and P to A and Q and their intexest
orientations from topics (T) to activities (A') and motives (li).
It is presumed that since this mode of instruction is inquiry
oriented, employs the questioning tecmiqus and deliberately
lays stress on gpplication and critical questioning of infomation,
it should have the potantial to move learmersg! GO{;;ﬂIitiVB atyles
from ®R,FP to A,q and their physics interesta fram a topic=based
orimtation to one that ias directed more towards physics
leaming activities and motivations for studying physics,

For the experimental group each lesson as much as possible
began with a brief discussion followed by a leaming activity
or experimat and then ended with another discussion, At the
end of a unit of instmction a gensral discussion was neld to
recapitulate the major knowledge items leamt and the practical
uses or critical questions discussed in relation to tham, A
typical teacher-directed discussion lesson an "#Hlectric Currmt

and Fotential Difference” is outlined below:
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VL CTRIC QURRAT AND POT.NTI

Stage Iz Introductory Clasa Digcussion
The teacher put on the electric lights and a ceiling
fan in the classroom, drew the attention of the studets to

thom and posed the following questions to the students:

1. #hat produces the light in the bulbs?

2. hat makes tae fan blades move?

Stulents were picked to give answers to the questions,
Jswers were briefly discussed as a propriate when thgy .ore
supplied, Correct or near correct responses or responses
7Thozse furtier discussion would lead to a better understanding
of tie lesson and facilitate the attainment of the lesson
objectives were put dcmn on the blackboard by the teacher,

The following responsas were written on the blackboard:

(i) electric emeryy (v) curremnt
(ii) 1light energy {(vi) electric charges
(iii) electricity (vii) electric current
(iv) mechanical energy (viii) electricity is doing work

The suitability of each of these responses writien on the
chalkboard as answers to the two questions above was tham
discussed by the cluss, At the end of the discussim, it was
azroed that although each of the responses had an elment of
correctness in it, the simplest, most direct and mest

approprinte answers veres
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(ii)
(iii)

(iv)
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electricity
alectriec current
glectric energy

elactric charges

Students were then broken up into their working groups for

the next stage of the lessm,

1s

- Stadents were asked to discuas in their respective groups

he differences between eleciricity, electric current,
eleciric aergy and electric charges. Thege werg the
tems accepted as correct answers to the two questions
posed at the introductory stage of the lesson (see Stage I).
The uiding guestions to which students were to =mupnly
answvers weres |
(a) Are these terms synonymous? Do they all noan the

gane thing?
{b) /hat are the similarities between them? Or vhat

do they all have in common?

{c) ‘mat are the differences between them?

Students were required to briefly write down the answors

to each of the questions as they arrived at them (ihe answers)

in th

viole

eir group discussions. The answors were read out Yo the

class by each group leader when the class reconvened,
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2e Bach group then performed the underligsted activities or
exporiments using the three sets of apparatus provided.
Students were to note their observations and anawer the

ahort questions at the end of the activities,

Apparé.msz
(i) 2 dry cells {one good the other dead) labelled
A and B, switch, electric lamp (1.5V), coanecting
wires. |
(ii) A strip of plastic, piece of woollen cloth, toilet
paper. |

{iii) oDrawing board, aipty milk tin, amall bezker of water,

Activity 1: Connect cell A to the lamp as shown in ths
circuit diagram, Close the switch md note
what hajspens, QRepeat the experiment itk Cell B
and note what hagpens,
Wiy did the lamp light with cell A mut not with

call B?

Activity 23 Rub the plastic strip with the dry woollen cloth,
Then hold the plastic strip near some dry tiny
piaeces of tollet paper., HWote and explain your
observation,

Rub your hand over the plastic and hold it once
more near some tiny pieces of dry toilel paper,

3tate and explain what happens,
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Activity 3: Place the drawing board flat on the bench, Pour
a little water on the board and note what happens,
#ipe off the water from the board and support one
edge of it on the empty milk tin to form an
inclined plane, Pour small water at the top of
the board and note what havpens,

Now pour little water at about the middle of the
board and note what happens.
(1) Jhy did the water remain stationary in the
first case?
(ii) my did the water run down the board in
the second and third cases?
(iii) /my did the water not move up the board in
the second and third cases?
(iv) 2xplain why heat may flow fram a body C

to another body D,

The teacher went round the groups during the activities and

discussions to supervise the students and offer help where

necessary.

The class reconvened after the activities, Jach group
leader read out the findings or answers of his/her sroup which

were then discussed by the class. The acceptable ansvwers
were written on the board and formed the summary of the lesson

and notes for the day,
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The teacher cleaned the chalkboard é:nd evaluated the
class by asking questions to test students* undersisnding of
tho lesson. N | o

For the control class the teacher caﬁe in and wrote the
topic of the lesson on the chalkboard, He then introduced the
lesson by putting on the electric lights and a ceiling fan in
the claasroom and then posed the usual introductory questions

the atudenta. After e few attempts by students to angwer

the quegtions, the teacher supplied the answers and - |
explanaticns to the class, putting the main points on the board,

Using the same sets of apparatus as for the experimuntal
graup, the teacher briefly demonstrated each activity or
experiment before the stadents, askoed for explanations of the
observationg and then offored the answers and explanations to
the clasas after some attempis by the students, | |

e teacher wrote doun the main roints on the boa:t-'d a3
he supplied them ta the cless, These poinis constituted the
summary of the lesaan and the notea for the day. |

At the end of the lesson the teacher cleaned the
chalkboard end evaluated the students by asking the same type
of questions that were used for the experimental group to test
students' understanding of the lesson,

The lessons lasted eight weeks between Jamiary and March,
1991. At the end of the eight weeka period tre posttest was

adninisterd to all the students in both the experimemtal and

control gToupa,



173

The PCST contains 40 items each of which has four responses
related to an introductory statement or diagram called the stem.
Bach stem and each of its corresponding four options contains
correct scientific information. Students were asked to indicate
their preference of the options in each item by alloting &
marks to the most preferred, 3 marks to the next, then 2 marks
to the next and 1 mark to the least preferred option. The
respones, therefore, yielded ipsative data since all the
responses to the four options in an item contribute to a

student's overall cognitive style profile,

The IPI comprises 105 items and in each item a respondent
is asked to indicate the level of his/her physics interest on
a five-point scale of the Likert type by putting a tick in the box
corre sponding to his/her level of interest, Students' responses
were scored by awarding 5 points to the "very high". & points to
the "high", 3 points to the "moderate" or "average", 2 points to the
"Mow" and 1 point to the '"very low" level. The responses also
yielded ipsative data sihce "each score reflects the individual's
strengths and weaknesses without showing how strong or how weak
he/she is in relation to another person" (Hills, 1982:181).

The analyses of data were done with the computer services
of the Institute of Agricultural Research (IAR), Ahmadu Bello
University, Zaria. Cognitive style and interest as me asured
in the present study by the PCST and the IPI are examples of

rank-order variables or ordinal scale variables. The data are,
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therefore, ordinal data apart from being ipsative in nature
and hence lacking normal distribution. Siegel (1956: 26, 29)
stated that "parametric statistical teats, which use means and
standard deviations (i.e, which require the operations of
aritmetic on the original scores), ought not to be used with
data in an ordinal scale"™ and that "data measured by either
nominal or ordinal scales should be analysed by the non-
paranmetric methods”, The nonparametric gstatistica were,
therefore, used to-aualyae the data of the present study, in
alpha level of 0,05 was set to test the seven null hypotheses

of the study, namely:

Hypothesis 1
1(a) There is no significent difference in the cognitive

styles of the four groups of physics students in the experimental
design uping Heath's [1964) four-mode dimensian [Recall,

Principles, Application and Questimnning) of cognitive style,

1(b) There is no significant difference in the physics interests
of the four groups of students in the experimental design using
the three-dimensional model (Topic, Activity and Motive) of
interest proposed by Gardner (1988) and recently employed by

Haugsler (1987) and Gardner and Tamir (1989).

Lypothesis 2
2(a) 'There are no significant differences in cognitive styles

between male and female students who participated in the study,
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2(b) There are no significant differences in physics interests

between male end female students who participated in the study.

Hypothesis 3
3(a) There are no significant differences in cognitive atyles

between students of different ages who participated in the

B‘bldyo

3(b) There are no significant differences in physics interests

botween students of different ages who participated in the study.

Iypoth
4(a) ©Students in the four groaups of the experimental design who
aspire to different careers in science and teclnology do rot

exhibit significantly different cognitive styles,

4(b) Students in the four groups of the experimental design who
aspire to different careers in science and teclmology do not

exhibit significantly different physics interesta,

Lypothesis 2

There is no significant relationship between studemts’
plysics cognitive styles as measured by the PCST and their

plysics interests as measured by the IPI.

Hypothesis 6
The teacher-directed discussion method of teaching (the

experimental treatment) has no significant effect on the

cognitive style distribution of the subjects,
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Iypothesis 7

The teacher-directed discussion metihod of teaciing (the
experimental treatment) has no significant effect on the

intercst profiles of the subjects.

Hypotheses 1 and 2 were tested by means of the Mann-Whitney
U test, The llann-Whitney U test was used b:cuse it is one of
the most rowerful of the nonparametric tests and spcecifically
it ioc the nost suitable ncnrarsmetric equivalent of the
nerametric t=test that would have been otheorwise employed
(iezel, 19563 116; Roscoe, 1969; Twaite and llonroe, 1979:
408-409).

The general pattems (order) of the distribution of the
cognitive style nrofiles and interest orientations were obtained
fron contingency tables for the means and standard deviations
of the cosnitive style and interest scores,

liypotheses 3 and 4 were tested by means of the Kruskal-
Jallis cne-way analysis of variance (AIOVA) by ranks (the
Kmskal-./allis H test). The Kruskal-iallis test is the most
suitable non-parametric equivalent of the parsmetric analysis
of varisnce, the F=test. The test is used for comparing toree
or nore indepvendent groups on a rank-order or ordinal variable,
It nay also be used with interval data (numerical scores) which
are suspected or knovm not to meet all the assumptions required

to use the standard parametric MIWA or P-test,
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The Kruskal-Wallis test assumes that the variable under
study has an underlying continuous distribution, a conditim
satisfied by the data of the present study. According to
Siegel (1956: 192-193) the test has an asymptotic power -
efficiency of 3/pi = 95.5 per cent when compared with the
most powerful parametric equivalent test, the F-test.

liypothesis 5 was tested by means of the Pearson product-—
noment correlation coefficiemt, rho (r) or the Pearson r,

The Pearson r was selected for this particular analysis
bacause the nonparametric correlation coefficients, the
Jpearman rank correlation coefficient, rho (rs) or the Kendall
rank correlation coefficient, tau (7)) which would have been
aployed are only suitable for the analysis of data fram a
sanple whose size is less than 30 (NK30). The sample size
in the present case is 162 (N = 162).

There seemed to be no better altemative than to fall back
on the parametric Pearsm product-moment correlation coefficient
for the analysis of the data of hypothesis 5. In any case,
Roscoe {1969) stated that theoretical arguments advanced by
nathematical statisticians and empirical evidence gathered by
nany other statisticians have led to conclusions wiich "suggest
that the distinction between ordinal and interval data is not a
particularly relevant one with respect to selecting a method of
statistical analysis”. Indeed many researchers have employed

parametric statistics to analyse ordinal data (Tamir and
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Lunetta, 1978; Tamir, 1981, 1985; Ckebukola and Jegede, 198
and Gardner and Tamir, 1989). ‘

Roscoe (1969:24) further explained as follows:
"levertheless, there are circumstances in which the use of the
conaon arithmetic operations with ordinal data will obvioualy
distort the meaning that the investigator attaches %o his data.
Under these circumstances he must resort to the use of the
nonparametric statistics”, The circumstance of the preset
analysis is not the t;,rpe'referred to here by loscoe. The
Pearson r was, therefore, deemed appropriate by the rescarcher
and was euployed for this particular analysis,

lypotheses 6 and 7 were both tested by means of the
Hann-Thitney U teat for the comparison of two independent
groups on rank-order or ordinal data. Paired compariscns of
the posttest and pretest cognitive style and interest scores
for the experimental groups (E1, E2) and the control groups
(C1, ) of students were made by means of the nonparametric
statistic, The paired comparisms were used for assessing the
effects of both the treatwent and the pretest on cognitive
styles and physics interests of the students,

Compared with the most powerful parametric equivalent
test, the t-test, the Mann-Whitney U test has a power-
efficiency which approaches 3/pi = 95.5 per cent as N increases,
ven for moderate-sized samples, the U test has a power-

efficiency waich is close to 95 per cent (Siegel, 1956;126),



Chap ter 4

REULTS, ANALYSES AND DISCUSSIONS

4.1 Introduction

In this chapter the statistical analyses of the pretest
and posttest data collected by means of the Physics Cognitive
Style Test (PCST) and the Interest in Physics Inventory (IPI)
are presented. The procedure for testing the hypotheses of
tie study using the analysed data is outlined. Zach set of
analysed data is presented together with the particular
hypothesis which it is used to test. The chapter then ends
with a discussion of the results and main findings of the

atudy.

4,2 Results and s

Data on cognitive styles of the subjects were collectled
by means of the PCST while interest data were obtained by means
of the IFI. Students were randomly assigned to four differat

gro:ps used in the study (the Solomon 4-way design) as already

179
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described in the previous chapter, The first hypotheses

(1(a) and (b)) were intended to establish the equivalence of
the faur groups before the experiment with respect to their
cognitive style profiles and the orientations of their physics
interests and to identify the patterns of distribution of the

cognitive styles and physics interests,

Iypotheais 1(a)

There is no significant difference in the cognitive styles
of the four groups of physics students in the experimental
design, using Heath's (1964) four-mode dimension (Recall,
Principles, Application and Questioning) of cognitive style.

To test this hypothesis, the mean ratings per cognitive
style (R,P,A,Q) were obtained for the experimental group (1)
apd the control group (C1) who tock the pretsst using the
40-item FCST., Table 6 shows the means and standard deviations
of the cognitive style ratings for the two groups, 21 (Il = 82)

and C1 (N = £0).
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Table 6: Means and Standard Deviations of
Cognitive Styles Scores of Students
in the Experimental and Control
Groups on the Pretest (N = 162)

Groups N

Mean S.d, Mean 5.4d. Mean 3.4 ilean 5.4,

g1 Pre 82 104.60 11.80 110,30 10.10 99,22 9,63 &85.70 11.>

Totals 162 210,00 223,50 196,42 169,70

Pattern; P = R = A - Q

Ratio: 1.32 : 1.24 : 1.16 : 1.00

The information in Table 6 shows that the subjects scored
highest in P and least in Q using the PCST. The full distribution
pattem was P _ Rw A« Q in the ratio 1.32 3 1.24 3 1.16 & 1.00
for groups 21 and C1 combined., The pattern was the same (with
comparable ratios) when the groups were considered scverally.

The ratio was 1.29 s 1.22 : 1.16 3 1.00 for E1 alone and 1.35:
1.25 3 1,16 : 1,00 for C1 cmsidered separately.

The results confirmed the general order of cognitive style
distribution obtained in the pilot study for a similar sample
of physics students, They are also in agreement with the
cognitive style distribution patterms obtained by Abah (1968)
for different samples of secondary, pre-degrce and undergraduate

physics students,
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The distribution pattems portrayed in Table 6 suggest
equivalence of the groups of students at the start of the
experiment, To canfirm this the data of Table 6 were further
analysed for any evidence of significant difference between the
group means using the Mann-Whitney U test. The results of the

analysis are presented in Table 7.

Table 7: Wann-Whitney U Test for Differences in
the Cognitive Style Mean Rankg of
Students in the Experimental and Control
Groups (Pretest) (N = 162)

— — —

Cognitive Styles

N R P A 9
El Pre 82 105,00 109,50 98,50 86,50
C1 Pre 80 106,00 113.00 96,00 £3.50
U 6611.5 7077.5 6081,0 6134.5
& 1,000 3,000  -3,000 34000
P 0.761 0,062 0,142 0.197

The results show that none of the Z values obtained for all
cases of comparison was significant at P£ 0.05. This means that
there was no significant difference in the cognitive styles of
the physics students in the experimental and control groups using
Hecth*s (1964) 4-mode model of cognitive style, Therefore,
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hypothesis 1{a) could not be rejected at the 0.05 level of signifi-
cance. (roup equivalence in cognitive styles at the start of

the experiment was canfimed,

Iypothesis 1(b)

There is no significant difference in the physics interests
of the four graups of students in the experimental design using
the three-dinenasional model (Topic, Activity and Motive) of
interest proposed by Gardner (1985) and recenily employed by
Haussler (1987) and Gardner and Tamir (1989).

To test this hypothesis, the mean scores per interest mode,
nanely Topic (T), Activity (A') and Motive (M) were computed for
the experimental grwp (E1) and the Control group (C1) on the
pretest using the 105-item IPI, Table 8 shows the means and

stondard deivations of the interest ratings for the two graups.

Table 8; Means and Standard Deviations of Imterest
Scores of Students in the Experimental and
Control Groups on the Prest
(N = 162)

T A* u

Gm.l.ps H Mean Se d. Mean a-d. Mean Sodl

E1 Pre 82 210,8 25.2 95.8 13.2 91.9 15.4
c‘ Pre 80 210.8 30.3 9604 13!2 9208 ‘6.8

Totals 421.6 192.2 134.7

Pattem: T- A' - U

Ratio: 2.28 3 1,04 : 1.00
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Table 8 shows that the students registered their highest
interest scores in the topic (T) dimension and their least
intercst scores in the motive (i) dimension using the Interest
in Fhysics Inventory (IPI). The actual distribution pattern was
T o« A' - M in the ratic 2.28 ; 1.04 ; 1.00, As in the case
of ccgnitive style scores, the pattern of interest scores was the
see (with identical ratios) when the groups 3§ and C1 were
considered separately. The ratio wes 2.29 3 1.04 ;3 1,00 for
21 only and 2.27 ¢ 1.04 ¢ 1,00 for C1 alone,

The results again confirmed the pattem of the distribution
of interest orientations obtained for a similar set of plysicas
students in the pilot study. Group equivalence with respect to
pliysics interestas at the beginning of the experiment is also
indicated by the data of Table 8,

To confirm group equivalence in interest orientations the
data were further subjected to the Mam-Whitney U test for
significant differences between the group means, The results

of the analysis are presented in Table 9,
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Table 9: Mann-Yhitney U Test for Differences in the
Interest Mean Ranks of Students in the
Sxperimental and Control Groups on the
Pretest (N = 162)

Interest dodes

N T A' M
E1 Pre 82 211.50 97.00 94.00
C1 Pre 80 213.50 96,50 95.00
U 6617.5 6535.0 66%0.,0
Z 2,000 0,001 1.000
P 0.745 0.961 0.714

The information in Table 9 shows that no significent 2
value wes obtained for the scores in all the three dimensions
of interest. This implies that there was no significent
difference in the interest scores of the students in the
experinental and control groups using Gardner =nd Temir's (1989)
threo-dimensional model of interest. Hence hypothesis 1(b) was
supported at the 0.05 level of dgnificance, Group equivalence
with respect to physics interests of students at the start of

the experiment was similarly confirmmed.

Lypothegis 2(a)

There are no significant differences in cognitive styles

betveen male and female students who participated in the study.
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This hypothesis was tested by comparing the mean ranks
of nale and female students on R,P,A and Q as measured by the
PC3T. Only students in the experimental group E1 and the
Control grap C1 (N = 162) who took the pretest were involved in
the analysis. The means and standard deviatims of the scores
are presented in Table 10 while Table 11 shows the comparison
of the mean ranks for significant differences by means of the

lann-/hitney U test,

Table 10; Means and Standard Deviations of Cognitive
Style Scores of llale and Female Students
in the Experimental and Control Groups
(Pretest) (N = 162)

Gender N dean s.d, Mean s.d, llean g.d., Mean s.d,

lale 128 104,50 12.90 111.40 11.50 98,70 11.90 85,20 12.80
Female J% 106.76 9.88 112.85 9.45 96.40 10.80 83.60 10.50

Total 162

Distribution Pattern (Male and Female); P = R = A = )
Distribution Ratio (Male): 51 %
Distribution Ratio (Female): 1.35 : 1.28 : 1.15

Table 10 shows that Principles (P) is the most dominant

cognitive style followed by Recall (R) among both male and fenale
physics studmts wnile Questioning (Q) is the least dominant

cognitive style among both sexes, The pattem of distribution
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is the same for both male and female students and is the same as
was ovtained earlier for the gemerality of the students, namely

Pew Re Ao Q+ The distribution ratios are also similar for

both genders: 1.31: 1.23; 1.16 3 1.00 for males and 1,35 ¢ 1,28 3

1.153 1.00 for females.
The results in Table 10 also reveal that females scored
higher than males in P and R while male students scored higher

in A and Q than female studants,

Table 11:; Mann-Vhitney U Test for Differences in
the Cognitive Style Mean Ranks of lMale
and Female Stuients in the Experimental
and Control Groups (Pretest) (N = 162)

Cognitive 3Styles

N R P A 2
Male 128 104,50 111,00 98.00 85.00
Fenale 24 107.50 113,00 96,00 81.00
U 10215.5 10196,5 10625,5 10591.0
Z -2,000 -2,000 2.000 2,000
r 0.374 0.334 0.430 0.515

The comparison of the mean panks of male and female
students in Table 11 shows no significant difference between
any of the pairs of scores, This means that there are no gender
differences in cognitive style among the subjects in the

experimental design. It also means that the higher mean scores
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of famale students in P and R ( or their lower mean scores in A
and Q) which were pointed out in Table 10 were not statistically
significant, Therefore, hypothesis 2(a) could not be rejected
at the 0,05 lsﬁel of significance. It was concluded that nale
and female students who participated in the study did rot
differ significantly in their scores on all the four modes of

cognitive style R,P,A and Q.

IFmothesis 2(b)

There are no significant differences in physics intercsts
botwem male and female students who participated in the study,
In testing this hypothesis the mean scores of male and
fanale students in each of the three modes of interest T, A' and

i ao measured by the IPI were compared, The pretest scorcs
alone of the experimental and control groaups (N = 162) were
analysed, The means and standard deviations of the scores are
presented in Table 12,

Table 12: MKeans and Standard Deviations of Intercct

Scores of llale and Female Students in the
Experimental and Control Groups (Pretest

(N = 162)
7 A' u
Gender N MNeap _ s.d, Lean S.d Log Sed
uale 128 214.1 26,6 97.2 13.1 94,8 14.9

Female 34 198.5 28-9 9109 12.8 82.7 1704
Total 162

Distribution Pattern (lale and Female): T -
Distribution Ratio (llales only)s 2,26
Distribution Ratio (Females only): 2
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The data in Table 12 show that both male and female
students had their highest interest scores in the topic
dimension and their least scores in the motive dimension of
interest. The pattem of distributim of the intercst was the
same for both male and female students, namely T = A" = U
in the ratios 2,26 ¢ 1.03 ¢ 1.00 for male students and 2,40°
fo11 3 1,00 for female students,

Table 12 also shows that male respondents scored casistently
highcr than their female counterparts on all three modes of
(phyeics) interest. The proportion of females who had the
pretest was approximately one-fifth (21 percent) - a further
indication of the fact that females are less interested in
physics than males, To test for significant differences in these
scores the data were further analysed using the Mann-Thitngy U test.

Table 13 gives the results of the Nann-‘hitney analysis,

Table 13: Mann-Jhitney U Test for Differences in the
Interest Mean Ranks of Male and Female
Students in the Experimental and Control
Groups (Pretest) (N = 162)

Interest lodes

N T A i

Kale 128 214.00 98,50 96.00
Female 34 201.00 93.00 85.00
i 11107.5 10962.0  11249.0
Z 14 5945 6.0009 11.0017
P 0,0055% 0,0294* 0.0002%

* 2 gignificant at p 50,05
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The Z2 values obtained in all comparisons of the scores of
male and feoale students presented in Table 13 were significant
at the 0,05 level of significance, This means that there was a
significant difference at the 0,05 level of significance in the
scores of male and female students on all three modes (Topic,
Activity and Wotive) of interest in physics. Therefora,
hypothesis 2(b) was rejected. It was concluded that there is a
significant difference in the physics interests of male and
faaale students who participated in the study., The data showed
convincingly that males had greater interests than females in

all tie three modes of physics interest explored,

Lrpothesis 3(a)

There are no significant differences in cognitive styles
between students of different ages who participated in the study,

This hypothesis was tested by comparing the mcan scores of
students of different ages on Recall, Principles, Application
ad Questioning as measured by the PC3T. Only students in the
experimantal group (E1) and the Control group (C1) who took the
pretest (N = 162) were involved in the analysis. The ages of
all the 326 students who participated in the study ranged
between 16 and 27 years, Table 14 shows the mcans and standard
deviations of the cognitive style ratings for the different

(ungrouped) ages.
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Table 14: Means and Standard Deviations of Cognitive
Style Scores of Students of Different Ages
in the Experimental and Control Groups
(Pretest) (N = 162)
P
_Ages N liean s.d. Mean s,d., lean s.d, Hlean s.d,
16 3 110,00 8,00 110,00 8,00 98,00 9,00 82,00 9.54
17 1 140,00 0,00 75.00 0,00 107.00 0,00 78,00 0,00
18 17 101.12 13.76 111.88 12,20 99.18 13,72 85,82 12.89
19 39 107.33 13.41 113.23 8.84 96,92 11,75 82.41 11.11
20 39 105.49 11,50 110,38 11.19 99.97 12,22 &4.,77 12.86
21 31 103.90 9.21 110,84 8,59 97.94 10,06 86,61 7.35
22 13 104,77 13.15 114.00 13.40 95,54 12,77 86.15 15.44
23 6 109.17 5.67 109.00 10,99 102.83 4,75 78.17 10.78
24 5 93.40 16.12 113,00 14,46 96,60 16,85 97.20 17.79
25 5 102,20 13,95 109,00 13,93 97.80 12.13 91.20 24.91
26 2 106,00 14.14 131.00 16,97 85.00 9,90 78,00 11,31
27 1 95.00 0,00 128,00 0,00 105,00 0,00 74,00 0,00
Total 162
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An exemination of the mean scores in Table 14 compels the

following observationss

(1)

(31)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

Host of the students in the experimental and cantrol groups
who toock the pretest (85.8 percent) were in the age range
of 18-22 years at the time of the study.

The highest and lowest mean scores on all four cognitive
style modes were cbtained by students in the age cadres
with small samples (few students), namely age cadres of
16, 17, 24, 25, 26 and 27 years,

The single 17-year old student had the highest scores in
R and A, the least score in P and the second least

score in Q.

The lone 27-year old student (the oldest student in the
entire sample) obtained the least score in @, the

second least score in R and the secand highest scores

in P and A,

The highest P-score and the least A~score were both

made by the two students in the 26-ycar age class,
Students in the 24-year age class scored highest in

Q and least in R,

Jith the exception of anly the {7-year and the 24-year
groups, all other age groaups scored highest in P and
least in Q.

The general order or patfern of distribution of cognitive
styles P = R = A = Q is common to all age cadres except

the 17-, 24~ and 27-year groups,
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The Kruskal-Yallis one-way analysis of variance (the
Krugltal-Wallis H test) was employed to test for age
differences in the cognitive styles of the subjects. To
do this the ages were grouped to avoid having small samples
in the distribution which would have rendered the Krugkal-
@7allis H test unsuitable for the analysis. Accoxrding to
7iner (1971:649) the Kruskal-7allis test in which the H
statistic is epproximated to chi square is valid only for
sanple sizes greater than 5 (N> 5).

Grouping the individual ages in threes was the least
posaible combination of the ages which ensured the complete
elimination of small samples, Table 15 shows the means end

atandord deivations of the cognitive style ratings for

students of different age graips,.
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Table {5: Means and Standard Deviations of Cogmitive
Style Scores of Students of Different Age
Groups in the Zxperimental and Con trol
Groups (Pretest)
(N = 162)
P A
Age Croups N Mean _ 8.d, Mean s8.,d, Mean s.d., llean s.d.
16 - 18 21 104,24 15,33 109.86 13.77 99.38 12.72 84,90 12.10
19 - 21 109 105.70 11.63 111.53 9.68 98,30 11.44 84,45 10.93
22 - 24 24 103.50 13.19 112,54 12,68 97.38 12,21 86,42 15.T1
25 - 27 8 102,25 12,30 116.88 16,46 95,50 12,09 85,75 20,76

Total 162

Table 15;

(1)

(ii)

(iii)

(iv)

The following deductions may be made fram the informatim in

About two-thirds (67.3 percant) of the students in the

experimental and control groups who took the pretest were

between 19 and 21 years of age,

Very few students (about

4,9 percant) were over 24 years of age.

The youngest age group (16-18 years) had the highest

A-score and the least P-score.

The oldest age group (25-27 years) had the least

R-gscore, the least A-score and the highest P-score.

The age group with the largest number of students

(19-21 years) had the highest score in R and the least

score in Q.




(v)

(vi)

(vii)
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The most critical students in the sample were frmm
the 22-24 years age graup, The group obtained the

highest Q-score .

The same general order or pattem of distribution of
cognitive styles was shown by students in all the age
groups, namely P = R=- A - Q. This also implies that
for each age groaup the higheat score was in P while the

least score was in Q.

A faint decrease of R-scores with age and an equally
faint increase of P -, A - and Q - scores with age
(with the increases in P- and A-scores being more

steady and slightly more pronounced) are discernible,

Further analysis of the data (with the ages grouped) wes

carried out to identify any significent age-related differances

in cognitive styles of the subjects. The results of the

Krugkal-Jallis H test are presented in Table 16,
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Table 16: Kruskal-Wallis H Test for Differences
in Cognitive Style Mean Ranks by Age
Groups for Students in the Experimental
and Control Groups on the Pretest
(N = 162)

Cognitive Styles

Age Groups N R P A Q
16 - 18 21 76.8 76,2 85.4 80,2
19 - 21 109 84,2 81.1 82.1 61.4
22 - 24 24 19.3 81.7 78.9 84.4
25 - 27 8 64,5 99.7 70,7 TTe 1

H(adj, for ties) 1,670 1.480 0,666 0,179

The critical value of H at 3 df, 0,05 level of significance
wes T.82, All the calculated values of H as shown on Table 16
were less than the critical value, Therefore, none of the
alculated H values was significant at the 0,05 level of
significence, This means that there are no significant
differaces in cognitive styles between students of different
ages who participated in the study., Hypothesis 3(a) cculd not,

therefore, be rejected,

Iypothesis 3( b]

There are no significant differences in physics interests

between students of different ages who participated in the study.
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To test this hypothesis the mean scores of students of
differcnt ages on the three modes of physics interest, namely
Topic (T), Activity (A') and liotive (M) as measured by the
interest inventory (IPI) were compared. Only students in the
experimental group (E1) and the cantrol groaup (C1) who took the
pretest (N = 162) were involved in the analysis, Table {7 shows
the means and standard deviatims of the interest scores for the

different (ungrouped) ages.

Table {7: Means and Standard Deviations of Interest
Scores of Students of Different Ages in the
Experimen tal and Control Groups on the

Pretest (N = 162)
T A' i
\ges N MNeen g.d. Mean  s.d, lMean 8.d.
16 3 173.33 18,88 90,00  7.00 81,33 10,26
17 1 200.00 0.00 105,00 0,00 95.00 0,00

18 17 201.82 28,65 91.47 13.12 83,88 13.23
19 39 219.46 25.89 97.49 13.31 92,90 19.84
20 39 208,28 28,72 98,51 11.82 94.67 10.17
21 31 215.27 23.74 96,53 11.59 95.27 17.07

22 13 201.21 25.18 90.50 14,21 91.93 18.81

23 6 224,00 21,85 102,50 12,60 93.00 14,60
24 5 216,80 21.51 97.20 19,27 0.40 23,85
25 5 215.20 47.51 94.40 21,47 95.60 15.42
26 2 179.50 12,02 93.50 7.7 86,50 3.54
27 1 176,00 0,00 71.00 0.00 75.00 0,00

Total 162
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The analysis presented in Table 17 supports the following
inferencess

(i) Just as in the case of cognitive styles, the highest and
lowest mean scores on all three modes of interest were
obtained by students in the age categories with amall
samples, namely age classes of 16, 17, 24, 25, 26 and
27 years.

(ii) The solitary 17-year old student had the highest score
recorded on the activity mode A'.

(iii) The anly 27-year old student (and the oldest student in
the entire sample) had the least A'~ and M-scores,

(iv) The youngest group of students (the 16-year class) had
the least T-score.

(v) The six 23-year old students and the five 25-year old
respondents had the highest mean T-score and the
highest mean M-score respectively.

(vi) All age categories had their highest mean scores in the
topic (T) dimension of interest, All the categories
(except the 22, 25 and 27 age cadres) also had their
least mean scores in the motive (&) dimension of interest.

(vii) The general pattem of distribution of intercst profiles
is T = A' = M except for the age cadres of 22, 25 and

27 years who had their least scores in A' rather than in X,
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In order to obtain more reliable results the data were

grouped to eliminate the small samples, The ages were again

grouped in threes as in the case for cognitive styles and this

vielded a total of four age graups. Table 18 shows the means

and standard deivationg of the interest ratings for students

of the four age groups.

Tatle 182 Means and Standard Deviationg of Interest
Scores of Students of Differmt Age
Groups in the Experimental =nd Control
Groups (Pretest)
(N - 162)
T A u
Age Groups N Means s.d, Hean s.d. Llean S.d,
19 - 21 109 214,26 26,59 97.59 12.23 94.19 16,02
22 - 24 24 209,80 24,97 94,72 15.20 91.£8 18.2%
25 = 27 8 201.37T 40.94 91.25 18.41 90,75 13.97
To tal 162

The following observations may be made from a close

examination of the interest mean scores in Table 18:

(i) The youngest age graup (the 1618 years group) recorded

the least T-score and the least M-score ,
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(iii

(iv)

(v)
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The oldest age group (25-27 years) recorded the least

A'-score,

The age group with the largest sample (greatest number
of students) i.e. the 19-21 years group registered the

highest T-, A'- and M-scores.

The order of distribution of physics interest profiles
was T - A' - M for all age groups, This also implics
that each age group recorded its highest interest score
in the topic (T) dimension and the least interest score

in the motive (M) dimension,

The following age - interest relationship is noticcable
in all three interest modes: Between 16 and 21 ycars of
age interest in physics increased as students got older
while between 21 and 27 years physics intercst tanded to

dwindle as students got older,

To detect any significant age-related differences in the

plysics interest of the subjects the grouped data were further

analysed using the Krugkal-Vallis H test. The results of the

analysis are presented in Table 19,
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Table 19: Kruskal-Wallis H Test for Differences in
Interest Hean Ranks of Students of
Different Age Groups in the Experimental
and Control Groups on the Pretest
(N = 162)

Interest llodes

Age Groups N T A* u
16 - 18 21 59.3 65,2 52:3
19 - 21 109 87.2 86,7 87.6
22 - 24 24 T8.1 T6.1 82,3
25 - 27 8 73.6 70,7 131
H{adj. for ties) 6.654 4,627 10,22%

* H significant at p¢0.05

The critical value of H at 3 df, 0.05 level of
gignificance was 7,82, Table 19 shows that only the calculatoed
i value for the motive (M) dimensim of interest (10.,22) was
greater than the critical value of H, This means that only the
calculated H value for the motive dimension of interest was
significent at the 0,05 level of significance, The implication
of this finding is that there are significant differences in the
motive (i) dimension of physics interests between students of
different ages who participated in the study but no significant
differences in the topic (T) and activity (A') dimensions,

Therefore, hypothesis 3(b) was only partially rejected and that
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is in respect of motives (M) for studying physics but was
partially accepted in respect of interest in physics topics (T)
and interest in physics leaming activities (A'). It was
concluded that the pre-degree physics students of different age
groups differed significantly in the motive (i) dimension of
physics interest but did not differ significantly in their
interests in physics topics (1) and activities (i') for leaming
physics,.

By taking a look again at the mean intercst scores as presented
in Table 18, the differences in motives for studying physics anong
students of differant age groups may be generally described or
smmparised as follows: students in the 19-21 years age cadre
shoved the highest motivation for studying physics followed by

students in the 22-24 years category. The youngest age group
(16-18 years) were the least motivated to learn physics.
Furthermore, students' interests decreased steadily from age

21 as they became older,

Hvpothesis 4 (a)

Students in the four groups of the experimental design who
agpire to different careers in science and teclmology do not
exhibit significantly different cognitive styles.

To test this hypothesis the mcan scores of studenta with
different career aspirations on the four cognitive style modes

2, P, A and Q as measured by the PCST were computed and compared,
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The pretest data of students in the experimental group 21 and
the control group C1 alone (N = 162) were used for the analysis.
Classification of the students into different career groups
was done on the basis of the information they supplied in the
ralevant portion of the personal data section of each test
ingtrument, Each student was asked to indicate his/her expecied
future career on each instrument, The differant foms of
angineering (mechanical, civil, electrical, agricultural,
conputer, etc) were put together under one general class of
"engineering”. In the same way all computer-related or computer-
based carcer expectations (except "computer engineering") were
classified as intercst in a career in "computer science"., In all,
geven career groups were obtained, namely engineering, computer
acience, architecture, biochemistry, farming/agricul ture,
quentity surveying and others, The seventh and last carcer
group labelled "others" comprised other career expectations than
tbe first six listed which were indicated by the studemnts in the
test materials and for which the nuumbers of students showing
intercst were few, These "other carcers" (with the numbers of
students indicating interest in them shown in brackets) weres
geophysics (2), nuclear physics (2), microbiology (1), amy (1),
lend surveying (1), phamacy (1), academics (1), food science
tecimology (1), veterinary medicine (1), business consul tant (1)
and undecided (1), The "farming/agriculture" category comprised

feming and all other agro-based types of occupation excepting
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"aericuliural engineering® (which was classified under

"engineering™) and "food science tecmology"”.

Specific examples

included asgriculture, agricultural science and agricul tural

tecimology.

Table 20 shows the means and standard deviations

of the cognitive style ratings for students in the different

carelr groups,

Table 20:

Style Scores of Students with Different
Career Aspirations in the Experimental and
Cantrol Groups (Pretest)

Means and Standard Deviations of Cognitive

(N= 162)
A Q

Carcers N llean g.d, Hean g.,d. Mean s.ds Hean s.d,
“hiineering 81 104,86 12,99 111,15 10,89 99,32 11.24 83.99 11.36
Conpu ter

Setaiod 54 105.98 12.19 112,52 10,54 96,90 12,09 85.00 12.49
Architecture 4 103,50 3.00 121,00 19.54 99.75 13.72 76,25 12.45
Biochemistry 110,00 0,00 108,00 0,00 86,00 0,00 96,00 0,00
Farming/
Qe urveying 4 112.25 T.89 109.25 15.35 98,25 13.48 79.25 10.21
Otherge» 13 100,92 13.44 109,31 11.93 924.85 13.51 9%.31 13.33
Total 162

* Includes agro-based occupations such as agriculture,
agricultural science and agricultural teclmology.

*# A1l other careers indicated by students but not listed in
the table, e.g. nuclear physicist, geophysics, microbiology

pha-macy, food science technology, etec,
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The informmation in Table 20 supports the following

inferences:

{i) Half of the students (50 percent) aspired towards
careers in engineering while me-third of them
(33.3 percent) hoped to be camputer scimtists, The
number of students in each of the remaining five groups
were few, Put together they constituted only about’
16.7 percent, i.e, less than one-fifth (20 percemt) of
the entire sample,

{(ii) The highest and the least mean scores on all four
cognitive styles were recorded by students in the career
groups with few students (small samples), namely
architecture, biochemistry, farming/agriculture, quantity
surveying and "others". None of the eight posaible
extreme scores was registered by any of the large sample
career graups of engineering and computer science.

(iii) The four architecture hopefuls had the highest P-score,
the least Q-socore and the secand highest A-score.

(iv) The solitary aspirant to a career in biochemistry had the
highest Q-score, the second highest R-score and the
least P~ and A-scores.

(v) The highest A-score was obtained by the five studmts who

hoped to become farmers or to take up agro-based occupations,

(vi) The highest R-score was cbtained by the four s‘udents who
expected to take up quantity surveying as their future

career,
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(vii) The least R-score and the second highest Q-score were
recorded by the group of studenta who aspired to carecers
other than those listed in the table (Table 20).

(viii) The general pattern of distribution of cognitive style::s
(B= R = & - Q) already identified for this category of
physics students was maintained for tle emngineering,
conputer sciece and architecture career groups but not

for the other occupational cadres,

In order to test for any significant differences in cognitive
style anong students who aspired to different future careers in
science and teclmology using the Kruskal-/allis one-way .JOVA,
the data were further grouped so as to eliminate small samples in
the distribution, This grouping yielded three distinct career
clagses, namely engineering, computer science and "other
careers" ("others"). In other words, all other career cadres
except engineering and coamputer science were grouped togethoer
to form a third career class labelled "others". Table 23 shows
the means and standard deviations of the cognitive style scores

for students in the three resultant career groups.
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Table 213 Means and Standard Deviations of Cognitive
Style Scores by Career Groups for jtudents
in the Experimental and Control Groups

(Pretest) o = 162)

Career R P A 9
Groups N Mean s.d., MNean g.d., Mean @s.,d, lean 8.4,
Computer 54 405,98 12,19 112,52 10.54 96,90 12.09 85.00 12..
Science

Others 2T 103.58 10,71 112 .00 13,03 97.15 12.25 87.42 15.¢
Total 162

The following observations may be made conceming the nean

scores presented in Table 21:

(i) Students who aspired to careers in engineering had the

highest A-score and the least P- and Q-scores,

(ii) Students who aspired to careers in computer scimce

recorded the highest R~ and P-scores and the least \-score.

(iii) Students who aspired to careers in areas other than

engineering and computer science obtained the highest

t-score and the least R-acore.

(iv) The order or pattern of distribution of cognitive styles

Was P = R =« A= Q for students in each of the three

career groups.



To test for significant differences in cognitive styles
between students in the three career cadres, the data were
further analysed using the Kruskal-7allis H test, The results

of the statistical analysis are presented in Table 22,

Table 223 Kruskal-Wallis H Test for Differences
in Cognitive Style Lean Ranks for Students
in Different Career Groups in the
Experimental and Control Groups on the
Pretest

(= 162)
Cognitive Styles
Career Groups N R P A Q
mmearmg 81 81.2 79.1 86.7 78.3
Computer Science 54 84.3 85.6 75.0 81.4
Others 27 76,8 81.1 T7.8 91.9
H(adjusted for ties) 0.446 0.622 2.205 1. 660

The critical value of H at 2 df, 0,05 level of
significance was 5,99. All the calculated values of H as showm
on Table 22 were less than the critical value., Therefore, none
of the calculated H values was significant at the 0,05 level of signim
ficance, This implies that there are no differences in cognitive
styles between students with different career expectations who
participated in the study., Therefore, hypothesis 4(a) could not

be rejected,
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Iypothesis 4(b)

Students in the four groups of the experimental design who
aspire to different careers in science and teclnology do not
exhibit significantly different physics interests,

This hypothesis was tested by camputing and comparing the
mean scores of students of different career expectations on the
three modes of physics interest, namely T, A' and i as nmeasured
by the interest instrument, the IPI, Only the scores of students
in the experimental group (E1) and the catrol group (C1) who took
the pretest (N = 162) were analysed, Table 23 shows the memns and
standard deviations of the interest scores of the studemts
aspiring to different careers, The same career groupings used in
testing for carcer differences in the cognitive styles of the
subjects were also employed in this case,

Table 23: Means and Standard Deviations of Interest
Scores of Students with Different Career

Aspirations in the Experimental and Control
Groups on the Pretest

(N = 162)

T FU ¥
—Careers N __Mean s.d, Mean g.d, Moan g.d.
Ingineering 81 212,99 25.42 97.39 11.90 93.81 14.62
Compu ter
Science 54 207.12 30.71 94.83 15,80 89,67 18.19
Architecture 4 204,60 31.87 97.40 5,32 93.80 12,83
Biochemi stry 1 233,00 0,00 100,00 0,00 96,00 0,00
Parming/Agrics* 5 219,75 48,04 98,50 12.87 96,00 19.75
Pantity
Surveying 4 200,75 29.58 92,00 13,56 85,00 5.89
Others** 13 212,00 23,14 92,69 12,33 94,08 19.47
Total 162

* Includes agro-based occupations such as agriculture,
agricultural science and agricul tural teclnology.

** A1l other careers indicated by students but not among the six
listed here, e.g. nuclear physicist, geophysics, microbiology,
pharacy, food science tecmology, etc,
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The information in Table 23 leads to the following

deductionss

(1)

(ii)

(iii)

(iv)

The extreme scores (i.e. the highest and least scores) an
all three interest modes T, A' and ¥ were nade by students
in the small sample career groups, namely biochemistiry,
faming/agriculture and quantity surveying. The two
largest samples (the engineering and computer science
groups) did not record any of the extreme scores,

The lone biochemistry aspirant had the highest acore
registered an each of the three interest modes, That is
he/she had the highest T-, A- and M- scores. Fowever, the
highest li-score was shared with the faming/agriculture
group owing to the tie in the scores.

Students who hoped to enter into the career of quantity
surveying consistently recorded the least scores on all
the three interest modes, i,e, they had the least T-, A'-
and - scores,

The patterm of distribution of physics interest
orientations was T- A'-~ M for all carecer groups excepd
the group labelled "others", i.e. the group of students
agpiring to careers other than tkose listed in Table 23,
This also implies that except for the said career group,
all other groups recorded their highest score in the
topic (T) dimension and their least score in the motive ()

dimension,
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In order to test for significant differences in physics
interest among students who aspired to different careers the
analysis was carried out using the same career groupings
employed in testing for career differences in tho cognitive
styles of the subjects (See Tables 21 and 22), Table 24
shows the means and standard deviations of the interest

scores for students in the three career categori es.

Table 24: Means and Standard Deviations of Interest
Scores of Students of Different Carcer
Groups in the Experimental and Control
Groups on the Pretest

(N = 162)
) o A u
Careers .
Groups N Mean s.d, Mean S.d, Lean s.d,
Computer
Science 54 207.12 30.71 94.83 15.80 89,67 18.19
Others 27 211.07 28.90 94,59 11.08 93,04 16.18

Total 162
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From the information in Table 24 the following inferences

may be mades

(i) Students who were aspiring to careers in the field of
engineering had the highest score on all the three
modes of interest, That is they had the highest
T-score, the highest A'~score and the highest U-score.

(ii) Students hoping to enter into occupations in Computer
Science recoxrded the least T-score and the least
M-score,

(iii) Tne least A'-~score was made by the group of sftudents
who expected to take up careers other than engineering
and computer acieace,

(iv) The order of distribution of interest orientations is
T A'— ¥ for all three career groups., This also means
that respondents in each career group had their highest

score in the topic (T) dimension and their lowest score

in the motive (M) dimension of interest,

Table 25 shows the results of further analysis of the data
using the Kruskal-Wallis one-way ANOVA (the H test). The
purpose of the analysis was to test for significant differences
in interest mean rank scores of the students aspiring to
different careers in science and tecinology, The valuesg of
H calculated for each of the three modes of interest are shom

in the table,
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Table 238 Kruskal-iallis H Test for Differences in
Interest liean Ranks of Students in
Different Career Groups in the Experimental
and Control Groups on the Pretest

(N 162)
Interest llodes
Career Groups N

T A i
nhgineering 81 84,3 86,0 84,7
Computer Science 54 76.9 78.6 75.4
Others 27 81.9 733 83.4
H(adjusted for ties) 0.794 1,792 1.325

The critical value of H at 2 df, 0,05 level of
significance ¥as 5.99. The calculated values of H for the three
modes of interest T, A' and 4 were all less than the critical
value, Therefore, none of the calculated values of H was
significant at the 0,05 level of significance, This means that
students in the experimental design who aspire to different
future careers do not differ significantly in their plysics
interests, Therefore, hypothesis 4(b) was accepted {could not

be rejected) at the 0,05 lovel of significance,

Lypothesgig 5
There is no significant relationship betwee students'
physics cognitive styles as measured by the PCLT and their

physica interests as measured by the IPI.
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A major aim of the present study was to find out if
cognitive styles of learners in a science subject are related
to the learmers' interest orientations in that subject, The
subject in this case was physics, The research question was:

"Are there any relationshipsbetween cognitive style profiles
and interest orientations among the physics students™
Hypothesis 5 was supposed to provide clue to the answér(a)
to this research question,

To test this hypothesis the cognitive style scores of tho
students as measured by the PCST were correlated with their
interest scores as measured by the IPI. First, the overall
nean scores on R, P, A and Q for all the 40 items in the PG3T
were correlated with the total mean interest scores on T, A' and
1 for all the items in the IPI. Pearson product-moment correlation
was aiployed for the analysis,

Tables 26 - 34 present the correlation matrices showing
the values of the Pearson product-mgment correlation
coefficient (r) for the various relationships, The critical value
of r (the Pearsmu r) at 0,05 level of significance (N = 162) was
0.154, All calculated values of r greater than 0,154 were,
therefore, statistically significant at 0,05 level of significance,
All other coefficients of correlation whose values reached at
least 80 percent of the critical value (i.e, from 0,123 upwards)
were considered to be reasanably strong (though not statistically

significent) and were noted accordingly,
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Table 26 shows Pearson product-moment correlations between the

overall means cognitive style and interest scores of the students,

Table 26: Correlations Between Overall Cognitive
Style Scores and Overall Interest Scores
for Students in the Experimental and
Control Groups on the Pretest

(N = 162)

Interest Dimensions

Cognitive Styles
Topic (T) Activity (A") Hotive (U

Recall (R) -0,078 -0, 104 0.004
Principles (P) -0,008 -0,103 ~0,131%
Application (A) 0.061 0,168 0.075
Qestiming (Q) 0.019 =0.017 0,071

* Significent at p <0.05

x High but not significant at p<0.05

The following observations may be made from Table 26:
(i) The application (A) cognitive style was positively and
significantly correlated with the activity (A') mode
of interest, This means that students whose dominant
physics cognitive style is application tend to show high

interest in activities for leaming physics,
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(ii) The negative correlation between P and M was reasmably
high but not significant at the 0,05 level of significance.
It, however, suggests that students who are highly motivated
to learn physics would be little inclined to learn physics
principles or to accept an information in physics because

it illuminates some fundamental physics principle,

The critical value of r , the Pearson product-moment correlation
coefficient, at 0,05 level of significance and N = 162 was 0.154.
This value was used to assess the significance of the calculated

r values which are shown on the table,

For subsequent correlaticnal analyses the R-, P-, )= and Q-
gcores in tie seven major physics content areas or topics
covered by the PCST were computed, The 40 items of the PC3T were
distributed over the seven major content areas as shown in Table 1,
The scores in each cognitive style in each content area were
computed so that sevem sub-scores, (R1, R2,..., R7; P1,
P2, eeey PT; A1, A2, ...,AT and Q1, Q2, ««.,Q7) were obtained for
all cognitive atyle sub-scales, Thus Rl, is the R-score in
mechmics, R2 is the R-score in heat, R3 is the R-score in light
or optics, « « oy R7 is the R-score in sound and so on (see

Table 1, p. 145).
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arly the 56 items of the topic (T) sub-scale of the

Pl were distributed over the same seven physic:s

: 1 T i - m_. _—_— T n- I n
13 in the FC3T, Therefore, the T—scores (T1, T2,eces ."J-) for

the different caontent areas were also computed. T is
T-acore in mechanics, T2 is the T-score in heat, T3 ia the
T-score in light or optics,..., and T7 is the T-score in
sound, Thus cognitive styles (Ri, Pi, Ai, t‘l.) and interecats
(Ti) in different physics topics were computed (i = 1,2,...,7)s
[n like manner the scores on the three sub-dimensions of the
tivity (A dimengsion of interest were calculated yielding
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our sets of T sub-scores were obtained for the mitive
3tyle criterion measure while three sets of 7, 3 and 2 sub-

s were assembled for the interest measure. These sets oi
Icore then correlated as described in the following pages

13ing Pearson product-moment correla

recall scores (R1,32,..., R7, R) and interest scores in the
topic dimension (T1, T2,44e, 77, T). The overall cognitive

style and interest scores R and T respectively were included
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The critical value of r at 0,05 level of sigpificance and

N= 162 was 0,154, Comparing this with the calculated values

of r shown in the table, the following deductions can be mades

(i)

(ii)

R3 (the recall cognitive style in optics) was significantly
and negatively correlated with T4 (interest in
electricity), T6 (interest in waves), T7 (interest in
sound) and T (overall interest in the knowledge content
of physics). R3 is also reasonably correlated with Ti
(interest in mechanics) and T5 (interest in magnetiam)
but the correlatians are not significant at the 0,05
level of significance,

This means that students with high R-score in
optics would record low T-scores in physics generally
and in electricity, waves and sound particularly, The
implication is that students who are good at remembering
facts and knowledge items in optics tend to have low
interest in physics topics gepnerally but with particular
reference to electricity, waves and sound and to some
oxtent mechanics and magnetism,
Sizeable but non-significant negative correlations were
also shown between R2 (recall style in heat) and T4
(interest in electricity), R2 and TS (interest in magnetism)
and between R (recall style in physics) and T5 (interest

in magnetism).
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Table 27: Correlations Between Cornitive Style Mean Scores in Recall
ﬁma.mm.....mv.wu and Interest Mean Scores in the Topic Dimenzion
s

(T s-3TsT) for Students in the Experimental and Control Groups(Pretest) (N=162)
L 2 7

Cosnitive Style Interest Sub=dimensions

Sub=Scales T, :Int. in T_:Int.in _H.w..Hﬁa.Hs ﬂruHﬁw..Ps .w ..HMM.U_..H..H m_ou nt. in HﬂuHsn.mB T:Int.in
.:_.r_whz sm

Mechanics mmom.n Optics Electricity \laves Sound Physics
Ryt R Mechanics 0.052 0.052 -0,051 =0,071 ~0,105 ~0,050 -0,120 -0,049
R,: R Heat -0,070 -0,054 -0,048 -0.138 &+ -0,128 + =0,065 =0,041 -0,107
Ryt R Optics =0.133 + =0,086 -0,111 -0.230 * ~0,137 + 0,236 * =0,179 * =0,201 *
R,: R Hlectricity 0.056 0,074 ~0,027 ~0,035 ~0,047 ~0,089 ~0,100 -0,021
Ryt R Magnetism 0.033 0.116 0.065 «0.112 =0,031 0.017 0.042 0.014
Rg: R Vaves 0,001 0,081 0,048 =0.055 ~0,090 =0, 02k =0,005 -0,010
R,: R Sound 0,128 & 0,105 0,057 =0,057 ~0,081 0.063 -0,018 0.009
R: R Physics 0.006 0.055 =0,052 -0,052 0,147 4 -0,102 -0.109 -0.0%8

* Correlations significant at P&O0.05
+ Correlation reasonably strong but not significant at F<£0.05
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Table 28 shows the correlation matrix for the relatimship
between cognitive style scores il principles (P1, P2,..., P7, P)
and interest scores in the topic dimension (T1, T2,e..5 T7, T
Again the total scores P and T are included in order to make
the correlation complete,

Comparing the calculated values of r sghown in the table
with the critical value (r = 0.154) at 0,05 level of significance
and N = 162, it is observed that nme of the correlations in
the table was significant at the 5 percent level of significance,
™o reasonably high but non-significant correlations were, however,

noteds

{i) P1 (principles cognitive style in mechanics) was negatively
correlated with T7 (interest in sound), The indication
here is that students with high P-score in mechanics
would tend to have little interest in the area of sound,

(ii) P4 (P-score in electricity) was negatively correlated
with T2 (interest in heat). This relationship suggests
that students with low P-score in electricity would be

highly interested in heat.

Table 29 shows the relationships between cognitive style
scores in application (A1, A2, .., A7, A) and interest scores
in the topic dimension (T1, T2, ¢.., T, T)o A and T are the

overall scores in application and physics interest (topic mode)
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respectively included so as to camplete the correlational
analysis, By comparing the calculated values of r presented
in the table and the critical r value (0.154) at 0.05 level

of significance and N = 162, the following observations can

be nade from the table:



Table 28: Correlations Between Cognitive Style Mean Scores in Principles Cua. ﬁm-..adﬂ.mu and
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Interest Mean Scores in the Topic Dimension na.._ L i ..H.w.q._u for
Students in the Experimental and Control Groups m,w.mgmﬁ
(N = 162) - L Interest Sub-dimensions _ ~
Cognitive Style T,:Int. in n_m"Hsﬁ.w: _H.u“Huw. ih Tj:Int. in T.:Int.1n _nmnwsn. in .Hq“.maw. in T:Int.in
Sub=Scales Mechanics lleat Optics %moauwawa ﬂ.wwnnoﬂwma \iaves Sound Physice

P,: P Mechanics -0,010 0,055 -0,071 -0.,096 -0,020 -0,061 -0.150 + =0,058
P,: P Heat ~0,008 =0,025 ~0,070 -0,118 =0,03%3 0,027 0.006 ~0.055
mu" P Optics 0.59 0,083 0,006 -0,042 ~0,003 0,045 =0, 001 0,023
Py: P Flectricity 0,090 0,130 + =0.005 0.021 0.082 0.070 -0,016 0,070
wm“ P Magnetism -0,030 0,018 -0,108 0,043 0,027 0.029 =0,052 -0,009
Pgt P Waves 0.063 0,037 =0,014 «0,020 -0,059 =0,005 0.020 =0,011
mu“ P Sound -0,048 0,032 0,032 0,011 0,081 0,005 0.021 0,012
P: P Physics 0.024 0,07% 0,075 =0,055 0,019 0,022 =0, 045 -0,008

+ Correlations reasonably strong but not sipgnificant at P0,05



Table 29: Correlations Between Cognitive Style lMean Scores in Application AP_ .>m....>.w. A)
and Interest Mean Scores in the Topic Dimension QP_ .n.m....um.ﬂq.uu for Students in

the Experimental and Control Groups (Pretest)
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(N = 162)
Cognitive Style Interest Subedimengions
Sub=Scales Ty:Int. in _H.must. in 6w... Int.in W_“ Intein Tg:Int.in  T.:Int in eﬂ“st..ﬂn T:Int.in
Mechanics lleat Optics Tectricity xmmﬂmwwua \laves Sound Physics
A :A Mechanics 0,118 -0,002 0.131 + 0,706 -0,117 =0,074 0.09% 0.060
A :A Heat =0.005 ~0,023 -0.056 0,086 -0,051 -0,033 -0,052 0.005
Asih Optics 0.028 0,038 -0,004 0.200 * 0,095 0.136 + 0.077 0.108
Ay:A Electricity «0,002 0,047 0.054 0,077 0.118 0,003 0,040 0.068
»m; Magnetism 0.027 ~0,047 0.023 0.105 -0,071 -0,132 4 =0,028 0.021
Ag:A vaves =0, 104 -0,118 -0,037 04094 0.023 04104 0,063 -0,001
A, Sound ~0.020 0,009 0.067 0.042 -0.013 =0,053 0.022 0,018
A: A Physics ~0.036 0,012 0,0h5 0,176 * -0.122 -0,01% 0.046 0,072

* Correlations Significant at P& 0,05
+ Correlations reasonably strong but not significant at P& 0.05.
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(i) T4 (interest in electricity) was positively and
significantly correlated with A3 (application in
optics) and A (application in physics). This means
that students with high interest in electricity are
predominantly appliers in physics generally and in
optics particularly,
(ii) The following correlations which were not significant at the
0,05 level of significance but were deemed reascnably
high because their values reached at least 80 percent
of the critical r value were noteds
(a) T3 (interest in optics) correlated positively with
A1 (application in mechanics) muggesting that students
with high interest in optics would tend to learn or
accept knowled;e content in the area of optics
nainly for their utilitarian values,

(b) 16 (interest in waves) correlated positively with
A3 (application style in optics) but negatively with
A5 (application style in magnetism), This implies
that students with high interest in waves would tend
to be high in application in optics but low in the

same application in magnetism,

The correlation matrix in Table 30 shows the relationships
between cognitive style scores in questioning (Q1, 22, «ee»Q7, Q)
and interest scores in the topic dimension (T1, T2, e..s T7, T

Q and T are the overall scores on questioning and interest



Table 30: Correlations Between Cosnitive Style Mean Scores in Questioning n.,.r_uu,. ..;._‘x. Q)
and Interest Mean Scores in the Topic Dimension S.._ .q._m...uaﬂ. T) for students

in the Experimental and Control Groups (Pretest),

(N = 162)
S Cognitive Style Interest Sub=Dimensions

Sub-Scale T,:Int. in um",«nw.wb ﬂmnmnw.wa Tj:Int.in uu"uu".w: uw."..r".,w.u.,s eﬂ"Hsﬂ.g

Mechanics Meat Optics Mectricity Macneticn Wlaves Sound

Qq: Q Mechanics 0.033 =0, M 4 =0,053 0.057 -0.022 0.103 0.0%9%

Q,: Q Heat 0.092 0.099 0.165 * 0.139 « 0.102 0066 0,084
Du“ Q Optics 0.058 ~0.037 0.100 0.058 0,029 04001 0.133 &

Q,: Q Hlectricity ~0.085 =0.150 + 0.031 -0,069 =0,129 4 0.070 0.093

mm" Q Magnetism =0,033 ~0,106 0.022 ~0,047 -0,089 0.120 0.050

Q: Q vaves 0.020 -0,069 04004 -0,028 0.073 =0.059 ~0.060

@w" Q Sound 0,043 =166 * 0.033 04017 ~0+000 -0,020 -0.046

Q: Q Physics 0,019 0,117 0.089 0,038 -0.009 0,090 0.107

* Correlations Significant at P £ 0.05
+ Correlation reascnably strong but not significant at P < 0,05
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(topic dimension) included for completeness purposes.

Comparison of the calculated r values with the critical

value of r which was 0,154 at 0.05 level of significance

N = 162 led to the following inferences from the correlational

analysiss

(1)

(ii)

(iii)

72 (interest in heat) was negatively and significantly
correlated with Q7 (critical questioning in sound).

This implies that students who have low interest in heat
would tend to attend to knowledge items in sound with
critical mind,

Similar negative relationships were also portrayed

between (a) T2 and Q1 (Q-score in mechanics) and

(o) 72 and Q4 (Qscere in electricity) but these were

not statistically significant,

2 (Q=score in heat) correlated positively and
gignificantly with T3 (interest in optics), This neeans
that high interest in optics is congruent with a dominant
questioning style in heat among the subjects of the study.
Q2 also had identical correlatimns with T (interest in
physics topics generally) and T4 (interest in electricity)
though the correlations were not statistically significant,
Other substantial but non-gignificant correlations

identified were:
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(a) 177 (interest in sound) correlated positively with
Q3 (critical questioning in optics) implying that
students with high interest in sound would tend to
be critical questioners in learning or dealing with
knowledge content in optics,

(b) 75 (interest in magnetism) was negatively correlated
with Q4 (critical questioning in electricity)
suggesting that students with high interest in
magnestism are likely to attend to imowledsge items

in electricity with uncritical minds,

Table 31 shows the correlational matrix for the relatimships
between recall scores (1, R2, ..., R7, R) and interest scores
in the activity and motive dimensions (A'1, A'2, A'3, A', U1,
U2, 1), The results of the analysis as shown on the table
support the following deductions:

(i) R3 (recall in optics) was negatively and significantly
correlated with A'1, (interest in reception leaming),
A'3 (interest in engaging in higher cognitive operations)
and A' (interest in types of activities for learning
physics generally). These relationships imply that
students who are predominantly recallers in optics
exhibit low interest in activities for leaming physics
generally but particularly in reception learning and

emgaging in higher cognitive operations,



Table L Correlation Between Cornitive Style Meon Scores in Recall 3«1 wm.....ﬁm. R) ond
Interest Mean Scores in Activity (A4, >.Na >.u. KX) and Motive C....._. "_nm.. 12) for Students in
the Experimental and Contrl Groups (Pretest)

(r = 162)
Cognitive Style Intercst Sub=Dimengcions
Sub-Scales 3 A o X T, T, ¥
m._» R Mechanics =0.,005 0,012 =0,055 =0.029 ~0,079 0.021 =0,019
mmu R Heat ~0,055 ~0,016 0,027 ~0,039 04000 -0,014 =0,010
mu. R Optics -0,188 * 0,103 ~0,166 * -0,189 * =0.0355 -0,021 ~0,030
Ry,: R Electricity -0,024 -0,022 -0.015 0,014 0.020 ~0.006 0,004
Rgt R Magnetism 0,127 & =0.03%6 -0.047 -0,08L 04021 0,115 0.09%
Rgt R Uaves -0.052 ~0.034 =009k =0.073 0.027 -0,009 0.005
mq" R Sound -0,012 0.101 -0,097 0,005 04046 =0 .060 =-0,024
* Correclations Significant at P £ 0.05
+ Correlation reasonably strong but not sisnificant at P & 0.05
Activity Sub=Dimensions: llotive Sub-=Dimensions
A': Interest in activities for learning Physics M: Interest in motives for learning Physics
Ay Interest in reception learning M :Interest in social gspects of Physics
r.muHE..mH.mmn in learning '"by doing" H_Hm" Interest in Physico-related careers.,

>.w"Hnggmn in engaging in higher cognitive operations

£} v a A



(ii) A reascnably high (though not significant) negative
correlation was noted between RS (recall in magnetim)
and A'1 (interest in reception learning) suggesting
that recallers in magnetism tend to show low interest

in reception leaming,

Table 32 shows the relationships between scores in principles
(P1, P2, «..» P7, P) and interest scores in the activity and
motive dimensions (A'1, A'2, A'3, A', M1, M2, ¥) for students
who took the pretest (N = 162). The following inferences are

derived from the results of the analysis:

(i) P1 (fundamental principles in mechanics) correlated
negatively end significantly with M2 (interest in
physics-related careers), This means that students who
are highly interested in physics-related carcers are
unlikely to be oriented towards fundamental principles
in their exhibition of cognitive styles in mechanics,
The same type of relationship was also noted between P|
and ¥ (interest in motives for leaming physics
generally) though the correlation was not significant,

(ii) A'2 (interest in learming "by doing") was negatively and
significantly correlated with P7 (fundamental principles
in sound). The relationship implies that high interest
in leaming "by doing" is congment with poor orientation

towards fundamental principles in sound., There is also



Table 32: Correlations Between Cognitive Style 1mmu Scores in Principles awg. .m...- u. P) and 270
Interest Mean Scores in Activity ?. A',y A) and Motive (11, H 1) ‘for Students
in the Experimental and Control ouoﬁvu nvwmnaa..m

(N = 162)

terest Sub=Dimension
Cognitive Style Interest Sub=Dimensions

Sub=-Scales Ay A Ay A' 7 ¥, I
Pyt P Mechanics =0,085 =0, 122 0.073 ~0,119 04016 ~0,198 * =0,138 &+
P,: P Heat -0,091 -0,016 0,009 -0,039 =0,135 «+ ~0,087 =0.121
mu“ P Optics 0,049 =0,001 0,024 0,009 ~0,050 -0,051 ~0,059
P,t P Hlectricity -0,057 =0,133 4 0.003 ~0.083 «0.020 =0,080 -0.067
wm“ P Magneticm -0,053 ~0,151 4 0.033 =0.,073 -0,070 -0,097 -0,102
Pg: P Waves 0.041 =040l ~0,003 ~0.,006 0,005 =0 +Oll4 -0.030
mw" P Sound -0.039 0,165 * =0.062 -0.117 0,070 ~0,023 0.013
P: P Physics ~0,065 =014k 4 =~0.025 -0.103 =0,061 =0, 144 4 0,131 4

* Correlations w.ﬁnwwwngﬂ at P & 0,00
+ Correlations reaconably strong but not sirmificant at P £0.95

Activity Sub-Dimensions: Motive Sub-Dimensions

=~
..

A': Interest in activities for learning Physics M
»..“n Interest in reception learning
m Interegt in learning 'by doing"
A'S: Interecet in engaging in higher cognitive
3 operations,

Interest in Motives for learning Physics
Interest in social aspects of FPhysics
Interest in Physico=reclated carcers.

LI 1]

NS



(iii)
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evidence that A'2 was similarly correlated with P4

(fundamental principles in electricity), P5

(fundamental principles in magnetism) and

P (fundamental principles in physics as a whole)

although the correlationa were not significant,

Other correlations which were not significant but were

sufficiently high to be noted (their values reached at

least 80 percent of the critical value of r ) were:

(a) P(fundamental principles in physics) was negatively
correlated with M(interest in motives for studying
physics generally) and M2 {interest in physics-
related careers). This suggests that students
whose dominant cognitive style in physics is P are
unlikely to (1) bother about reasms or motives
for studying physics and (2) be keen on physics-
related careers,

(b) M1 (interest in social aspects of physics) was
negatively correlated with P2 (fundamental
principles in heat), This implies that studemnts
who are highly motivated to study physics because
of its social importance are unlikalf to focus on
fundamental principles in learning or in dealing

with knowledge content in the area of heat,
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Table 33: Correlations Between Cognitive Style Mean Scores in Aprlication Q._. geseoh s A)
and Interest Mean Scores in Activity ;Jta. yA', ,A) and Motive C.r. H.N. 1) £6r Students
in the Experimentl and Control Groups(Pretesf) -

AZ = .._mmu
. Interest Sub=Dinmensions

Cognitive Style

Sub-Scales Ay Al A B A’ 1y 1, M
A,: A Mechanics 0.070 0,069 0,096 0.073 0:325 & 0.167 * 0.17% *
Az A Heat 0,086 0.022 0.024 0.053 -0,009 0.033 0.021
Ast A Optics 0,104 0,178+ 0,160 * 0,186 * 0.042 ~0,033 =0, 006
Ay: A Rlectricity 0,055 0,053 0.080 0.077 0,049 0.086 0.042
Agt A Magnetism 0,178 * 0,140 + 0.089 0.169 * 0,070 0.036 0.056
A A Sound 0.045 0,006 0.103 0,060 =0,051 0,065 0,025
A: A Physics 0.122 0.1 & 0,140 + 0.168 ¢ 0,043 0.077 0.075

*Correlations significant at P < 0,05
+Correlations reasonably high but not girmificant at P £ 0.05

Activity Sub-Dimensions: Motive Sub-Dimcnsions

A' + Tniterest in activities for learning Fhysics M: Interest in Motives {or learning Physics
ATyt Interest in reception learning M,: Interest in socinl aspects of Physics
>.N“ Interest in learning "by doing" zmu Interest in Physice=reclated careers,
A' Interest in engaging in higher cognitive

3 operations,
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Table 33 shows the correlaticns between application
scores (A!, A2, ..., AT, A) and interest scoreg in the
activity ond motive dimensions (A'1, A'2, A'3, A',u1, 2, ¥).
The results of the analysis pregsented in the table permit the

following inferences;

(i) A1 (application in mechanics) was positively and

significantly correlated with M(motivation to learn
physics generally) and M2 (interest in physics-related
careers), This implies that students whose pre-
dominant cognitive style in mechanics is application are
highly interested in motives for leaming physics
generally and specifically in leaming physics because
of prospects of taking up physics-related occupations,
A similar correlation between Al and Y1 (interest in
leaming physics because of its social implications)
was noted but the correlation was not statistically
significant,

(ii)} A3 (application in optics) was positively and significantly
correlated with A'2 {interest in learning physics "by
doing"), A'3 (interest in engaging in higher cognitive
operationg) and A (interest in activities for learning
physics), This means that students who are predominantly
appliers in optics generally have high interest in how
physics should be learnt (i.e, through what type of
activities) and specifically in leaming physics "by

doing" and by "engaging in higher cognitive operatianag”,
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(iii) A5 (application in magnetism) was positively and

(iv)

significantly correlated with A'1 (learning by

reception) and A' (interest in activities for learning
physics)e This implies that students who are esesentially
appliers in the area of magnetiam demonstrate a high

level of concern for activities for learning physics
generally and particularly on learning physics by reception,
A similar relationship between A5 and A'2 (interest in
learning physics '"by doing")was noted though it was not

statistically «ignificant,

The positive and significant correlation between

Al application in physics) and A' (interest in activities
for learning physics) which was reported earlier (see
Table 26, pe 215) was again portrayed here, Similaxr
high positive correlations between A and A'2 on the one
hand and tetween A and A'3 on the other were noted, These
correlations were appreciably high btut not statistically
gignificant, They however, indicate that appliers in
physics are highly interested in learning physics "by

doing" and "by engaging in higher cognitive operations'l,
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Table 34 shows the correlation matrix cutlining the
relationships between critical questioning scores (Q1, Q2, s«s»
Q7, Q) and interest scores in activity and motive dimensions
(A'4, A’2, A'3, A', M1, M2, U) for students in the experimental

and control groups who took the pretest (N = 162). The
following inferences are derived from the information contained
in the table;
(i) None of the calculated r values was statistically
significant at 0,05 level of confidence,
(ii) Two correlations whose values reached at least 80 percent
of the critical r value at the 0,05 confidence level
(r = 0.154) were considered worthy of note. The
correlations which were positive but not significant
are Q2 (critical questioning in heat) correlated with
(1) ¥ (interest in motives for studying physics) and
(2) 41 (motivation to study physics because of its
social role). The two relationships suggest that
students whose cognitive styles in heat are geared
towards critical questioning would tend to demonstrate
high level of interest in motives or reasons for
leaming physics generally and specifically in
leaming physics because of the social importance of

the knowledge gained,
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Table 3l Correlations Between Cognitive Style Mean Scores in Questioning 54. nm....qo.ﬂ_ Q)

and Interest Mean Scores in Activity ;..‘1’_

2

W
in the Dxperimental and Control Groups (Pretest)

3

yA') and Motive (1, o1, 911) for students
[

(N = 162) .
Cognitive Style Interest Sub=Dimensions
Sub=Scales A'4 A - AY 3 At A ZN M
Qq: Q Mechanics 0.009 =0.055 -0,056 -0,0h4 =0, 026 ~0,013 -0.021
Qe Q Heat 0,071 «0,021 =0.,006 0.015 0.131 4 0.092 0.124 &
ou“ Q Optics 0.078 -0,068 0,007 ~0,014 0,034 0,108 0,094
Q,: Q Fectricity 0.010 04044 =0.070 «0,003 0,059 0,050 0.062
A5t Q Magnetigm ~0.023 0,028 ~0,101 -0,035 -0, 00 0,063 ~0,063
Qg: Q Vaves 0.023 =0.022 0,046 0,012 «0,039 0,115 0,067
Q¢ Q Sound 0.007 ~0.00% ~0,000 =0,001 ~0,070 0,023 =0.017
Q: Q Physics 0.037 0,020 =0.046 -0,017 0.031 0.079 0.071
+ Correlations reasonably high but not sisnificant at P 0.05

Activity Sub-Dimensions:

b-

p-

ﬁm

3

operations,

Interest in learning '"by doing"

Atgt Interest in reception learning
: Interest in engaging in higher comitive

Interest in activities for learning Physics

Motive Sub-Dimensions
4: Interest in Motives Zor learning Physics
F_anan.mma in social aspectc of Physics
M. :Interest in Physics-rclated careers,
2
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Another major concern in the present study was to explore
the possibility of modifying the cognitive style profiles and
the interest orientations of a group of physics students using
the teacher-directed discussion (TDD) mode of instruction.
Hycotheses 6 and 7 were intended to provide evidence of the
effcet (or lack of it) of the treatment on the cognitive styles
and interests of the respondents., The Solomon 4-group design
model wes adopted in testing these two Ihypotheses, MHalf of
the experimental class (E1) and half of the control class (Ct)
were pretested while the other halves E2 and (2 were not,

Students in the experimental class were taught for 8
weeks by means of the TDD method while the control class was
taught by the traditional lecture method, At the end of the
8 weeks, all groups were given the posttest., The effects of
the treatment and the pretest were determined by means of

paired comparisons which were carried cut using the lann-./nitney

U test.

Hypothesis 6
The teacher-directed discussion method of teaching (the
eiperimental treatment) has no significant effect on the
cognitive style distribution of the subjects,
Table 35 shows the comparison of the pretest and posttest
scores of the experimental group (E1). If the treatment was
effective then the posttest scores should be higher than the

pretest scores especially with respect to A and Q,
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Table 353 Comparison of Experimental Pretest
(E1 Pre) with Experimental Posttest
(1 Post) Cognitive Style Mean Ranks

Cognitive Styles

¥ R P A Q
21 Post 82 103,00 105,00 98,00 92,00
7085.5 7650,0 6622,0 570345
’ - 2,000 5,000 -0,001  -6,000
P 0,231, _ 0.002% 0.736 0,001

* Z significant at p £0,05

The results of the comparison show that there was a

significant decrease in the P-score and a significant increase

in the Q-score, The drop in R-score although it was not

significant at the 0,05 level of significance was noted, There was

also a rather negligible drop in the preference for A.

The effect of the treatment seemed to have decreased the

mean scores for P and R and increased the mean score for Q

while causing anly a slight drop in the A-score,

This means

that fewer students were oriemted towards recall and principles

while more students were questioners in the posttest than in the

pretest as was expected, However, the slight drop in preference

for A was the reverse of what was expected from the experimental

treatment, Therefore, hypothesis 6 was rejected in respect of

preference for P and Q but could not be rejected in respect of

preference for R and A,



239

Table 36 shows the comparison of the experimental group (1)
posttest scores and the control group (C1) posttest scores, If
the treatment was effective, then it would be expected that =1
posttest scores would be higher than C1 posttest scores
particularly on A and Q. Assuming that the effect of the
pretest over the eight weeks period was minimal, C] posttest
scores were expected to be approximately equal to C1 pretest

SCOres,.

Table 36; Comparison of Cognitive Style Mean Ranks
of GSxperimental Posttest (&1 Post) with
Scores of Control Posttest (C1 Post)

Cognitive Styles

N R P A 2
21 Post 82 103.00 105.00 98.00 92,00
C1 Post 3o 107.00 107.50 95,00 89,00
u 5986,5 6054.5 T7226,0 6973.50
2 -3,000 -3.000 -3.,000 2,999
_3 0,052 0,087 - 0,025% 0.164

* Z significant at pg0.05

Results of the comparison show that the mean score for R
simificantly dropped while the mean score for A rose significantly.
The chonges in the mean scores for P and Q were not significant
but a decrease in the P-score and an increase in the J~3core were

noted, The effect of the treatment on each cognitive style was
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in the direction expected, namely decrease in the 3~ and
P-ccores and increase in the A- and Q-scores, On the basisof
the results the null hypotaesis (hypothesis 6) was rejected
as it affected R and A but c;mld not be rejected for P and Q,

Table 37 shows the effect of the instructional mode by
comparing the experimental group (E2) posttest scores with the
control group (Cy) posttest scores,

The Cy group had the pretest but the ® group did not have
the pretest, If the instructional mode was effective,

posttest scores should be significantly greater than Cy

posttest scores.

Table 37: Comparison of Cognitive Style ilean Ranks
of Experimental Posttest (22 Post) with
Control Posttest (Cq Post)

Cognitive Styles

¥ R P A Q
L Post 86 106,00 105,50 100,00 87,00
¢y Post 80 107.00 107,50 95,00 89,00
U 691340 7798.0 6950,0
A -0.999 3,000 -1,001
P 0.387 0,046% 0,457

* Z significant at p£0.05
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The results in Table 37 show that there was a significant
:i.ucreéss in the mean score for Application (A). There were
also decreases in the mean scores for Recall {R), Principleas
(P) and questioning (Q)s Apart from the decrease in the mean
score for Q {which is the reverse of what was expected), all
the other changea were as expected, The null hypothesis was,
therefore, rejected for Application (A) and could not be
rejected for R, P and Q.

Table 38 showsg an eatimatiom of the effect of the
treatment by comparing the ezperimemntal group (E2} posttest
scores with the control graup ((2) postiest scores. The
compariscn also indirectly assesses the effect of the pretest,
Both groups did not take the pretest but the experimental
group (£2) had the treatment, Thua, if the treatment was
effective, then %he scores of the experimental group should

evidaently be greater than the scores of the control group,

Table 38: Compariscn of Cognitive Style Mean Ranks
of Experimental Posttest (E2 Post) with
Scores of Control Posttest (Cz Poot)

N Cognitive Styles
R r A 0
E, Post 86 106,00 105.50 100,00 87,00
0'2 Post 78 106,00 | 106,00 99.00 90,00
U 7181.5 7370,5 7230,0 6580,5
2 _ _ .0.001 1.000 0,000 -3%,000

P 0,889 0. 449 0,765 0,069
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The results in Table 38 show that there was no significant
difference between E2 and C2 posttest scores on all cognitive
style modes. However, there was a decrease in the Q-score,

a slight increase in the A-score and a slight decrease in the
P-score, No change whatsoever occurred in the mean score for
R, The changes in P and A (though negligible) were as
expected but the change in Q was the reverse of what was
expected. On the basis of the results, hypothesis 6 could not
be rejected for all four cognitive style modes,

Table 39 shows the effect of the treatment by comparing
the experimental group (E2) posttest scores with the cantrol
graup (C1) pretest scores, This comparison also serves to
reconfirm the effect of testing an the control graup, 2
posttest scores should clearly be greater thean C1 pretest
scores, if the treatment was effective and the effect of
testing was removed, Since the experimental group (.2) did not
take the pretest but had the treatment before the posttest,
any difference between E2 and C1 should probebly be due to the

effect of the treatment,
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Table 393 Comparison of Cognitive Style Nean Ranky
‘ of Experimental Poattest (52 Post) with
Control Pretest (C1 Pre)

Cognitive Styles

N
3 P A a3
E2 Post 86 106,00 105.50 100,00 87,00
Ci Pro 80 106,00 113,00 96,00  83.50
U T212,5 £089,0 7612.0 7965.5
2 : -0.001 -6,999 3.000 5,00t
v 049202 0.0004r 0. 1641 0,01 13*

* 24 gignificant at p4£0.05

The results in Table 39 show that there wags a significant
decrease in the scores from C1 to E2 for Principles (P) and a
significant increase in the scores from C1 to X2 for Quesationing
{1). There wes alsoc an sppreciable inecrease in the score for
Application (A) but the increase was not statistically
significant. No change cccurred in the scores for Recall ().
It is noteworthy that the changes in P, A and { were all in
the directions expected, Hypothesis 6 was accordingly rejected
for Principles (P} and Questioning (Q) but could net be
rejectod for Recall (R) and Application (A).

In order 1o determine the effect of pretesting comparisons
were nude apong sub-groups of those students who had the

pretest and those who did not have the pretest,
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Table 40 shows the effect of pretesting by comparing the
pretest and posttest scores of the control group (Ci). If the
pretest had any residual effects, it should be evident in the
differences between the pretest and posttest scores of this .

sub-group on R, P, A and Q,

Table 403 Comparism of Cognitive Style llean Ranks
of Control Pretest (C1 Pre) with Control
Posttest (C1 Post)

Cognitive Styles

N R P A 2
C1 Pre 80 106,00 113.00 96,00 83,50
Ct1 Post 80 107.00 107.50 95.00 89,00
u 6350.0 T176.5 6555.0 5554.0
2 -1,000 5.001 1.001. =5,000
P 0.760 0,012» 0.696 0.003*

* 2 significant at pg0.05

The results obtained in Table 40 indicate that there was a
significent decrease in the mean values of P and a significant
increase in the mean value of Q. There was also an increase in
the mcan value of R and a decrease in the mean value of A tut
the changes were not statistically significant at 0,05 level of
significence, The results suggest that the cognitive styles

affected most by the pretest were Principles (P) and Questioning (Q).
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Table 41 compared the experimental group (Z1) and the
control graup (C2) posttest scores, E! had both the pretest
and the treatment while C2 had neither the pretest nor the
treatment, Tims any differences in cognitive style acores
would probably be due to the combined effect of the pretest

and the treatment, if both were effective,

Table 413 Couparison of Cognitive 3Style Mean Ranks
of Experimental Posttest (31 Post) with
Control Posttest (C2 Post)

Cognitive Styles

N
R P A 2
M Paat 82 103.00 105,00 98.00 92,00
C2 Fost 18 106,00 106,00 99.00 90,00
U 6046,5 6433.0 6635,0  6709.0
P -2,002 0,000 0.999 0.999
Z 0,106 0,767 0.697 0,521

The results show that there were decreases in the mean
values of R, P and A while the mean value of Q increased, lione
of the differences in scores, however, was statistically
significant at the 0,05 level of significance, The resultis
suggest that the combined effect of pretest and treatment
produced More questioners and fewer recallers, principlers and

appliers among the students who participated in the study,
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Table 42 shows the comparison of the posttest scores of
the experimental sub-groups El and E2, E1 had the pretest
and the treatment while E2 had only the treatment but no
pretest, Therefore, any differences in cognitive style mean
scores were likely to be due to effect of pretesting alone.

Table 423 Comparison of Cognitive Style lean Ranks
of Zxperimental Posttest (E1 Post) with
Experinental Posttest (22 Post)

Cognitive Styles

N
R P A Q
41 Post 82 103,00 105,00 98,00 92,00
2 post 86 106,00 105,50 100,00 87,00
U 627540 6496,0  6831.0 155440
z ~3.001 -0,999 0,001 3,999
P 0,091 . 0,325 0,932 0,016

* 2 significant at pg0,05

The results of the comparison show that there was a

significant increase in the mean value of Q. The mean values

of R, P and A decreased but the decreases were not statistically
significant at the 0,05 level of significance, This implies that

the main effect of the pretest was to produce more guestioners

and less recallers, principlers and appliers,



247

Pable 43 portrays the effect of pretesting by comparing
the posttest scores of the control sub-groups C1 and C2, O
had the pretest but C2 had no pretest. If the pretest had any
eifect, it would be reflected in the differences in the cognitive

style scores of the two sub-groups,

Table 433 Comparison of Cognitive Style llean Ranks
of Control Posttest (C1 Post) with Control
Posttest (C2 Post)

Cognitive Styles

R P A Q
C1 Post 80 107.00 107.50 95,00 89,00
2 Fost s 106.00 106,00 99.00 90,00
U 6534.5 6839.0 5858,5 6137.5
4 0.999 3.000 -3,000 -1.999
P 0,644 0,131 0,262 0,367

The results in Table 43 indicate that the mean scores
on R and P increased while the mean scores on A and Q decreased,
However, none of the differences in scores was statistically
significont at the 0,05 level of significence, The results in
this case suggest that the preteat had the effect of raising
the values of R and P while lowering the values of A and Q,
This was the exact opposite of the effect expected of the
experimental treatment and which it (the treatment) seems to

have actually had on the cognitive styles of the studemnts,



The summaries of the findings on the effects of the
experimental treatment and the pretest on the cognitive styles

of the students are presented in Tables 44 and 45 respectively,

Table 44: A Summary of the Findings on the Effect
of Experimental Treatment on 3tudents'
Cognitive Styles

Cognitive Styles

Paired Conparisons R P A Q

5l Pre and 1 Post Decreased Decreased * Decreased Increased
El Post end C1 Post Decreased * Decreased Increased * Increased
2 Post and C1 Post Decreased Decreased Increased * Decreased
B2 post and C2 Post Uo Change Decreased Increased Decreased
22 Post and C1 Pre No Change Decrcased * Increased Increased

* Increase/Decrease significant at pg 0.05
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A Sunmary of the Findings on the Effect of

Pretesting on Students' Cognitive 3Jtyles

Paired Comparisons

Cognitive Styles

R P A Q
C1 Pre and C1 Post Increased Increased® Decreased Increased*
Ct Post and C2 fost Increased Increased Decreased Decreased
E1 Post and €2 Fost Decreased Decreased Decreased Increased
E1 Post and 2 Post Decreased Decreased Decreased Increased®

* Increase/Decrease significant at p €0.05

Table 44 shows that essentially the treatnent caused the

mean valueg of R and P to decrease and the mean values of A and Q

to increase.

treatnent became critical questioners and appliers than

recallers and principlers.

In other words more students as a result of the

This suggests that the treatment

in general had the desired effect on respondents' cognitive

atyles.

It seems, therefore, that the teacher-directed

discugsion (TDD) mode of instruction was effective in shifting

students' cognitive styles from predoninantly R and P to A and Q,

In addition, it is clear that the treatment had the most

pronounced effects on P and Q, causing a highly significant

decrease in the fomer and an equally highly significant

increase in the latter.

Hence it appears that the treatment



250

wag gpecifically effective in shifting subjects® cognitive
styles fram predominantly principle-oriented to predominantly
questioning-oriented,

Table 45 indicates that the most significant and mariced
effects of the pretest were on the Principles (P) and the
mestioning () styles., In the case of Principles the effect
of pretest was in opposition to the effect of treatment, It
seems, however, that the effect of treatment outweighed the
effect of pretest as indicated by the results of the comparison
of the posttest scores of sub-groups Ef and C2 (Jee Table 41).

In the case of the Questioning (Q) style the effects of
both the pretest and the treatment were in the same direcction,
nagely to increase the mean value of Q, This implies that the
pretest aided the treatment in helping students to become
critical questioners, The finding is in consanance with
Ausubel's (1963) subsumption theory about advanced organisers and
pricr knovledge which was later extended by Gagne (1968) in his
ideas about learning hierarchies or modes of knowledze

acquisition in science,

Iypothesig 7
The teacher-directed discussion method of teaching (the

experimental treatment) has no significant effect on the interest

profiles of the subjects,
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This hypothesis was tested by means of the same paired
comparigsons between groups in the experimental design as were
carried out for hypothesis 6 using students' interest scores
as measured by the IPI and the Mann-Whitney U test,

Table 46 shows the comparison of the pretest and posttest
scores of the experimental graup (21). If the treatment was
effective, then the posttest scores should be greater than the

pretest scores,

Table 46; Comparison of Interest Mean Ranks of
Experimental Pretest (51 Pre} with
Experimental Posttest (E1 Post)

Physics Interests

< AY M
4l Pre 82 211,50 97.00 94,00
51 Post 82 214,00 95.00 95,00
U 6686,5 6762,0 6667,0
Z 0,999 0,001 ~0.00%
P 0..902 -0.901 0.851

The results of the comparison show that there were increases
in the mean values of T and W and a decrease in the mean value of
A', None of the differences in mean scores was statistically
sigificant, The increase in the mean value of T and the decrease

in the mean value of A' were the reverse of what was expected from



252

the experimental treatment, Therefore, hypothesis 7 could not
be rejected in respect of all the three modes of physics
interest,

Table 47 shows the camparison of the experimental group
(1) with the control group (Ct) posttest scores, If the
treatment was effective, them E} posttest scores should be
higher than C1 posttest scores especially on A' and i, C1
poattest scores were expected to be approximately equal to
C1 pretest scores, assuming that the effect of the pretest

over the eight weeks period was negligible,

Table 47: Comparison of Interest Mean Ranks of
Axperimental Posttest (E1 Post) with
Control Posttest (C1 Post)

Physics Interests

- A' u

C1 Post 80 219,00 9900‘0 94,00

U 6232,0 6150,5 6349.5
Z -6,002 -3,001 =2,000
7 0.267 0,166 0.476

The results of the analysis show that there were decreases
in the mean values of T and A' and a slight increase in the
nean value of M, WNone of the changes in mean values was

statistically significant at the 0,05 level of significance,
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The decrease in T value and increase in M were as expocted,
Thus hypothesis 7 could not be rejected for the three dimensions
of physics interest,

Table 48 presents the comparison of the experimantal
group (E2) posttest scores and the cantrol group (C1) posttest
scores, If the treatment was effective, then 2 postiest scores
should be higher than C1 posttest scores particularly on A' and

i, The C1 group had the pretest but the E2 group had no pretest,

Table 48; Comparison of Interest Mean Ranks of
Experimental Posttest (E2 Post) with
Control Posttest (C1 Post)

— - —-—

——— -

Physics Interests

N 1 A" i
12 Post 86 214,00 98.50 94,50
C1 Post 80 219.00 99.00 94.00
U 6926,0 68690 7022.5
p -3.999 -1.999 =100
P 0.4 0.346  0.610

The results in Table 48 indicate that nme of the Zvalues
was statistically significant at the 0,05 level of significance,
This means that the differences between the 22 posttest and Ci
posttest scores were not statistically significant, However,

it was observed that there were decreases in the mean values
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of T and A' and a small increase in the mean value of . Again
the drop in the mean value of T and the rise in the mean value
of i were as expected, Therefore, the null hypothesis
(ypothesis 7) could not be rejected at the 0,05 level of signi-
ficance for all the three modes of physics interest,

Tue results of the comparison between the experimental
group (:2) posttest scores and the catrol group (C2) posttest
scores are presented in Table 49, This comparison also assesses
the effect of the pretest, Both groups did not take the pretest
tut the experimental group (E2) had the treatment, Accordingly,
if the treatment was effective, then the scores of the experimental

group should evidently be greater than the scores of the control

group.,

Table 49; Conmparison of Interest Mean Ragnkg of
Experimental Posttest (E2 Post) with
Control Posttest (C2 Post)

N Physics Interests

s Al o
2 Post 86 214,00 98450 94450
C2 Post 78 156,00 68,00 63,00
U 10073.5 10310,5 10276,5
4 57,9983 3049990 30,9998
P _ | 0,0000% 10,0000 0.0000%

* 2 significant at p 40,05
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The results in Table 49 show that theZ values for the
three interest modes T, A' and M were all significant at the 0,05
level of significance, Tius, the observed increases in the
mean values of T, A' and M were all statistically significant at the
0,05 level of significance. The increases in the values of
A' and M were as expected but the gain in T was the reverse of
what was expected. Therefore, hypothesis 7 was rejected for all
the three modes of physics interest,

Table 50 shows the effect of the treatment by comparing
the experimental group (E2) posttest scores with the cantrol
group (C1) pretest scores. The comparison also serves as a
further canfimation of the effect of the pretest on the control
group, If the treatment was effective, them .2 posttest scores
saould evidently be greater than C1 pretest scores with the
elfect of testing removed., Since tne experimental graup (:2)
did not take the pretest but had the treataent before the
posttest, any difference between. the scores of 22 Post and C1

Pre was likely to be due to the effect of the treatment,
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Table 50s Comparison of Interest Mean panq of
Experimental Posttest (E2 Post) with
Control Pretest (C1 Pre)

N Physics Interests
T Al 7|
L2 Post 86 214,00 98,50 94.50
C1 Pre 80 213.50 96,50 95,00
U 7300,5 1318.5 7206,0
2 2,001 1,000 0,001
P ‘ 0,701 ' 0,658 0,937

The results of the analysis as presented in Table 50 show
that there was a slight increase in the mean value of T, an
appreciable increase in the mean value of A' and a small decrease
in the mean value of M, None of the Z values was statistically
significant implying that none of the stated differences in the
values of T, A' and M was statistically significant at the 0,05
level of significance, The changes in T and M were the reverse
of what was expected, Therefore, hypothesis 7 could not be
rejected for all the three wodes of physics interest at the
0,05 level of significance.

In order to detemine the effect of pretesting on the
interest orientations of the subjects, comparisons were again

mnade among the sub-groups of students who had the pretest and

those who did not have the pretest,
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Table 51 shows the effect of pretesting an the respondentas’
physics interests by comparing the pretest and posttest scores
of the control group (C1). If the pretest had an effect, it
should be reflected in the differences between the pretest and

posttest scores of this sub-group on T, A' and M,

Table 513 Comparism of Interest Mean Ranks of
Control Pretest (Ct1 Pre) with
Control Postteat (C1 Post)

Physics Interests

T A u
C1 Fre 80 213,50 96,50 95,00
C1 Post 80 219.00 99,00 94,00
U 6117.0 6097.0 6275,0
Z -6,003 -3,001 =1.001
P 0,271 0.243 0,575

The results in Table 51 show that there were no significant
differences betiveen the pretest and posttest scores of the
control (C1) sub-group at 5 percent level of significence, However,
there were appreciable increases in the mean values of T and A
and a small decrease in the mean value of M, The results suggest
that interest in physics topics (T) was most affected while
interest in motives for learning physics (M) was least affected

by pretesting,



Table 52 compared the posttest scores of the experimental
group (21) and the control group (C2). E! had both the
pretest and the treatment while C2 had neither the protest nor
the treatment., Accordingly, any differences in interest scores
were likely to be due to the cambined effect of the pretest

md the treatment, that is if the pretest was effective,

Table 52; Comparison of Interest dean Rankg. of
Experimental Posttest (E1 Post) with
Control Postteat (C2 Post)

Physics Interests

N
? A ¥
&1 Post 82 214,00 95.00 95,00
C2 Post (G 156,00 68,00 63.00
U 933645 9481.5 9445.5
2 55.9999 30,0009 30,9997
P 0,0000% 0.0000# 0,0000%

* 2 significant at p40,05

The results show that the differemnces between the scores
on all three modes of interest T, A' and M were statistically
significant at 0,05 level of significance, There were increases in
the mean values of the three modes of interest, The results
mggest that the pretest was effective in raising the level of
physics interest in all the three dimensions, It was also
observed that the most marked effect of the pretest was again

on T while A' was the least affected mode,
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Table 53 presents the comparison of the posttest scores
of the experimental sub-groups El and E2, 21 had the pretest
and tle treatment while 22 had only the treatment but no
pretest, Thus, any differences in interest scores were likely

to be caused by the pretest effect,

Table 53; Comparison of Interest Mean Ranks of
Experimental Posttest (E1 Post) with
Experimental Posttest (k2 Post)

Physics Interests

N
T A' i
51 Post 82 214,00 95,00 95.00
2 Post 86 214,00 98,50 94.50
U 6634,5 6602,0 6747.5
Z ~3.001 ~1.001 04000
P 0,558 0.513 0,858

The results of the comparison show that no change occurred
in the mean value of T, there was a decrease in the mean of AY
wiile the mean value of M increased by a amall amount, lio
significant differences were cbtained between the scorcs on all
tiree modes of interest at the 0,05 level of significance, This
ncans that the pretest had no effect an T, little or no effect

on | and an appreciable but nan-significant effect on A',



260

Table 54 shows the effect of testing by comparing the
posttest scores of the control sub-groups C1 and C2, C1 had
the pretest but C2 had no pretest., If the pretest was effective,
it would be manifested in the differences in interecst mean scores

of the two sub-groups.

Table 54: Comparison of Interest Mean Ranke . of
Con trol Fosttest (C1 Post) with
Control Posttest (C2 Post)

Physics Interests

N
A u
C1 Post 80 219,00 99.00 94,00
C2 Post 78 156,00 68,00 63,00
U 9115.5 9436,0 9304.0
Z 61,9976 32,9993 31,9993
P 0,0000% O.bOOO‘ 0.0000%

* Z significant at pg 0,05

The rcsults of the analysis indicate that the mean values
in all the three modes of interest T, A' and M increased and
that all the increases were statistically significant at the
0,05 level of significance, The results again suggest that the
pretest was effective in raising the level of interest in each
of the three interest modes, It was also further observed that

e most pronounced effect of pretest was on T, intereat in

physics topics,
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Tables 55 and 56 present the summaries of the findings

m the effects of the experimental treatment and the pretest

respectively,

Table 553 A Summary of the Findings on the =ffect of
ixperimental Treatment on Students' Interests

Paired Comparisons

Physics Interests

T A’ 4
41 Fre and &i Post Increased Decreased Increased
41 Post and C1 Post Decreased Decreased Increased
12 Post and C1 Post Decreased Decreased Increased
42 Post end C2 Post Increased* Increased* Increased*
2 Post and C1 Pre Increased Increased Decreased

* Increase significant at

p < 0.05
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Table 563 A Summary of the Findings on the zffect of
Pretesting on Students' Interests

Physics Interests

Paired Comparisons

T A d
C1 Pre and C1 Post Increased Increased Decrezsed
Bl Post and C2 Post Increased* Increased* Increased+
&1 Post and E2 Post No Change Decreased Increased
C1 Post and C2 Post Increased* Increased* Increased*

* Increase significant at p 0,05

Table 55 shows that the main effect of the treatnent wns
to raise the mean values of the scores on the three modes of
phyoics interest T, A' and M., There was no significant decrease
of interest score in any of the three interest dimensions
particularly the topic (T) dimension where a decrease in score
wag desired, This implies that the treatment raised the level
of physics interest in all the three modes investigated but did
not cause a shift from one interest mode to ano ther,

Gimilarly Table 56 reveals that the main effect of
pretesting was also to raise the level of physica interest in
all the three interest dimensions T, A' and M, The results
suggest that the pretest enhanced the effect of the treatuent

in raisging the levels of students' interests in physics tius
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lending further support to Ausubel's (1963) view of the
inportance of prior knowledge as advanced organisors in
neaningful learning,

It seems that in the present study the pretest provided
the “previous knowledge" whkich servald as suiteble "cognilive

structure" or "advanced organisers" that enabled the learner to

(i) exhibit a higher cognitive style such as
Application (A) or Questioning (3);
(ii) portray a higher level of interest in

phyaics,

The implication is that leamers who do not have such advanced
organisers would find it difficult to develop such "smiperior"

cognitive styles or higher levels of science interest,

4,5 Discussions

The first research problem of the present study was to
identify the pattem of distributicn of cognitive styles anong
the subjects and hence to find out if there were any group
differences in cognitive style amcng the subjects at the tinme
they were entering into the predegree prograume of the Federal

University of Technology, Minna,
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The results in Table & show that at entry into the
predegree proegramne, the distributian pattern of the students®
cognitive styles in physics was P= = A=Q. This general order
of cognitive stylea means that the Principles (P} and Recall (R)
gtyles are nore doninant among the physiecs students thon
Application {A) and Questioning (Q). Similar pattems had bem
obtained in earlier studies for different samples of science
leammers in Nigeria, although in gome cases Recall (i) rather
than Principles (P) was shoma to be the moat dominant of the
four comitive styles (Shuaibu and Ogunsola-Bandele, 1933;
Okebukola, 1084/85; Omoifo, 1986; Ogunsola~Bandele, 1987 and
Abah, 1988), This finding ig in consonance with the results of
other studies in Wigeria which had reported the predominsnce in
Nigerian secondgry schools of teachiﬁg styles that are aore
disposcd tovards the nurture of recall and memorization wcills
(Bajah, 1975; Agwari, 1978; Shuaibu, 1979 and Attah, 1981).

In wore gpecific temms, howaver, the order of cogmitive
stylea {as obiained from Table 6) indicates that the most
dominent style among the students was Principles (P} while
aronticning {Q) was the least. This is in agreement with
Abah's (1988) finding for different samples of students studying
physics and biology at the secandary, predegree and undergraduate
levels of education in Zaria area of Kaduna State, Higeria, TFor
biology students at the three levels the same order of cognitive

styles wag obtained, namely P~ A- R- Q. For the secandary and



265

predegree physics students the order was P- R A- Q while the
pattem was P- R~ Q- A for the cognitive styles of undergraduate
physics students, Omoifo (1986) obtained the pattem P-IR-A-Q
for the cognitive sfyles of a sample of SB3 biology students
at Almadu Bello University, Zaria., Physics and biology students
in Nigeria seem generally to resemble Israeli high school
children who had a cognitive style pattem of P=f-A-3 (Tamir
and Kempa, 1978).

In the case of lligerian chemistry students at the secondary,
predegree and undergraduate levels the same order (R~ P- A~ Q)
of cognitive styles has been identified (Shuaibu and Ogunsola,
1983; Omoifo, 1986 and Abah, 1988)., It seens that in Nigeria
physics and biology leamers are predominantly principlers while
chenistry students are mostly recallers, 1t is reasoned that
this observed difference in the most dominant cognitive style
aiong Higerian physics and bioclogy students on the one hend and
their chemistry counterparts on the other may be attributed to
tiie nature of the science disciplines in question, Unlike
physics and biology, chemistry by nature is made up of a
knovledge content canprising a myriad number of symbols, formmulas,
terms, specific facts and relationships, reaction equations, and so
on which requires a lot of rote learning and memorization lor

effective grasp.
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The pattems of distribution of cognitive styles of
subjects as shown in Table 6 also suggest the equivalence
in cognitive styles of the groups of students at the start
of the experiment. This was confirmed by the results of the
analysis presented in Table 7 which were used to test
hypothesis 1{a) of the present study., The Mann-/hitney U test
ghoved no significant differences (at the 0,05 level of
significance)in the cognitive style mean scores of students in
the experimental (E1) and camtrol (C1) groups on the pretest,
The secand research problem had to do with the pattern of
distribution of interest orientations of the subjects and the
equivalence of the experimental and cmtrol groups of students
with respect to physics interests at the start of ‘tha experimen t,
Table 8 shows that at entry into the predegrece course the
general order of distribuytion of students' physics intercsts
wvas T=A'-l, This means that students' interests was highest in
piysics topics and lowest in motives for studying physics. The
result is probably another reflection of the dominance in
liigerian schools of teaching styles oriented more towards the
exposition of science facts and principles rather than towards
the teaching of science process skills or the social roles of

the scientific enterprise,
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The results in Table 9 canfim the equivalence of the
azpeﬂ.mmtal and control groups with respect to the physics
interests of subjects at the point of entry into the predegree
course, The Mann-hitney U test which was used to test
hypothesis 1(b) revealed no significant differences in
interest between the experimental and the cantrel groups of
students who tock the pretest,

The third and fourth research questions were concerned with
the identification of differences in the cognitive styles and
physics interests of subjects in relation to their gender, age
and future career aspirations, Hypothesis 2(a) which states
that there are no significant differences in cognitive style
between male and female students that participated in the study
could not be rejected at 0,05 level of significance (Jee Table 11).
It was cancluded that there were no gender differences in
cognitive style among the students who todk part in the study,
This result is in agreament with earlier findings by Tanir and
Keanpa (1977), Shuaibu and Ogunsola (1983) and Joe (19563)..

Table 10 actually shows that females scored higher than males

in P and R while male students scored higher in A and Q than
their female counterparts but the differences (as shom in
Table 11) were not statistically significant beyond the 0,05
level of significance, This researcher did not come across any
study on cognitive styles in Nigeria which reported significant

gender differances in the cognitive styles of sudbjects..
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50 far it is mly among Israeli children that any meaningful
sex-related differ:nces in cognitive styles have been observed.
Tamir (1975) found that male students in a sample of 989
Isrceli 12th grade biology students (468 males and 521 fauales)
showed higher preference for Q and A while female studants had
higher preference for P, The study also revealed significant
interactions between gender and type of curriculum studied,

The results suggested that the type of curriculum studied
affected female students' cognitive styles more than that of

the males, In another study Tamir and Kempa (1978) investigated
the cognitive styles of a sample of Israeli 10th graders

(i = 599) across three science disciplines of physics, chemistry
and biology., The results of the study revealed only two scx-
related differences in cognitive style, namely: boys had a
igher P-score in physics than girls while girls had a higher
P-score in chemistry than boys, In all other comparisons there
were no significant differences, The two differences w7ere
cmgidered by the amthors to be rather small since three different
gscience disciplines were involved, In Nigeria it does seem that
gender exerts little or no influence on the cognitive styles

of science learmers,

liypothesis 2(b) which states that there are no gignificant
difierences in physics interests between male and female
students who participated in the study was rejected at 0,05 level

of significance, It was, therefcre, cmcluded that nale and
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fanale students differred significantly in the orientations
of their physics interests, The results (See Tables 12 md 13)

showed thats

(i) Male students scored consistently higher than female

students in all three modes of physics interest,

(ii) The order of physics interests was T - A' = M for

both male and female students,

The results corroborate the findings reported by earlier
studies (Cardner, 1974, 1985; Hasan, 1975 and Haussler, 1987).
In surmmarizing the findings of such earlier studies Gardner
(19685) had stated that "males are more likely to be interested
in physics and technology, in understanding how things woxk

eand in learming practical skills", The low interest of fanales
in tecinology is even reflected in the proportion of famale
students who enrolled in the predegree programme of WUT, liinna
and who constituted the subjects for the present study, Of

the 326 students who participated in the study, only 69 of them
(21 percent) were females, The university offers only science
and tecimology-~based courses,

The order of physics interests shows that students'
interests were greategt in physics topics and least in motives
for studying physics. The same order of interests was obtained
for the combined group of boys and girls (See Table 8) and showS
that the order of students' interest orientations is

independent of gender,
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Hypothesis 3(a) states that there are no significant
differences in cognitive styles between students of differemt
ages who participated in the study. The results of data
analyses to test the hypothesis (See Tables {5 and 16) show
that hypothesis 3(a) could not be rejected at 0,05 level of
_aimificance.lt was cancluded that students of different ages
who participated in the study did not differ significantly in
their exhibitian of cognitive styles in physics, The researcher
did not come across any report of an earlier research study which

investigated the relationship between cognitive styles and age.
Tanir end Kempa (1978) examined the relationship between
cognitive styles and grade level (or year in school) among a
group of talented high school students in the United States,
They found that students in higher grades on the average had
lover preference scores for R and higher preference scores for
P. The results of the present study suggest that cognitive
styles are independent of age,

The results of the analyses also indicate that 85,8
percent of the students were between 18 and 22 years of age
while about two-thirds of the students (67.3 percent) were
betwveen 19 and 21 years., This suggests that most of the students
were fresh school leavers who had just campleted their 3chool
Certificate courses. The sample may, therefore, be said to be
relatively homogeneous with respect to age. It is also noted
that the general order of cognitive styles (P-R-A-7)) was the

same for students of different age graups,



27N

liypothesis 3(b) states that there are no significant
differences in physics interests between students of different
ages who participated in the study, The results of the data
analyses used to test this hypothesis as presented in Tables 18
and 19 show that the hypothesis was partially rejected in
respect of motives (i) for studying physics but could not be
rejected in respect of physics topics (T) and activities for
learmning physics (A'). It was concluded that students of
different age groups differred significantly in their intercsts
in motives for studying physics but did not differ sigificantly
in their interests in physics topics and activities for lecarming
physics, The age group with the largest number of students (the
19-21 yecars group) had the highest M-score followed by the
22-24 years group while the yongest age group (the 16-13 ycars
group) had the least M-score,

Although no significant differences in intersst wvere
identified between students of different ages in respect of
? and A', the following gemeral pattems which emerged from the
data analyses are noteworthy:
(i) The gmeral order of interest profiles, T-A'-l, was the

same for all age groups, This shows that each age group

had their highest interest in physics topics and their

least interest in motives for studying physics,



272

(ii) Interest in physics initially increased between 16 and
21 years but tended to dwindle between 21 and 27 years
as students got older., This trend has been reported in
earlier studies and seams to be sharper in physics and
chemistry than in biology (Cardner, 1985; Haussler, 1987).
In many countries and for many students science appears
to be a subject that is initially liked but which latler

comes to be disliked and discontinued,

Ahlgreen (1969) had sought to explain this decline of
science interest with age by means of the colourful
analogy of the "seven-courge meal effect": one enters
the restaurant but after a massive dinner, one's lunger
is satisfied and food becomes less appealing, OUnes
however, wonders why the seven-course meal effect should
be applicable to science subjects alone (particularly
physics and chemistry) and not to all school subjects,
Gardner (1985: 17) has pointed out that the analogy
(thouzh ingeniously conceived) would have applied to all

school subjects if it were valid,

Hypothesis 4(a) which states that students in the four
groups of the experimental design who aspire to different carecrs
in science and teclnology do not exhibit significantly
different cognitive styles could not be rejected at 0,05

level of significance. All the calculated Kruskal-.allis H

values were less than the critical value at the 0,05 level of
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siznificance (See Table 22), This means that students' future
carcer expectations were not influenced by their cognitive siyles
in plysics, Tamir and Kempa (1977) bad found some significant
relationships between the cognitive styles of first year college
students in Israel and Canada and their career expectations,
liedical students who would like to work in clinics tended on the
average to be highest in R and lowest in Q thereby possessing a
nezative 3-R mean score. Those aiming at teaching aad
university carcers had the highest Q-R score.

Kempa end Dube (1973b) had proposed two cognitive siyle scales.
nomely: the R-Q curiosity scale representing measurcs of a
peraon's scimtific curiosity or his comnitment to the learning
of scimce znd the A-P or scientific utilization scale ncasuring
o individual's vocational science orientation towards "pure
science™ or "applied science", A high R and a low ) implics a
low ccore on the scientific curiosity scale, Similarly a high P
and low 4 indicatecs en inclination towards "pure science" wliile
a low P and high A points to a leaning towards "applicd science”.

ibah (1968) found that pure and applied science undergraduates
of fering physics courses at A.B.U., Zaria during the 1986/87
acedenic session differed significantly oo P and A butnot on 2
and Q. The pure science undergraduates were co.e inclincd tovaxds
Principles (P) and less inclined towards Application (1) than the
arplied science undergraduates as would be expected.

In ithe present study, although the differences wverc not
gtatistically signirficant, it should be noted that the rezults
have sugcested that students who aspired to careers in

e;ineering scored (i) highest in A and lowest in P and
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(ii) high in R and lowest in Q. This implies that this group
of students had a strong orientation towards "applied science"
but had a low score in the curiosity (R-Q) scale as expected.
On the other hand, students hoping to take up careers in
computer science were low on the R-Q scale and were inclined
tovards "pure science", They had the highest R-score and low
Q-score, highest P-score and least A-score,

The group classified as "others", i.e, those studmts
aspiring to careers other than engineering and computer science
also hnd the least R-score and the highest -ccore which implies
a high mean score on the curiosity scale, They were also low
in A and high in P, indicating an orientation towards "pure
gcimce”, This group, it should be recalled, included studats
who hoped to become academicians, nuclear physicists, biologists,
microbiologists, geophysicists and so an, It is, therefore,
noted that, although they were not statistically significant,
the relationships between cognitive styles end carcer expectatias
of subjects were in the directions expected and reconfirmed
Kempa and Dube's (1973b) scientific curiosity (R-9) and
scientific utilization (A-P) scales.

Hypothesis 4(b) which states that students in the four
groups of the experimental design who aspire to different careers in
gcience and technology do not exhibit significantly different physics

intercsts was accepted at 0,05 level of significance, None of the
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L valuea of the Kruskal-Tallig test was significant at the

5 vercent level of significance (See¢ Table 25), This suggests
that studenis' career expectations did not depend on their
physics interests, However, the results of the analysis

presented in Table 24 show thats

(i) 3Students who were aspiring to careers in engineering
had the highest mean interest scors om all taree modes
of physics intereat T, A' and M. This is not surprising
since {just like matasmatics) physics is a strmg
prerequigsite subject for enmrolment into g course in
mgincering. Students with low interest in physics are
not likely to seek anrolment or to fare well in courses -

leading to the engineering profesaion,

(ii) Students expecting to toke up careers in computor science

| had tho lowest nean scores in interest in physics
topiecs (T) and interest in motives for studying nhysics ().
Thig is also as should be expected since computer science
i'equires prospective entrants to be mainly proficient in
mathematics, Physics is hardly a requisite subject either
for entry into the profeasionlor for tacding up courses

leading %o the profesazion,



276.

(1ii) The proportion of students expecting to take up
careers in mgineering and computer sciaice
constituted 83.3 percent (135 out of 162} of the
total ganple of studenta studied. Being a university
of technology the Federal University of Tecimology,
Minna offers only applicd science or techmology courses,.
Students who apply for admission into the univeorsity
(even into the predegree programme of the university)
would be those who are from the outset interested in
applied science courses such as engineering and computer
science, . |

{iv) The order of phyaics inter.ests was T=A'-i{ for the
groups of students aspiring to be engineers and
computer scientists, Ior students hoping to enter
into other occupations the patiem of distribution of
physics interests was Tl-A' ghowing that all the cereer.
groups had their highest level of intersst in physics

topica ().

The fifth research queétion ﬁad to do with the idaltification
“of reiationships between cognitive styles and physices interestis
of the subjects. The prospects of predicting learners' cognitive
styles through knowledge of their physics intercsts {or vice

versa) seem rather low, Pearson product-moment correlations betwee
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overall cognitive style mean scores and overall interest mean
scores (Table 26) show that only interest in actiﬁties for
leaming physics (A') correlates significantly with the
Application (A) cognitive style (r = 0,168), Ixcept for the
approciably strang but non-significant correlation (r = =0.131)
between interest in motives for studying physics (i) and the
Frinciples (F) style, all other correlations were weak,

The low correlations betwecen R, P cognitive styles and T
intercst mode are rather surprising, High mean scores in R
and P are expected to be camgruent with high interest in
plysics topics (T) but this does not seem to be supported by the
data of the present study,

liowever, more significant correlationg were obtained when
cognitive style scorcs in different physica topics were
correlated with the scores in the varicus sub-dimensions of the
three main dimensions of physics interest investigated, Table 27
shows that R3 (recall style in optics) was significantly and
nogatively correlated with T, T4, T6 and T7 and also reascnably
and negatively (thouga not significantly) correlated with T1
and T5. This suggests that students who are low in R in optics
are likely to have high interest in leaming physics gaerally
and particularly in studying mechanics, electricity, magnesti=a,
waves and sound, The result is interesting and instructive and
has useful implicatimns for physics teaching and curriculum

development, One such iwmplication is that teaching optics in
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a way that discourages recall and memorization among leamers
is likely to promote (among the students) the development of
high interest in (i) physics generally, and (ii) mechsnics,
electricity, magnetism, waves and sound specifically, This
gseans to provide a useful short-cut to a much desired
pedagogical outcome, a sort of "killing so many birds with

a single stone"!

The correlation matrix in Table 28 reveals no statistically
significant correlations at 0,05 level of significance, However,
the reasonably strong but non-sipgnificant correlations betieen
(a) Py and 77, and (b) P4 and T2 again suggest that teaching
nechanics in such a way as to promote the development of low
preferance for Principles (P) and electricity in such a way
as to further the development of high preferance for Principles
() would promote high interests in sound and heat respectively,

The results in Table 29 show that a learner who is high
in Application (A) in physics generally and optics (.3)
specifically is likely to have high interest in electricity (Ty).
Similarly students who have high interest in optics (T3) are
likely to be low in Application (Ay) in mechanics while learners
wino have high interest in waves (76) are likely to be high in
Application (A3) in optics and low in Application (15) in

ma;netism,
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Table 30 shows only two significant and positive
correlatims: Questioning in heat (Q2) with interecst in
optics (T3) and Questioning in sound (Q7) with interest in
heat (T2)., Six other reasmably high but non-significant
correlations (three positive and three negative) are as

indicated in the table, The correlations imply thats

(i) oOtudents who are low in questioning in ei ther
mechanica (Q1) or electricity (Q4) are more likely
to have high interest in heat (T2),

(ii) Students who are strongly inclined towards
questioning in heat (Q2) are likely to be
highly interested in electricity (T4) specifically
and physics (1) generally,

(iii) .hereas a critical questioner in optics (133) is
likely to have high interest in sound (77), a
critical questioner in electricity would tend to

have low interest in magnetism!

Table 31 reveals significant negative correlations batwea
5 (recall style in optics) and A', A'y and A’3. The results
here are similar to what was obtained in Table 27 and suggest
that non-recallers in optics are likely to have high interest
in activities for learning physics generally and specifically

in leaming physics by reception and in engaging in higher
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cognitive operations in physics, TIn all these cases OFP TICS
stands out among all branches of physics as an arca teachers
neod to take good care of how they handle in real elassroom
situations. It seems that the way OPTICS is taught might
influcnce numerous dimensiqna and sub-dimensions of learnerst
intereata in physies,

ine non-gignificant but appreciably strag correlations
between Rg (recall style in magnetism) and A'y (interest in
reception leaming) suggests that recall style in magneiism
has a similar tut weaker relationship with interest in
learning physics by reception as does recall style in optics.

Results in Table 32 indicate that only two correlstions
are statistically significant, namely, the negative
correlation of (i) Py (principles style in mechanics) with Mo
(interest in physice-related careers), and (ii) P7 (principles
style in sound with A'; (interest in leaming physics "by
doing"), Sevon other reasanably high but non-significant
correlationg were also revealed as indicated,

The negative correlation between Py and i is shown to
be mora gpecifically focussed on IMg and stiggests that students
who are low on fundamental principles (P} in mechanics are

lilkely to be highly interested in physics-related carcera,
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The negative relationship between A'2 (interest in leaming
plysics "by doing") and the Principles (P) style in physics is
shovn in more specific terms as the significant correlation
between A'» and P7 (principles style in sound) and the wesker
nen-gsignificant relations of A's> with P4 (principles style in
electricity) and P5 (principles style in magnetism), The
seening apathy of principlers towards leaming physics "by
doing" is to be expected since students who are high in P would
tend to lean more towards "pure science" rathar than show kean
interest in the practical or scientific uses of physical
mowledge,

The suggestion that students who are highly motivated to
study physics because of its social importance are unlikely to
focus on fundamental principles in leaming or dealing with
knovledge cantent in the area of heat is instructive, Iore
research is required to investigate and to understand more
clearly the relationship of the Principles (P) style with the
various dimensions and sub-dimensions of interesat in a sciance
subject such as physics, It should be recalled that no
statistically significant correlations were cobtained betiveen
the Principles (Pi) style and the interest (Ti) in differemnt
physics topics (See Table 28),

Table 33 revealed a number of significant correlatims
between the Application (Ai) style and the interest (Ai; Mi)

sub-modes,
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The positive and significant correlation between A1 and
i, U2 implies that students whose predominant cognitive style
in mechanica is application would in general be highly motivated
to learn physics and specifically tend to study physics because
of the prospects of taking up physics-related carcers in the
future. A similar but non-significant relationship between A%
and 11 was also indicated, This means that physica teachers
should focus not merely in making students "non-principlers”
(See Table 32) but specifically in making them "appliers" in
the ai'ea of mechanics in order to nurture high intereat inld
(2otives for learning physics) generally and M1 {social aspects
of physics) and M2 (physics-related careers) specifically,

The strong, positive and significant relationghips between
A3 (application style in optics) and A’, A'2 and A83 renind cne

of the following major relationships identified earlier:

(i) R3 (recall style in optics) negatively correlated with
T, T, T4, T5, T6 and T7 (Tadble 27); |
(ii) A3 (application style in gpticg) positively correlated
with ™4 and T6 (Table 29);
(iii) R3 (recall style in optics) negatively correlated with

A', A'1 and A'3 (Table 31).

The implication of all this for physics education is simple and
clear, namelys physics teachers should discourage the murture .

of the "recall" style (R) but rather emphasize or concentrate
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on the nurture of the "application" style (A) in the teaching
of OPTIC3 in order to promote high levels of leamers'
interests in various aspects of physics.

There is also an indication in Table 33 - in the
relationship between A5 (application style in magnetim) and
A', A'"1 and A'2 - that students who are appliers in magnetim
would tend to be highly interested in learning physics
particularly by reception and to a lesser extmt by doing,

The relationship betwean A and A' initially portrayed in
Table 26 and amplified or further elucidated in Table 33
suggests that the relationship is specifically between A and
A'2 on the one hand and between A and A'J3 on the other, although
these latter correlations were not statistically significant,

The Questioning (Q) cognitive style seams to offer little
promise as a potential predictor of learners' interests in
physics., No significant correslations were obtained betwean
gcores in critical questioning styles (Qi) and the sub-scores
(A'i, Mi) on the activity and motive dimensions of interest
respectively (Teble 34), However, the relatively strmg but
non-significant relationship betwean Q2 (questioning style in
heat) and M (motivation for learning physics) appears to be
specifically directed on M1 (interest in social aspects of
phyaics), It seems that a queationing style in heat ias
congruent with a strong interest in learning physics becanse

of its social implications,
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The sixth and last research question of the present study
dealt with the modifiability of cognitive style profiles and
interest orientations of subjects through the TDD method of
teaching (the experimental treatment) employed,

The data analyses presented in Tables 35 to 39 were used
to test hypothesis 6 which states that the teacher-directed
discussion method of teaching (the experimental treatment) has
no significant effect on the cognitive style distribution of
the subjects, The effects of the pretest on subjects' cognitive
styles are outlined in the data analyses shoan in Tables 490 %
43, The sunmaries of the findings on the effects of experinetal
treatment and the pretest on students' cognitive styles are
presented in Tables 44 and 45 in temms of the effects of
trcatment and pretest on particular cognitive styles of the
experimental group relative to the cognitive styles of the
control group,

Table 57 presents the summary of the findings on the
effect of the experimental treatment on: the cognitive siyles
of respondents in terms of the relative advantage of the
experinental class (&) over the camtrol class (C) as a result
of the treatment, The aim in the study was to shift students'
cognitive styles fram predominantly P and R to A and Q and more
specifically from P to Q. The advantage which was estinated in

tems of difference in meen scores is cansidered positive
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(3-C = #+ve) if the difference implies change in the desired
direction (that is, a decrease in the mean values of P and R
and an increase in the mean values of A and Q) and negative
(3-C 5 =-ve) if the difference implies change is in the reverse
of the expected direction, The advantage is nil or zero

(3-C 5 0) when there is no difference in the mean scores of

the cognitive styles of the experimental () and control (C)

group s,

Table 57: A Summary of the Findings on the Zffect
of Ixperimental Treatnent on Students®
Cognitive Styles

Cognitive Styles

Paired Comparisons

R P A Q
1 Pre and 21 Post +ve +VE* -ve +Vor
21 Post and C1 Post +ver +ve Vo +ve
2 Post and C1 Post +ve +ve +var -ve
2 Post and C2 Post 0 +ve +ve -ve
2 Post and C1 Pre 0 +ver tve +veor

98

+ve means the treatment is effective in degired direction

—-ve means the treatment is effective in the reverse of
the expected direction,

0 means the treatment has no effect

* meens the effect of treatment is significant at p<£0,05,
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From the summaries in Tables 44 and 57 it i3 inferred
that the TUD mode of instruction was effective in shifting
the cognitive styles of subjects not only from P to Q but also
from P, R to A, %@ Out of tke five paired sub-group comparisms,
the treatment had effect in the desired direction in three of the
comparisons for the Recall (R) style and in one of those throe
cagses the effect was statistically significant, In the rmmaining
two cases, the treataent had no (zero) effect on the recall
style, ®or the Prianciples (P) cognitive style the trcatment was
e-fective in the desired direction in all five cases and in two
ol the cases (&1 Pre compared with =t FPost scores and E2 Post
compared with C| Pre scores) the treatment effects wore highly
simificant statistically (pé0.0S).

For the Application (A) cognitive style, it was only in one
out of the five cases that the treatment effect was not in the
degired direction and the difference in the said case was not
statistically significant, In two of the four cases in which
trcataent effects were in the desired direction the differences
in cognitive styles were statistically significant, Out of the
five paired comparisons, it was anly in two cases (.2 Post with
C1 Post scores and 2 Post with €2 Post scores) that the
treatnent produced an effect in the reverse of the expected
direction for the Questioning () style and the effects were not
statistically significant., In two out of the other three cagses

in which differences were in the desired direction, the treatment
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effects were highly significant statistically (P§°'°5)° The

data have thus shown that it is possible to shift the cognitive
styles of (physics) students from predominantly Principles (P)

and Recall (i) to Application (a) and Questioning (2) by means

of the teacher-directed discussion (TDD) mode of instruction,

Lore specifically the TDD method of teaching has been showm to

be effective in moving students cognitive styles from predoninantly
Principles (P) to Questioning ().

Tne summary of the findings on the effects of pretesting
(7able 45) suggest that the nain effect of the pretest was %
increase the mean values of the cognitive style, This effect
wos most pronounced (and statistically significant) on
Principles (P) and Questioning (Q) tus enhancing the effect of
treatmont an Q but reducing the effect of treatment on P.

In a similar study Ogunsola-Bandele (1987) found cmﬂnci.ng
indications that cognitive styles of leamers could be giifted
from predominantly Recall (R) to Questioning () by means of
the Difining Issue Discussion (DID) mode of instruction, The
present study has demonstrated in a more canvincing manner that
cognitive styles are modifiable, In particular it has showm
that cognitive styles can be moved from predoninently P and R 1o
A and Q using the teacher-directed discussion method of teaching,
Perheps the apparently more convincing results of the present

study may not necessarily be due to the superiority of the



toacher-directed discussion over the defining issue discussion
mode of feaching., The differences in results may be atiritutable
to the disparity in the duratiunz of the experimental treaiments
in the two studies, Im Ogunsola-Bandelo's study the ireatment
waa given for amly threo weeks while in the pregent study the

treatment way given for a period of eight wecks,

Hypothesis 7 which states that the teacher-directed
discugsion method of teaching (tho experimental treatment) has
no significant effect an the interest profiles of the mubjects
wa3 tested by means of the data analyses showmm in Tables 46.50,
Tue effects of the pretest on students' physics interesta are
outlined in the data analyses presented in Tables 5i-54, The
summaries of the findings on the effects of the experimatal
treatmmt and the pretest on the physics intervsts of subjects
are aoct out in Tablaea 55 and 56 respectively in tems of the’
effect of treatment and pretest on specific intervst nodes of
the euperimental group relative to those of the control group..
Table 58 shows the summary of the findings on the effect of the
treatment on students' physics intereats in terms of the relative
| advahtage of the experimantal (E) group over the control (L)
group as a result of the t{reaiment,

The object (in the present study) was to shift learnerst
interests from predominently T to A' and M, The treatment

gifect wea cmgidered positive (E-C = $ve) if the corresponding
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difference or change in interest mean scores is in the desired
direction (i.e. a decrease im T and an increase in AY, II) but
negative (B-C = -ve) if the corresponding differmce in

intercet mean scores is in reverse to the expected direction,

Table 58: A Summary of the Findings on the Iffect of
Experimental Treatment on Students' Intercata

Physics Interests

Paired Comparisons

T AY 58
If Pre cnd 3 Post _. -ve -ve +ve
i1 Post and Ct Post +ve -ve Ve
2 Post and C1 Post +ve -ve Vo
2 Post and G2 Post -7 it C Var +vok
2 Foast and C1 Pre -ve +ve -ve

X

$ve means the treatment is effective in degsired direction

~ve mneansd the treatment is effective in the reverse of the
gxpected direction,

* means the effect of treatment is significant at p 40,05
The summaries in Tables 55 and 58 indiczte thot the TDD

mode of teaching was not effective in moving students' physics
interests either in the desired direction (T %o A?, M) or in

any otlier direction for that matter, Rather the instrmctioal
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node was effective in raising the mean values of interest scores
on all three modes of physics interest, namely: Topic (1),
Activity (A') and Motive ().

The treatment was effective in the desired direction
for the Topic (T) interest mode in only two out of the five
cases of paired sub-group comparisms and in none of the two
cages wos the said effect statistically significant, In the
remaining taree cases the effect of treatment was in the reverse
of the expected direction (i.e, increase in T) and in one of
the three cases (2 Post compared with C2 Post scores) the
increase in T was nighly significant statistically (péﬂ.os).
For the Activity (A') mode of interest, the treatment eifecct
was in the desired directiom in two ocut of the five paired
comparisms and in one of these two cases (22 Post compared
with (2 Post scores) the effect was highly significont (p Q0.0S).
In none of the other three cases where treatment effect wms in
the oprosite direction was the difference in interest scores
statistically significant,

The treatment was effective in the desired direction in
four out of the five cases of paired comparisong for the
Xotive (..) interest mode and in one of these four cases (.2
Post comparsd with C2 Post scores) the effect was again highly
significant statistically (p$0.05]. In the remaining single
case (2 Post compared with C1 Pre scores) the effect was in the

reverse direction and was not statistically significant,
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It ia, thug, evident that the experimental treatment was
effective in producing asignificant gains in interest mean
gcores an all modes of interest but not in shifting the intereats
from cne mode to another, The result is an eloquent vindication
of the assertion by Sund and Trowbridge {1973) that a major
advantage of the discussion method of teaching is that it
"7ells up the interest of the students™ because thay actually
varticipate in the learning process, |

The main effect of pretesting as clearly shown in Table 56
vas (ag in the case of cognitive styles) to increase the mean
valués. of physics interests in all the three modes investigated.
tims playing the Ausubelian prior kmowledge role as "advanced

organiser®.



Chapter 5

Se1 Introduction

In this final chapter the aims of the study, its design,
procedure, results and conclusions are sumnarized, The
generalizations arising from the study, the problems
encountered and the limitations to the study are precented,
Tne implications of the results of the study for scicnce
elucation in general and physics education in particular are
uiscussed and the chapter then ends with some recommendaticns

and a few suzgestions for further research,

5.2 Sammary and Conclugiong

This study atteapted to investigate the cognitive styles
and physics interests of a group of postsecondary physics
stwients, The subjects were predegree students of the Federal

University of Tecmology, ilinna, Niger State, Nigeria,

292
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‘The purposes of the study were to
(i) ascertain the patterns of distribution of the

cocnitive styles and physics interests of subjects;

(ii) explore the decendence of cognitive styles and
ph, sica interests of subjects on gender, age and
career expectations;

(iii) <£ind out if cognitive styles of a physics lecawmor
is related to his/her PhYSlCS interests; and

(iv) examine the possibility of shifting cognitive
style profiles and interest orientations of
subjects in a desired direction using the TDJ

metiiod of teaching,

A 40-item physics cognitive style test (FC3Y) and a 105-
item ohysics interest scale (IFI) each covering all but one
(7 out of 8) major physics content areas were desigmed, The
FUST followed the format suggested by Heath (1964) while the
1.1 followed the pattermn provosed by Gardner (1985) and employed
by Haussler (1987), Cardner and Toon (1988) and Cardner and
Tenir (1989). These two instruments were validated by Tive
seconlary school teachers (face validity) asd a panel of temn
judges comprising physicists and science educators (content
validity)., A pilot study was carried out to test the instruments

and estimate their reliability coefficients, The reliabilily

of the PUJT was 0,91 while that of the IPI was 0,99, The
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reliability coefficients of the respective sub-scales of the
two instruments were as follows; R= 0.85, P = 0,86,
A=0,86 and Q = 0,86 for the PC3T sub-scales and 7= 0,92,
A= 0,92 and M =0,89 for the IPI sub-scales, These
reliability coefficients were all statistically simificantat 0,05
level of significance and were comparable to those reported
in the literature in science education,

“ie class of 360 predegree physics students of the
Jederal University of Technology (¥UT), linna were randonly
divided into two groups, an experimental and a control sgroup.
Thege two groups were further each sub-divided into two nain
gubegroup s one of which was given the pretest, The arrangenont
conforaned to the 3olomon 4-way (pretest, posttest, control
croup) design  as described by Campbell and Stanley (1963).

The following hypotheses were tested:

Iypothesis {
1(a) Tiere is no significant difference in the co:nitive
styles of the four groups of physics students in the

exnorinantal design using Heath's four-mode dimension (Recall,

Frinciples, Application and Questioning) of cognitive atyle,

1{b) There is no significant difference in the physics
interests of the four groups of students in the ex-erinamtal
degign using the three-dimensional model (Topic, Activity and
iiotive) of interest proposed by Gardner (1985) and recently
employed by Haussler (1987) and Cardner and Tamir (19€9).



295

The NMeann-Thitney U test showed that the Z. values
potained for all cases of comparison of cogitive gtyle and
interegt scores of the experimental and control zroups' preteat
acores were not statigtically significant a$ the 0,05 lovel ¢of
sigmificance, Hypotheses 1(a) and 1({b) were not, thersfore,
rejected, It was camcluded that at the start of the experiment
all the experimental and cantrol groups in the rescarch design
were equivalent with respsct to both cognitive styles and
intercats. | |

The general order of comitive styles for fhe studenta 7aa
P-f=A~(y showing that in gomeral terms subjects were move of
principlers and recallers than appliers and critical mestioners,
In grecific terms the most dominant single style among the
studente was Principles (P) while Questioning (1) was the least
dominant, Similarly the general order of orietations of
piyaice interests among the students was T-A'-M implying that
students' physics interests were highest in physics topics

{7} and lowest in motives (¥) for studying physica,

Hypothesig 2
2(a2) Tere are no significant differcnces in copnitive styles

betuom mals apd female students who participated in the study,

2(b) There are no significant differences in 'ph,ysica interosts

between male and female students who participated in the study.



296
The Xann-'/hitney U test showed no significant difference at

0,05 level of significancebetwem any of the pairs of comnitive

atyle scores -f mals ond female studenis, Fypothesia 2(»)

could, thorefore, not ba rejocted., 1Tt wns coneluded that mnle

oand faiale students who participated in the gtudy did not

differ asignificantly in their exhibition of comitive styles,

Tie order cf cognitive styles was also found to be the sane

(P=-0=2=7) for male and female students,

The Umnn-vhitney U test yielded significent difrferances
ot 0,05 level of gignificence in interest scores of nale
and female subjects for the three modes of intercst. I!fypothesis
2(b) was, therefore, rejected. It was concluded that nale
students differed significantly from their famale couniermarts
in the orientations of their physics interests, lales were
consistantly more interested in physics than females in all the
three modes of interest explored,

The proportion of feamales in the experimental and control
groups that had the pretest was approximately 21 per cent, an
additional evidence that females are less interested in piysics
than males,

The order of physics interests was the same (I=A'-l) for
male wnd female students geparately as for the combination of
both males and females,
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Hypothesgis 3

3(2) There are no significant differences in cognitive styles
batween stulents of different ages who participated in the
study.

3{b} There are no significant differences in physics intorests
vetwcen students of different ages who participated in the

study.

The Kruskal-allia one-vay analysis of variance (WO0V.A)
revealed no significant differences between the .cognitive style
mean ranks of students of different age groups. Uypothesis
3{a) was, thereofore, not rejsctels It wes concluded that
students of different age groups who participated in fthe study
did not differ significantly in their exhibitimm of cocpitive
stylés in physics.

The general order uf cognitive styles rammined P-DR='=n
for students of all age groupd.

Similar analy‘sis of interest mean rank scores for subjects of
different age groaups showed that there were significant
differences in only the motive (M) dimension of physics interest
‘at 0.05 level of significance, Therefore, hyvothesis 3(b)
was partially rejected in respect of M but could not be
rejectod in respect of T and A'. The inference was that the

plysics interests of students of different age groups differred

only in respect of interest in motives for studying nhysics
but not in terms of interest in physics topics or interest in

activities for leaming physics,
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Generally students' interests in physice first increased
between 16 and 21 years and then fell steadily between 21 and
27 years as students became older,

The generszl order of physics interests was T-A\'-1 for
studemits of all age groups, cach group scoring hichest in T
and lowest in M,

Tro-thirds of the students (67.3 per cant) in the cyperi-
mental and control groups wio had the pretest were hetween 19
and 21 years wiile more then four-fifths (85.8 per cent) were
bobveen 18 and 22 years of age suggesting that most of the
qubjects for the study were fresh secondary school leavers who
hod probably just completed their School Certificate or ¢wC.L.

0-level courses, ' ' _ .

Iyoothesis 4

4(2) stuéents in tho four groups of the ewperimental design whe

gapire to differant careers in science and techmology do not

exhibit gignificantly different cognitive styles,

4(b) Students in the four groups of thé experimentol desigm who

agyire to different careers in gcience and techmology do not -

exhibit significantly diffeyent physics interests,

The Kruskal-iallis U test reveasled no significant diflerences

at 0,05 level of significance in qithar cognitive style of interest

gcores vhen diffefc-nt CEr'cer groups were compared. }brpothesea.

4(a) ond 4(b) could not, therefore, be rejected. The results of
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the analyses provided empirical support for the conclugion
that respondents in the study who had different future career
expectations in science and technology did not differ aignificantly
either in their cognitive styls profiles or in the orimiations
of thoir physics interssts.

83.3 per cent of all the students pretested hoped to
becone either engineers or computer sciantists in the future,.

The general orders of cognitive styles and interests were
the sémc for all career groups, viz: P-R=A-Q for cognitive
styles and T-A'-d for physics interests,

A_,spirazits to carecers in engineering had the highest acores
in 2ll the three modes of interest while those expecting fo take
up jobs in computer science had the lowest scorea in viriually
all the interest modes examined, Interest in engineering
carecrs seens congrucnt with a high level of interest in
pliysics. Tho reverse appears to be the case for those intereated

in computer-based occupations,

Iypothesis 5

There is no significant relationship between studentis?
: cogai".:ive stwleé as measured by the PCST and their physica
interests as measured by the IPI, -

Significant valuea of the Pearson product-moment correlations
| b.e.t'.reen 0,160 and 0,236 at 0,05 level of gignificance (N = 162}

were obtained when cognitive style and inierest scores were
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correlated. The results suggested that students* physics
interests could be successfully predicted through movledse
of their cognitive styles. The specific relationships

rovealed by the analyses were noted,

Hypothesis 6

fhe teacher-directed discugsion methed of teaciing
(the experimental treatment) has no significent effect on the
cornitive style distribution of the subjects.

whe results of the analyses of data for testing the sixth
null hypothesis lentsuprort to the hope that copnitivo siyles
are modifiable through training and hence are learnable md
teccheble, The results showed that it was possible to snift
cognitive styles of vhysics learners from Principles (¥) mnd
Reeall (2) to Application (A) and questioning () and more
3 ocifically from predominantly P to 3 using the WD method of

instiuction.

Ivoo theais 7

The teacher-directed discussion method of teaching (the
exverimmtal treatment) has no significant effect on the
interest profiles of the subjécts. '

‘me analyses of data for testing the seventh Ilypothcseis
ghoved that the experimental treatment (the 10D mode of
teaciing) was effective in' cméiétmtly raising students’

pliyoics interests in all dimensions but did not produce a shift
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from one interest mode to another, Despite the suggested
relatedness of cognitive styles and physics intercsts, the data
offer 1iitle promise that a shift in a lecamer’s cognitive style
would result in a correspending shift in his/hér physica interest.
Perhaps the exftent of shift in cognitive styles produced by the
treatment was not sufficient to produce any corresponding ghift

in physics interests of the subjecta,

Del Gerloralizationg

Within the confines of the present study, the following

gaieralizations may be mades .

1. The most dominant cognitive style among the subjects of
the study is Principles (P) while tho least dominant is

uestioning (Q}. The gmeral order of cognitive styles
guong the students was P=Re=2=Qs

2. The subjects for the study portrayed the highest level
of interest in physics topics (7) and the lowept level
of interest in motives () for siudying phys:i_.cs”..

The general oxder of physics interests among the studanis
ﬁaa T-AVM, | | |

3., No gignificent gender differences in cognitive style were

- found zmong the physies atudents,

4, HMale students who participated in the study consistently
demonstrated higher levels of physics interests than
their female counterparts,

5. Cognitive styles of students who participated in the stuly

were independent of their ages.
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Students of different age groups differed only in thodir
mo tivations (1) to study physics, Tuaeir interests in
paysics topics (T) and activities (A') for leaming
physics did not seem to be influenced by age.
Jtudents betwveen 19 and 21 years of age were the moat
highly motivgted to study physics while thoae betireen
15 and 19 yeafs were the least motivated,
Beginning from the age of 21 years the physics intlerests
of the stuwents declined steadily as students becane older,
e cognitive styles and interest profiles of the plysics
studaits geemed unrelated to their future career
expectations in science and teclnology.
o3t of tie students (over 80 per cent) enrolling into
the nredegree programne of the Federal University of
Tacinology, liinna, seenr to have their syes on differmt
aspects of engineering and computer science for their
future careers,
The general orders of cognitive styles (P~1-'=7) and
physics interests (T-A'-i) identified in this study wore
invariant with genderyage and fulure career expectations
of the physics students, R

Cozgnitive style profiles and interest osrientations of the

puysics students correlated significantly and interestingly.

There was a strang and rather attractive picce of evidecé
which suggests that high interest in different agpecta of

plysics{notably in the topic (1) and activiiy {\')
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dinensions) could be promoted among physics students if
CPTIC3 is carefully taught in such a way as to murture
the Application (i) cognitive style,

There was a convincing support (from the results of the
study) for the view that cognitive styles of learners
are nodifiable through teaching, In particular the
teacher-directed discussion (71J)) metiod of teaching was
found to be effective in moving the cogiitive styles of
the students from predominantly Principles (P) to
uestioning (D«

The 1DJ method of instruction (the experimental treatnent
in the study) was effective in raising tae levels of
plysics interests of the subjects in all the three nodes
of interest cxplored but cauld not effect a shift from
one interest mode to another as it did to tho studentst!

cognitive styles,

5.4 Problems and Limitationg

The following problexs encountered during tihe otudy and

the conconitant limitations they caused to the research should

be noted:

le

The subjects of the study were limited to a group of
physics stuients in a single tertiary institution. The

rosults of the study can, therefore, be hardly gmeralized
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to larger populations of Nigerian physics students unless
sinilar studies covering wider populations are undertcken,
At the experimental stage of the study the classrom
tcaching was done by the researcher himself, This ex:osed
the researcher and the study to the temptation and danger
of having the lessons conducted in such a manner as to
achigve the desired results., The possibility of training
othier teachers to do the teaching was exnloral by the
researcher but it was not logistically feasible given the
circuustances and canditions prevailing in the plysics
departnent of Y, iiinna at the time of tlhe research,
M thouzh the ressarchier %ook necessary steps to enaure
that nis personal biases did not influence the
instrmuctional process, the fact that only the researcher's
word is available for this merely strangthens rather then
wecken this shortcoming as a major linitation to the study,
Owing to a sudden change in the predegree admisaion poligy
of the FUT, linna, about three times the usisl nunber of
students were adnitted into the progranme this particular
acalenic session, Accordingly, the experimemtal class vas
too large for ideal inquiry lessons, Jxperiments and

learning activities were performed in large groups (about 8

students per group)., As a result it was not possible {or

the students to (i) perform as many such experinats ond
activities as were originally planned for them, and

(ii) exhibit behaviours characteristic of inquiry leaming,
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The tendency for students to migrate frm one group to
another was observed, Perhaps the stuients concorned were
those who missed the lessons for their group, or who
wanted to compare notes out of curiosity or nead to solve
a gamuine problem, or those who wanted to achieve better
understanding of the knowledge content by sitting in at
extra lessons, The researcher always insisted that gsuch
gtidnts should leave the grup, often using appeals and
other nmeasures such as impromptu, short, writtem quizzes
to achigve this objoctive, Nevertheless, it is still
likely that a number of students might have -uccealed in
infilterating groups other thon their owm and this could
have adverse effects on the results of the study,

Jince all the students were located in the sane
anvironnent they were likely to interact with cach othor
after tieir lessons in a bid to exchange ideas and compare
notes, The results of such interactions could have
affected the general outcome of the study,

Jome students in the control group who were taught by the
lecture method kept complaining that the cther group was
performing experiments and leaming activities during thelr
lessons and expressed the desire to do the same. The
researcher tried to reassure them btut it was not
certain that they were convinced and satisfied, Ay

feelings of discontent and unhappiness on the part of
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such students was likely to some extent to affect theirx

attitudes and regponses and hence the remulis of the study.

s Only two cognitive style items appeared in the PCST under
"waves" (See Table 1, p. 145), It was relatively 'n:ltore
difficult to write satisfactory items in this area of
physics than in other areas. 0f the six itemg writtem
initially in this topic only theo said two items reached
at least 80% consensus among the experts who validated the
research ingtruments. The regearcher recognises that the
femonss of the iteas ma;lr have affected the resulis of the

Stlldy.

b Inplicationg

One of the secondary objects of this study was to detemine
the pattems of cognitive styles (Heath's model} and physics
inferests of a group of postsecondary oi‘ preaegl;ee physics
students and, where applicable, to compare the patterns with thosc
obtained in similar earlier studies. The subjects were the_-_ _
predegree stulents admitted into the FUT, Minna for the 1990/91
academic session, The results ahowed”that the general orxder of
cognitive styles for the subjects was P~R-A-Q. This general
order was found to be invariant with gm&ei", "agelancl carecr
aspiration. It was the same as the cne obtained earlier by
Abah (1988) for different samples of physics students at three
different ievela of education, namely: secondary, predegrce and

.

undergraduste ievels.
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The order of distributim of cognitive styles is also

similar to the pattem found earlier for biology and
chemistry students in other studies (Shuaibu and Ogunsola,
1963; Joe, 1983; Omoifo, 1986; Cgunsola-Bandele, 1987 and
Abah, 1968), The cognitive style pattem suggests that the
physics curricula and the methods of instrmuction employed in
physics oducation in Nigeria are those more favourably
disrosed %o the nurture of the Principles (P) and Recall (D7)
styles ratier than Application (A) and Questioning (7). It
is not lilkely that the situation will change unless the ismue
is deliberately -nd fimmly addresced by science educators,
scirnce teachers and curriculists,

The general order of the orientations of students?
physics interests was found to be T-A'-il, The pattern veveals
the dominanca among the s*udents of interest in plysics
topics (T) over interest in activities (4') for leaming
pliysics =nd motives (i) for studying physics, lending Marther
suncort %o the contention that the curricula and teaching styles
in use are those that are rather traditional and expository in
fature, Such curricula and teaching asproaches favour the age-
old practice of equipping students with scientific knowledge
(rhetorics of conclusiong) but not the process okills through
wrich the mowledge is arrived at or the social usefulness of

such lmovledze to mankind,
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The results of the study have again raised tie question
as to whetiher the strident calls of the last one and a half
decades to de-emphasize traditional and expository methods
of ingtruction in Nigerian schools and move increasingly
tovards the use of heuristic and inguiry-oriented approaches
of the modem curricula (Bajanr, 1979; Smaivu, 1979) are at
all being heeded, ruaibu (1979) specifically recommended
the cantious 2doption of measures to bridge the sop belwemn-
the (traditional/expository) skills teachers alreedy have and
thooe prescribed by newer curriculum prograsmes a2nd aprnrozaches
with the ain of equipping tcachers with a "repvertoire of
teaching beiaviours" or skills that would subsequenfly lecd
to the improvement of science instruction, A new approach to
ingervice teacher education was also proposed by the anthor
to help redress tlhe situation, The need to tay nead to these
colls seems t0 be even more pertinent today than it "ms a
decade ago,

Gender continues to hold out the promise to serve as a
dependable -redictor of the science interests of leamers but
not their cognitive styles. COne wonders if it would De
posaible to tcke (educational) measures that would enhonce the
interests of females in science, particularly in the plysical
sci nces and tecimology. hat future roles cen wonan play in
the develornent of science and tecinology, one may ask, or will
this area of human endeavour continue to be an exclusive

preserve of men?
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Head (1985) reported that despite efforts to remedy the
hortfall, the proportion of women entering the physical
scimeces ad engineering in 3ritain did not improve in
recant years,

Age is showm to be related to students' physics interests
tut ogain rot to their cognitive styles, The results suggest
that nostsecondary students are most highly motivated to
leamn physics when they are between 19 and 21 years of age,

In general the students of this study tended to lose interest
in physics as they got older and the decline in interest seems
to begin frea 21 years upwards, The same trend has been
reported for interest in other science subjects, The 6=3=7-4
gystem of aducation currently operating in Nizeria sears to
be well suited to capture students interests in science ond
ghould be nnde effectively overational,

Zost (over 80 per cent) of the students adnitted into the
predosree srogramme of the UT, iinna expected to anter into
careers in engineering end computer science in the future, If
the students admitted into the university through JAUB (the
Joint Admissions latriculation Board) are similarly inclined,
then there are obvious implications for the provision of
adequate staff and other facilities in the School of nhgineering
md ngineering Tecimology and the Department of lathematics
and Computer Science of the university in order to cope with

the situation,
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The study revealed same interesting relationships betveen

cognitive styles and physigs interests, In particular
leamers' ohysics interests seem to be larsely denendent on
the type of cognitive styles they exhibit in OPTICI ond (to
some extent) also mechanics, heat, magnetisa and sound, For
exomple a high A-score in PHYSICS generally -nd CPTICS
particularly and a low R-score in OFTICS are congruent with
Aizh levels of interest in specific dimensions and mube-
dinensions of physics learnings The implication of this
finding is that PUYSICS in ganeral =nd OPTIC3 in particular
'.3-.‘..0‘...'.1& be taught in such a way as to de-enphzsize the
2geall (R) style but to promote or nurture tze Application (1)
styles

finally the results showed that it was possible to shift
the cognitive styles of physics students (but not their
intercst orientations) by means of the TD) mode of ingtruction,
This lends further supvort to the view that cognitive siyle
ig not a fixed character but a trait acquired through training,
naturation and life experiences, Viewed 2gainst the reported
rolatedness of cognitive styles and interest it seems that new
frontiers of research =nd new possibilities for teacher-
education progrommes end science classroom practices {for the _
inprovement of science instruction and for maximizing studenis®
pains in science education) are likely to be opened up, It

would be a happy tumm of cvents and a pleas-nt experionce ilf
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interest (a science affect) can be modified by altering or nurturing

cognitive style (a cognitive and psychological attribute), That

may point to one possible way of successfully teaching similar

affective attributes, a problem which has all along proved

difficult for science educators,

5.6 Recompendations

The following recommendations are cansidered appropriate

in the light of tie findings of this study and their

educational implicationss

Te

Physics in general and optics, megnetism cnd mechanics in
particular should be taught in such a way that the

nurture or development of the Recall (R) and Principles (P)
cognitive styles are discouraged while the nurture or
developnent of the Application (A) cogritive atyle is
pronoted, This wauld help to build up in learmers high
lovels of interest in the various dimensions of plysiocs
interest, From the point of view of nurturing lcarmers!
inferests in physics, it would seem that A ratber than
is the cognitive style on which physics teachers and

curriculigts should focus greater attention,
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2+ In physics teacher education pmgrmea ef forts should
be made to ensure that physics teachers are trained in
such a way that they acquire the Application (1) cognitive
style so that {in physiecs lessong) they should emphasize
practical applications related to the scientific
infomation thoy present to their students, This is
inportant because no teacher would give to hia/her
students what, in the first instance, he/she has not got,

3. The TOD mode of instruction is recommended for use in
Iﬁhysics teaching, The results of the precent study
gugpest that this mode of instruction is

(1) favourably disposed to the nuriure of the
| A and Q cognitive siyles; and
(ii) effective in raising leammers' inferests in
| all the three dimensions of physics interest
inveastipated, .

4'.' Since interest in physics seems t0 begin to dwindle frem
age 21, it is recmnended that steps showld be taken o
enpure that young persms are given the opportwnity fox
science educatlion and encouraged to take up same carly in
life. Students, accordingly, ought to have become well
advanced or well established in science education before

thoy attain 21 years of age,
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leasures should be taken by the govemment to encourage
wonen education in the sciences, especially the physical
sciences, A good starting point might be to focus on
teachor education, A deliberate govemmant policy ainmed
at raiging up a corps of women science teachers would

help to promote female interest in the sciences and

(at the same time) help to alleviate the current problem
of male desertion of the teaching profession for greaner
pastures,

The authorities of the Federal University of Tecimology
(¥UT), linna would do well to pay close attention to the
School of IEngineering and mgineering Technology :nd the
Department of Mathomatics and Computer Science with
particular reference to the provisior of adequate acadamic
staff and instmuctional facilitics so as to be able to
cope with the cmaaqt;.mcea of the high interest of
predegree students in the areas of engineering ad computer
science, The university may in fact wish to consider
creating (as soon as practicable) a separate departnmt
for computer science,

Pxanination questions set by schocls, educational
institutions at various levels and examination bodies like
WALC, NTI and JAMB should include questions that should
test students' knowled_ e of the practical application and
possible limitations, weaknesses or inadequacies in rospect
of validity, completeness and generalizability of scimtific
imowledge acquired by students in the course of

ingtruction and lcaming,
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For Further Research

A major weakness of tiis study is that the teaching of
the exnerimental :nd cantrol groups of students vas done
by the researcher nimself, Another linitation to the
study was that it was difficult for the experimamtal
group to have as many leaming activities and emerinmts
a3 possible during their lessons because of tie large
nunber of students involved, usven the way the fow
experinents and activities were perfomed was not
satisfactory to the researcher because students liod to
work in large groups. It is recommended that the study
be replicated with these two weaknesses elininated i,e,
by having other teachers (than the researcher) to do the

teaching and by using a smaller sample of rhysics students,

It would algso be a good idea to replicate tha gsitudy with
the experimental and coantrol classes separated from ecach
other (say in two separate institutions) in oxder to
elininate the possible adverse effects on the results of
tho study arising from (i) migration of students to groups
other then their own during the teaching, (ii) interaction
of students with one another outside the clasaroons of ter
lesgsons, and (iii) possible discontent m the part of the
control group for not receiving the same treatnmt as the

experimental group,
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lHore studies of the present type using the TJD mode
of instruction are generally desirable in order to

verify the results obtained,

There is need for similar studies to explore the effects
of other teaching methods on cognitive styles and/or
interests of students in different scimce subjects,
Other teaching methods that could be considered include
process approach, lecture-demonstration, problem-solving,
project, laboratory, and field trip approach, Indeed the
effects of two teaching methods on one or both variables
may be compared, Such studies would help to detemine
the methods which have the most generative or nodifying

effects on leamers' cognitive styles and/or interests,

‘he finding in the stady that a learners' cognitive styles
in OrTIC3 are probable strong predictors of his intercst
orientationa in physics deserves to be further investizated
in separate studies, The results of such studies would
help to verify ths claing of ralationship btetwvom conitive
gstyle ond intarasts, throw further lichkt into ke murrorted
relationship and pectops sugpest how the potuntial merits
of such relationship may be tarped oducationally, For
eranple, it is not clear if the high interest in verious

areas of physics predicted by a low 2= and a high ‘=score

in OrTICS would be realised irrespective of whether the
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said arcas are taught before or after the lessons in
OPTIC3., Finding an enswer to this problem is an

appropriate object of further research,

Tarough the reported relatedness of cognitive style and
intercst this study has provided indirect evidence that
sudents exhibit different cognitive styles in different
content areas of a science subject such as physics,
Jurther research to confirmm this indication would be

appropriate,

Cornitive styles, it has been suggestod, cen be modified
through teaching, It was observed in this study that in
every case in which a significant shift in coynitive
style occurred, the gemeral order of cosnitive siyles
(P=R=A=Q) remained unchznged, The question one nay ask
ig this: Is it possible to nodify cosnitive styles
sufficiently enough as to alter the ganeral order of
cognitive styles as well? This is a question which a
further study can attecpt to answer, Perhaps a sufficient
shift that would also result in a change in the general
order of cognitive styles would be possible if the period
of the experimental trecatment (duration of instruction)
is extended up to two tems or two semesters or even a

whole academic year,



N7

REFARBICES

Abah, C.0. (1988). Patterns of cognitive preference among
scimmce students in post-primary institutions in
Zaria area, Unpublished Ph.D. Thesis, Almadu Bello
University, Zaria, Nigeria,

Abdullahi, A, (1982). ienc i {
Atoto Press Ltd,, Ilorin, Nigeria,

Adeyanju, G.A. (1985), The relationship of persanality and
learming styles with school attainment of pupils in
primary schools, Unpublished Ph.D, Thesis, Almadu
Bello University, Zaria, Nigeria,

Agwari, K.3. (1978). Teachers' behaviour in the teaching of
biology in smme secamdary schools in Niger State.
Unpublished B.3c, Hucatim Project, Almadu Bello
University, Zaria, Nigeria,

Ahlgreen, A, (1969). Z2valunation of Harvard Project Physics
Course: Interim Report. Paper delivered
(February, 1969) to the Australian Association of
Physics Teachers (AAPT),

Alesandrini, K.L. and Rigney, J.4. (1981). Pictorial
presentation end review strategies in science leaming.
Joumal of Research in Jcience Teaching, Vol. 18,
pr. 465-474,

Allen, L.2. (1972). An evaluation of children's perfommance
on certain cognitive, affective and motivational
aspects of the Interaction unit of the Science
Curriculum Improvement Study Zlementary Science
Frogram, Joumal of Research in Jcience Teaching,
Vol. 9, pp. 167-173.

Allport, G.J., Vernon, P.s, and Lindzey, G. (1960).
Study of Values Janual., Houghton Uifflin, Bostan,

Anatasi, A. (1976). Psychological Tegting (Fourth idition).
Macmillan Publisiing Co,, Inc,, New York, pp. 115=116,

Atten, S.L. (1981). A study of science teachers' perceptions
of selected factors of effective science teaching,
Unpublished Doctoral Thesis, Departuent of Hucatim,
Amnmadu Bello University, Zaria, Nigeria.



318

Atwood, R.x. (1971). Development of a ccgnitive preference
exanination utilizing general science and social

science content, Joumal of Research in Jcience
TB& hin ’ VOl. 8. ppo 27}'275l

Asubel, D.F. (1963). The Psychology of Meaningful Verbal
Learning, Grume and Stratton Publishing Company,
New York,

Babalola, B.A. (1979). The relationship between field-
independent/field-dependent cognitive styles and
acadenic achievements in mathematics and scimce
subjects among Nigerian secandary school students,

Joumal of the Science Teachers' Association of
ligeria, Vol, 18, No. 1, pp. 40-48,

Bajah, 5.7. (1975). Preparation of the secandary school
teacher of the physical sciences for the African

environment, Jfest African Joumal of Jducation,
Vol, 19, No. 1.

Bamett, H.o. (1974), An investigation of relationships azong
biology achievement, perception of teacher siyle and

cognitive preferences. Joumal of lescarch in
Jcience Teaching, Vol. 11, pp. 141-147.

Bean, K.J. and Hovat, R.B (1975). Differences among teachers'
and students' perceptions of science classrom

benavicurs, Joumal of Science Jucation,
Vol, 59. No. 3.

Ben-Zvi, R,, Hofstein, A., Samuel D, and Kempa, 7. (1976),
The attitude of nhigh school students toward the use

of filned experiments, Joumal of Chenmical .Hucation,
Vol, 53, pp. 575=57T7.

Binghan, R. (1967/68). Attitude and interest profiles of
biology participants in Uontgomery County 3Sciamce

fairs. Jgujwmwm%
Vol, 5, pp. 245-252,

Blake, V.d. (1969), Inner-other directions as the critical
factors in scientific career choice, Joumal of

Regearch in Science Teaciing, Vol. 6, pp. 300-373.

Blankenship, J.+. (1965), Blolog,y teachers and their attitudes

conceming B3C3., Joumal of Regearch in Jciwce
Teaching, Vol, 3, pp. 54-60,



319

Bohardt, P.C. (1975). Attitudes towards process-based science
instruction held by students and teechers in grades
four tarough eight, Dissertation Abstracts
Intermational, 35, 7631A.

Bransford, J.D. et al (1981). Cognitive and Adaptation: the
inportance of learming to leam., 1In: Harvey, J.H..
(ed.) Cognition, Social Behaviour and the
wirongent., Lawrence Zrlbaum Associates Inc.,
d.llsdala.

Breen, ii.J. (1979), Teacher interest and stulent attitude
toward four areas of elementary school curriculum,
Zducation, Vol, 100, pp. 63-66,

Broverman, D.u. (1964), Generality and benavioural correlates

of cognitive style, Joumal of Congulting Rsvcholozy,
VOIO 28 PPe. 4‘87-300.

Brom, RMN., Uke, F.d and Browm, D.P. (1982), Curriculum and

Instruction; An [n;;odgg;igg t0 Lethods of Teacling,
icaceillan Press Ltd,, London and Basingstoe.

Brown, J.4. (1975)., Cognitive preferences in 3cience: Their

nature and analysis, Jtudies in Science ducatiom,
VOl. 21 pp- 43-65.

Bruner, J.J., Goodnow, J.J. and Austin, G.A. (1965).
A gtudy of Thinking, John /iley and Sons Inc,,
liew York,

Canpbell, D.T. and Stanley, J.C. (1963). Experimental and
pasi- iment i fo :
dand Mchally, Chicago,

Cattel, R.B. (1944). Psychological measurenent: nomative,
ipsative, interactive, 1 Review,
Vol. 51, pp. 293=303.

Chanbers,  and R (1972). Chanbers [wentieth Century Dicticnary.
Wacdonald, A.k. (ed.), T. & A. Constable Ltd., Xinburgh.

Clarke, C.0. (1972). A detemination of commonalities of
science interests held by intemmediate grade children
in inner-city, sub-urban and rural schools,

geience kducation, Vol, 56, pp. 125-136,



320

Cooley, ., and Reed, H.B., (1961), The measurement of
geience interests, an operational and multidimensicaal
approach., Science Zducation, Vol, 45, pp. 320-326,

Cropley, A.J. (1967). Creativity. Longman, London,

Qullen, R. (1981). Implementation of a persmalized system of
instruction in physical science and comparison of
attitude and achievement with conventional classes,

Research in Science Sducation, Vol., 11, pp. 72-77.

Dawson, C.J. and Bennett, N. (1981), ¥hat do they say they
want? Year 7 students' preferences in science,

Hesearch in Science Zducation, Vol. 11, ppe. 193-201.

Dillon, 3, (1983). Ph.D, Study, reported in Maslemn, C.,
Farents favour unskilled jobs for girls. The Age,
19 September, p.4.

Dunkin, i.J. and Biddle, B.J. (1974). The Study of Teaching,
Holt, Rinehart, and /instm, New York,

isenhardt, .. (1977). A search for predoinant camal
sequmc9 in fthe in%errolationship of inter«st in
academic mubjects and academic achievemnmt, A cross-
lagged panel correlation study. Dissertation
\bstracts, 37, 4225A.

Arsenck, H.J. (1970). The Stmcture of Human Personali tv.
Letmen Hducational, London,

Field, T.4. and Cropley, A.J. (1969). Cognitive Style and

Science Achievement., Joumal of Research in Jcience
Teaching, Vol, 6, pp. 2-10,

Msher, T.H. (1980). Using literature to teach sciemce.

1l o Sci eacid » Vol. 17'
ppe 173-171,
Flanders, ii. (1970). Analysing Teacher Behaviour. Addison-.esley,

Reading, Massachusetts,

Fraser, B.J. (1975). The impact of ASZP on pupil learning =nd

classroom ¢limate Research in Science iducaticn,
Vol. 5, pp. 1-12.

Fraser, B. (1982). How strangly are attitude and achievement

related? gchool Science Review, Vol. 63, »p. 557-539.



321

Friend, H, end Caifa, J. (1983). Effect of increased
laboratory times on selected students® attitudes
toward science. Paper presented at the annual
meeting of the National Association for Research in
Science Teaching, Dallas, Texas,

Cabel, L,, ubba, P.A. end Franz, R, (1977). The effect of
early teaching and training experience on physics
achievement, attitude toward science znd science
teaching and process skill efficiency.

Science Bducation, Vol. 61, pp. 503-511,

Gagne, RJu. (1968)., Leaming hierarchies, RMucational
PSIChOlO&, Vol, 6| Ple 1-9.

Gardner, P.L. (1972). Attitudes to physics. Unpublished
Ph.D. Thesis, ionash University, Australia,

Gardner, F.L. (1973). Changes in attitudes of PiUC Physics
students: a secand look. Australian 3cience
Teachers' Joumal, Vol. 19, No. 1, pp., 71=78.

Gardner, P.l. (1974). Sex differences in achievement, attitudes
and persmality among science students, Jcience
Jucations Research (Report of the fifth Australian
Ucience Hducation Rescarch Association Confereance).

Gardner, P.L. (1975). Attitudes to sciences a reviow.

gtudies in Ucience Fducation, Vol. 2, ovp. 1-41.

Gardner, F.L. (1982), Students' attitudes. 1In: Younger,
A. end Bell, M,, valuation of Refrigeratian and Air
Conditiming Mechanics Course, TAFd, Welboume,
Australia,

Gardner, P.L. (1984). Interest in science and tecinology
education: the Australian picture, Paper presented
to the Intemational Symposium, Ingtitute of Scimce
Jucation, University of Kiel, Federal Republic of
Germany, April, 2-6,

Gardner, P.L. (1985). Students' interest in science and
technology: An international overview, In:
Lenrke, il. Hoffmann, L, and Gardner, P.L. (eds.),
Interest in Science and Technology Jducation,
Proceedings of the 12th IFN Symposium (IPN 102),
University of Kiel, April 2-6, 1984, pp. 15-34.



22

Gardner, ¥.lL. and Toon, K.S. (1988). Measuring interests in
mathenatics., Paper presented at the annual conference
of the Australian Association for Research in

Jucation, University of New iMnglend, Australia,
30 Noveuber - 4 Deceamber.

Gardner, P.L. and Tamir, P. (1989a). Interest in biology.
Part I: A multidimensional construct, Joumal of

Research in Science Teaching, Vol. 26, pp. 409-423.

Gardner, P.L. and Tamir, P, (1989b). Interest in biology.
Part II: Relationship with the enrclment intentions
of Israeli senior high school biolof,y students,

f (= c , Vol, 26,
pp. 425-433,

Gardner, P.L., Gray, 2. 5. and Taylor, S.d. (1981). Teacher
transmission-interpretation and students' attitude

to science. Research in Science pducation, Vol. 11,
pp. 171-179.

Gardner, R.d. (1963). Discussion of J. Kagen, H.A. lloss, and
1.2, Sigel, Psychological Si@ificance of Styles of
canceptualization, In: Wright, J.C. and Kagan, J.
(eds.), Basic Cognitive Processes in Children,
uonographs of the Society for Regearch in Child

Jevelopment, Vol. 28, pp. 73-124,

Gardner, R.+., Holznan, P.3., Klein, G.S., Linton, H.B. and
Spence, D.B. (1959). Cognitive control: A study of
individual cmsistencies in cognitive behaviour,

Esychological Igsues, Vol. 1, lio. 4.

Gardner, R.J,, Jackson, D.N. and Messick, S.J. (1960).
Personality organisation in cognitive controls and
intellectual abilities., Psychological Issues,
Vol. 2(4), No. 8,

Garrett, R.i. and Roberts, I.F. (1982)., Demmstration versus
small group work practical work in science education:
A critical review of studies since 1900,

Studies in Science Hucation, Vol. 9, pp. 109-146,

Gatta, L.A. (1973). An analysis of the pass-fail grading
system as compared to the canventional grading system
in high schkool chemistry. Joumal of Regearch jn
geience Teaching, Vol. 10, 3-12,



323

Gilligen, C. (1982). In a Different Voice: Pgychological
Theory and domen's Development, Harvard University

Fress, Cambridge, liassachusettes,

Glaser, R, (1970), Discussion of Kessick's (1970) Paper,
In' i’ittrock, H Ce and Wiley, D.;‘n (eds.),

1%, Rinebert and Finstam, Chicago, po. 185-202.

Guilford, J.P, (1950). Creativity, Americsn Psychologist,
Vol, 5, pp. 444-454,

Halpem, G, (1965), 1 th )
Jucational Testing Service, Princeton, i.J.

Hanrahan, J.P. (1972). The relationships between childlood
experiences and the students' areas of specialization
in sixth form courses. Unpublished Ph.D., Thesis,
University of London, Zngland,

Harrison, I.V. (1971). Development of an attitude test for
Ordinary National Certificate students in sciences,
Unpublished M,Sc. dissertation, University of
Bradford,

Hasan, 0.2 (1975). An investigation into factors affecting
science interest of secondary school students,
Journal of Research ip Science Teachingz , Vol. 12,
pp. 255-261,

Haussler, P, (19687). Measuring students interest in
physics~design and results of a cross-sectional study
in the Federal Republic of Gemmany. International
Jgnn}ﬂl Q: Sﬁiﬂm&m VOI. 93 No, 1. Do« 7%92-

lHaussler, P., Frey, K., Hoffmann, L., Rost, J. and Spada, H..
(1982), 1mducation in physics for todgy and tomorrow,
mimeographed report (IPN, Kiel).

Head, J.0. (1985). Ihe Personal Response to Jcience.
Canbridge University Press, Cambridge.

Heath, 4. (1964). Curriculum, cognition and educatio.lal
measurement,
lieasurement, Vol., 24, pp. 239—253.

Hess, C.i. and Shrigley, R.C. (1981). A study of the effects
of three modes of teaching on metric knowled. e and
attitude. Science Hucation, Vol. 65, pp. 131-138.




324

Hill, P.J. (1982). A Dictionary of iducation. Routledge and
Kegan Paul, Londm,

fioffmann, L., Learke, . and Todt, 3, (1985). Development and
change of pupils' interests in physics (grades 5 to
10): Design of a longitudinal study, In: Lehrke, l.,
Hoifmann, L, and Gardner, P.L. (eds.),Intercst in
Science and Technology Fducation. FProceedings of the
12th 1PN Jymposium, April 2-6, 1984 (IPK, 102).

Holzman, F.3. and Klein, G.S. (1954). Cognitive system-
principles of levelling and sharpening: Individual
differences in assimilation eifects in visual time
error, Joumal of Psychology, Vol. 37, pp. 105-122.

fudsm, L. (1966). Contrary Imaginations, Penguin Bookas,
lletimen, London,

Munt, D. % (1970). A canceptual level matching model for
coordinating learner characteristics with educatianal
approaches, Interchange, Vol. 1, lo. 3.

Iurlock, =B. (1972). Child Development, McGraw-liill,
Kogakusha Ltd,, Tokyo.

Jennings, P.J. and Zadnik, W.G. (1980), Carcer aspirations and
employment experience of physics atudents, The

Australian Science Teachers Joumal, Vol. 26, lio. 3,
ppe 31=38.

Joe, A.I. (1983). An exploratory study of Nigerian students'
cognitive preferences in biology, Joumnal of the
geience Teachorg' Association of i geria, Vol, 22,
Ii‘O- 1! pp. 104—122.

Jungwirth, 2. (1980). Altemative interpretations of findings
in cognitive preference research in science education,
Science Education, Vol, 64, pp. 85=94.

Kagan, J. (1965). Reflectivity - Impulsivity and reading
ability in primary grade children,
Vol, 36: pp. 609-628,

Kegon, J., Moss, H.A. and Sigel, I.2 (1963). Psychological
significance of styles of conceptualization, In:
dright, J.C. and Kagan, J. (eds.), Basic Cognitive

Processes in Children, WMono hs of the Jocie
for Research in Child Development, 26(2, lo. BGE.

pp. 13-124,



325

Keefe, J.#, (1979). Leaming Styles: An overview in student
leaming styles: Diagnosing and prescribing
programnes, i i

Secandary Jchool Principals.

Kempa, R.¥., and Dubey, G.&. (1973a). Science interest and
attitude traits in students subsequant to their
study of chamistry at the ordinary level of the
General Certificate of Educatim. Jou

Research in_ Jeience Teaching, Vol. 11, pp. %61=370,

Kerpa, %5, =nd Dubey, CG.B. (1973b). Cognitive preferance
orientations in students of chemistry, Brifish Joumal
of sducational Psychology, Vol, 43, pp. 279-208,

Kempa, R.¥. and Tamir, P, (1976). The ipsative nature of
cognitive preference tests and its implications,
(dimeograph).

Khan, d.4. (1950). A study of ability and interest of secadary
school pupils in science, Unpublished i.A,Thesis,
University of London, Bngland.

Klopfer, L. (1971). GEvaluation of leaming in science, In:
Bloom, B.3., Haatmga. J.T. and ..[a.da.na. .F. (eds.),

McGrav_Hill Book Co., New York,
PP. 559-642,

Kogan, N, (1971), :ducational implications of cognitive styles,
In; Lesser, G.R. (ed.), Psychology =nd  ducational

Practice. Scott, foreman and Co,, London,

Kramer, D.C. (1979). Science Attitude change in pre-service
elementary teachers durmg an activity-orienied
biology course. 3 i c
Vol. 79’ PP 294-298,

Krathwohl, &.D., Bloom, B.S. and Masia, B.B. (1960). Taxonony
Zducat bj ves - db Affective
domain, David idackay, New York,

Lewis, R. (1976). The effect of gselected teacher and student
behaviour on the cognitive and affective objectives
of F33C physics. Unpublished Ph.D, Thesis, lLionash
University, Australia,

Lind, G, (1982), The structure of interest in physica,

Auropean Journal of Science pducation, Vol. 4,
ppe. 275-283,



326

Hackay, L.D. (1971). Changes in physics in three states
over a two year period. Regearch 1971.
(aunstralian Science Education Research Associatim),
pp. 109-118,

Haduabum, A.x. (1984). Teaching Biology Affectively, Jos
University Press Ltd., Jos, Nigeria,

Mamuta, U, (1985). PRehaviour pattems of secandary school
science students as perceived by experienced science
teachers in Kaduna State of Nigeria. Unpublished
d,M., Thesis, Anmadu Bello University, Zaria, Nigeria.

Mallinsm, G,G, and Van Dragt, H, (1952). Stability of high
scnool students' interests in science and in
mathematics, School Review, Vol, 60, pp, 362-367.

liarks, R.L. (1967). C.B.A. high school chemistry and cancept

formation, Joumal of Chemical Zducation, Vol. 44,
pp. 471474,

Ucaught, C, (1982), Relationship between cognitive preferences
and achievement in chemistry. Joumal of Research in
Science Teaching, Vol, 19, ovp. 177-186,

dessick, S. (1970). Heasures of cognitive styles and personality
and their potential for educational practice, In:
Jittrock, M.C. and Wiley, D.#. (eds.), The ivrluation

of Instructiony Issues and Problemg, iolt, Rinehart
and Jinston, New York, pp. 329-341,

Messick, S. (1976). Personality consistencies in cognition and
creativity, Ins lessick, S. (ed.), Individuality in
Learning, Jossey-Bass Publisher, 3an Francisco,
op. 1-T.

Ueyer G, (1970). Reactions of pupils to Nuffield science
teacoing project trial materials in ngland at
ordinary level of the General Certificate in Jucation,
Joumal of Research in Science Teaching, Vol. 7,
pPp. 283=302,

uilson, J.L, (1973). Science and the below average student:
the effect of curriculum materials an attitudes,

Journal of Experimental fducation, Vol. 41, pp. 37-48.

lurphy, G.vs (1970). Content centred versus process centred
biology laboratories, Part III: the relationship of

student values to success, 3Jcience ‘ducation,
Vol, 54, pp. 37-40.



327

Muthulingam, S, (1963). An investigation of certain factors in
the physical science course for secondary in
relation to aspects of the achievement, attitudes and
interests of fifth year pupils., Unpublished H.A
Thesis, University of London,

Welson, C. (1965). HNelson Biology Test, Form E, Harcourt,
Brace and .Jorld, New York,

dewjahr, J. end Hansen, R, (1970). The prediction of carecers
in science from high school data., Joumal of Rescard:

in Science Teaching, Vol. 7, pp. 391=397,

liuttal, D, (1971). Administrator's manual for Science Attitude
Questionnaire, Slough, NFdR,

Ogunsola, W.¥. (1981). Cognitive styles among chamistry
students of SB3/ARU, Zaria., Unpublished i..d, Thesis,
Abmadu Bello University, Zaria, Nigeria.

Ogunsola~-Bandele, N.P. (1987). The effects of modes of
presentation on the stability of chemistry students*
cognitive styles. Unpublished Ph,D, Thesis, Almadu
Bello University, Zaria, Nigeria.

Okatani, A.0, (1984). An attempt to enhance the social-emotional
development of individuals through the use of moral
dilemma discussions, Unpublished Ph.D, Thesis, Kansas
State University, U.S. A.

Okebukola, FP.A. (1984/85), Cognitive preference, curricula
bias and achievement in biology. Unpublished ... d.
Thesis, University of Ibadan, Nigeria.

Okebukola, F.A.0. (1985)., The relative effectiveness of
cooperative, competitive interaction tecilniques in
strengthening students' performence in science claasses,

gciamce glucation, Vol, 69, No. 4, pp. 501-509,

Ok cbukola, P.4.0, (1986), Influence of preferred learning styles

on cooperative leaming in science, Jeiance Hucation,
Vol, 70,

Oxebukola, P.A. and Jegede, 0.J. (1988), Cognitive preference
and learning mode as detemminants of meaningful learning
through camcept mapping. Scien f i Vol, 72,
No. 4: PP. 489-500,



328

Omoifo, C.N. (1986). Cognitive styles: A study of CUSAC
curriculum materials and its graduates, Unpublished
M., Thesis, Abmadu Bello University, Zaria, Nigeria.

Oyedum, N.A. (,%62). An appraisal of some findings of current
resear.h on cognitive styles in science, Joumal of
the Scie ce Teachers' Association of Nigeris,

Vol. 21. Hb 1’ D 50"6}.

Oyedua, N.A. and Smaibu, 4.J. (1982), Trends in scimce
education and the future of science curriculum in

Nigeria., Joumnal of the Science Teacners’ Aggociaftion
f Ki i » Vol. 21' HO. ” pp- 75-96.

Pask, G. (1976). Styles and strategies of leaming,
Bt 44 ; .
Vol. 46, pp. 128-148,

Payette, .2 (1967). Development and analysis of cognitive
preference test in the social scieces., (Doctoral
dissertation, University of Illinois)., Disgertation

Abstracts Intemationgl, 28, 1310A
Perroit, 4 (1982). Lffective Learning. Longman Publishers,
London,

Porry, P and Downs, 3. (1985). Developed skilled learmers:
learning to learn in the youth training scheme.
h Devel ent Publi ion, HNo, 22,
lianpower Service Commission,

Potti; rew, T.F. (1958). The measurenent and correlates of
category width as a cognitive variable, Joumal of

Personality, Vol. 26, p. 532.

Power, C.li. (1973). The unintentional comsequences of sciance
teaching. Joumal of Jesearch in Jeience Teaciing,
Vol. 10, PP. 331=339.

Fower, C, {1981). Changes in students' attitudes towards
science in the transition between Australian clenentiary

and secandary schools, Joumgl of Rescarch ipn Jciance
Teaching, Vol, 18, pp. 33%3%9.

Pringle, .G, and Morgan, A.G. (1978). The effects of
laboratory-oriented experiences in SCI3 on the
gtablility of cognitive styles of teachers,

Journal of Regearch in Jeience Teacning, Vol. 15,
pp. 47-51.



329

Qinlan, C. Project Physi

¢s in N.5.7. AMustralia,.
8 4 2

3 Ll OT v01¢ 11' pp. 78"'86.

(1981).

AL ATLE

Reed, H,B, Jr. (1962), Implications for science sducation of

a teacher competence research, Science HJucation,
Vol. 46, pp. 473-486,

nennie, L.J. (1978). A comparison of student outcomes from
upper secandary school physics courses, 1974-1975.
Departuent of Hlucation, University of Jeatem
Mastralia,

Rest, J.R. (1974). Developmental psycholozy as a suide to
value educations A review of Kohlbergian Progrannes,
Review of Blucational Research, Vol, 44, pp. 241-259,

Meoney, Jode (1978). Learning strategies: a theoretical
perspective, Ing O0'Weil, H,F.(ed.), Leaming
Strategies. Academic Press, llew York,

mMley, JoP. (1979). The influence of hands-on science process
training on preservice teachers' acquisition of
process gkills and attitude toward science and science
teaching, Joumal of Regearch in Scignce Teaching,
VO].. 16' pp- 37}%4&

Ritchey, P. and La Shier, 7.S. Jr. (1981). The relationship
between cognitive style, intelligerce and
inatructional mode to achievemant of college science

students, Joumal of Regoarch in Ieience Teaching,
Vol, 18, PPe 41-45,

Togel, A. (1974). Achievement and cognitive preferance styles
of chemistry students who studied different curricula
in Israel., Unpublished lasters Thesis, llebrew
University, Jerusalem,

Ronsey, G. and Howe, Re (1969). An analysis of rescarch on
instructional procedures in gecamdary school science,
The Sciece Teacher, Vol, 36, pp. 62-70,

Roscoe, J.T. (1969)., Fund
Behavioral Sciences, Holt, Rinehart and Vinstm,
Inc,, New York,

Nosenshine, B, and Furst, AT, (1973). The use of direct
observation to study teaching, In: Travers, Ril,

(ed.), Second Handbook of Regearch on Teaching,
Rand MeNally, Chicago.

2ottman, A.I. (1969). Teacher characteristics and studont
leaming, ou in 3 ing
Vol, 6, pp. 340-348,



30

Rothpan, A.I., WYelch, .. and Jalberg, H.J. (1969},
Physics teacher charscteristics and student leaming.
Journal of Research in Science Tesching, Vol, 6,
Pp. 59"‘63!

Ryan, D. (1960). Characterigticg of Teacherg. Longman

Fublishers, Londwm,

Sandall, P.H. (1960). 4An analysis of the interests of gsecomdaxy
school pupils, Unpublished Ph,D, Thesig, University
of London, : : . :

Sawders, W.L, and Dickinsom, D.H. (1979). A comparison of
: comuunity college students' aclievement and attitude
changes in 4 lecture-cnly and lecture-laboratory
approach to general education biological science
courses, Jourmnal of Research in Science Teaghing,
Vol, 16, pp. 459-464, : .

Schibeci, R.4. (1984)., Attitudes to science: an update.
gludies in Science Jducation, Vol, 11, »pp. 26-59,

Schibeci, R4, and Riley, J.P. {1983)., TIanfluence of student
background on science attitudes and achievancnt. Paper
presented to the amnual meeting of the American
Hucational Regearch Association, Montreal, Canada,

Schimek, J.G. {1968), Cognitive styles and defences, a
longitudinal study of intellectualization and field
independence, Joumnal of Abnormal Psychology,

- Yol. 73, pp. 575-580,

Schmedemann, (¢, and LaShier, #.3. Jr, (1967}, Cognitive
preference of students and selected characteristics
of their P3SC teachers, Joumal of Research in
gcience Teaching, Vol. 5, pp. 40-42.

Shah, S.d. (1962), A study of the attitudes of students toward
tne acience course at certain training colleges in
thae United Kingdom and a training cellege in Trinidad,
Unpublished i, A Thesis, University of London,

Shene, H.G. (1957). Children's Intercsts. National Biucational

Association Joummal, Vol, 46, pp. 237-2%9,

Shannon, A.G., 3leet, R.J, end Stem, W, (1982). School
Students attitudes to science subjects. Australian

Science Teachers' Journal, Vol. 28, No, 1, Dp. 77-52.




N

Shrigley, R.L., Koballa, T.R. Jr. and Simpson, 0. (1988),
Defining attitude for science educators.
£ ] 3 i ‘JOI. 25'
lio, 8, pp. 659-678.

Shuaibu ¥.J. (1979). A study of the relationship between
) teacher objectives and instructional methodology in

science teaching. Journal of the Science Teachers'
MMME’ Vol. 17: No. 3, DPe« 44-52,

Shmaibu, k.J, (1988). An altemative method of measuring
cognitive styles using the Defining Issues Test (DIT)..
(in press).

Jmaibu, i.J. and Ogunsola, H.F., (1983). Comitive styles in
students of chemistry in SBS-AU, Zaria, Nigeria,
Joumal of Research in Science and Tecimological
cducation, Vol., 1, pp. 101=107.

dmaibu, d.J. and ¥artins, 0.0. (1984), Typology of secondary
school students' behaviour in science classrooms in

Nigeria, Nigerian Zducational Forum, Vol, 7, lio. 2,

Jmaibu, 2.J. and Cgunsola-Bandele, u.F. [1988). A attenpt
to shift students cangitive styles through
teaching, (in press).

Shynansky, J.A., and Yore, L.J. (1980)., A study of teaching
strategies, students' cognitive developmaent and
cognitive style as they relate to studemt acaievaaent
in science. of Sci 2 j
Vol. 17’ DPe 369-3820

Sismons, .9, (1980). The influence of kinetic stmecture in
films on biology students' achievament and attitudes.

Journal of Research in Science Teacking, Vol, 17,
PP. 6?"'?3.

3joborg, L. (1983). Interest, achievement and vocational

choice, aropesn Journal of Science Hucagtion,
Vol, 53 PDe. 299"307.

Jcinner, X Jr, and Barcikowski, R.S5. (1973). leasuring
specific interests in biological, physical and earth
sciences in intermediate grade levels, Joumal of
desearch in Jcience Teaching, Vol. 10, pp. 153-158,



332

Snith, L.4. and Bramblett (1981). The effect of teacher
vagueness terms on students' parfomanca in high

schcol biology. 3
Teaching, Vol. 18, pp. 353-360,

Stronck, D.2. (1983). The camparative effects of differet
mugseum tours on children's attitudes and leaming,

Joumal of Research in Science Teacning, Vol. 20,
pp. 283-290,

Strong, i. (1943). Vocational Interests of Len gnd omen,
Stanford University Press, California,

sund, B, and Trowbridge, L.4. (1973). Teaching Science by
on 3cho werril Publishing
Co,, Cclumbus,

Juper, J.2. (1960), Interests, _ lope du
lesearch, Harris, C. (ed,), dacmillan Publishing
Co., New York,

Tenir, P. (1975). The relationship among cognitive prefermce,
school envirmment, teachers' curricular bias,
curriculum and subject matter., American ‘Hucational
Regearch Joumal, Vol. 12, pp. 235264,

Qanir, P, (1976). The relationship between acuievement in
b:.ology and cognitive preference styles in high
school students, Dritish Joumal of Jucational
Bsychology, Vol, 46, pp. 57=67.

Tamir, P. (1977a). A note on cognitive preferences in science,

studies in Science Jducation, Vol. 4, pp. 111-121.

Yamir, P, (1977b). The relationship between cognitive
preferences of students and their teachers.

Joumal of Curriculum Jtudieg, Vol, 9, pp. 67-74,

QPanir, P, (1981). Validation of cognitive preferences,

British Zducgtional Regearch Joumal, Vol., 7,
pp. 37-49.

Tamir, P. (1983)., Cognitive preferences of Jewish and Arab
high school students who studied an inquiry-oriented
biology curriculum for several years, escarch in

geiance and Technolozical Mucation, Vol. 1, po. 17-26,



333

Tanir, P. (1985), Meta-analysis of cognitive preferances and

leaming, Journal of Research in Science Teaching,
Vol, 22, PP. 1-17. ‘

Tanir, P, and Kempa, R.F. (1977). College students' cognitive
preferences in science. Joumnal of Zdnucational
Research, Vol, 10, pp. 210-218,

Tanir, P, and Kempa, R.F. (1978), Cognitive preference styles
across three disciplines, Science Rucation,
Vol, 62, pp. 143152,

Tanir, P, and Iunetta, V.N. (1978). Cognitive preferences in
bioclogy of a group of talented high school students,
Joumal of Research in Jcience Teaching,
Vol. 15, ppe. 59-64,

Pamir, P., Penick, J, and Lunetta, V.N. (1982) Cognitive
preferences and creativity: an exploratory study.

u
Vol. 19, pp. 123-131,

Tuckman, B, (1968). A study of effectiveness of directive versus
non-directive vocational teachers as a function of
student characteristics and course format, final
report, Rutgers University, New Drungwick, H.J.

Nucdman, B.7. and Waheed, M.A. (1981). Ivaluating an
individualized science programme for community college
students, in S i
Vol. 13, pp. 489-495,

Tyler, R..J. {1967). Resources, models, and theories in tho
improvenent of research in science education,
Journal of Research in Science Teaching,
YO]-. 5, PP+ 43-51.

Van den Berg, E,, Iunetta, V.N. and Tamir, P. (1978). Cognitive
preferences: A validatory study. Studies in

Bducational Dvgluation, Vol, 4, pp. 107-120,

Talberg, H.J. (1967). The measurement of science interests, an
operational and multidimensional approach,
Sciace Education, Vol. 4, pp. 320-326,

Jalberg, H.J. (1969). Social eavironment as a mediator of

classroom leaming, Joumal of Mucational Psychology,
?01- 64! pp‘ 142-146.

Uallach, M.A. and Kogan, N, (1965). Modes of Thinking in Young
Children, Holt, Rinehart and Winston, New Yoxrk,



334

Jelch, W,W. (1969). Some characteristics of h:l.gh school physics
students: Circa 1968,

Science Teaching, Vol. 6, pp. 242-247,

Jilliams, C. (1975). A study of cognitive preferences,

Journal of Sxperimental Zducation, Vol, 43,
No, 3, pp. 61=77.

Winer, B.J. (1971). Statistical Principles in Smerimental
Desim (Secand :dition). MeGraw-Hill Book Conpany,
I—ncog Hew Yom, De 849,

Jitkin, H.A. (1950). Individual differences in east of

perception of embedded figures. Joumal of Pergonality,
Vol., 19, pp. 1-15,

Jitkin, H.A. (1973)., The role of cognitive style in academic
performance and in teacher/student relations,

Research Bulletin B -~ 73 -~ 11, <ducational Testing
Jervice, Princetm,

Jitzin, H,A,, Goodenoughy D R, and Karp, S.A. (1967). sStability
of cognitive style from ch:.ldhood to young adulthood,
u 1j i hol Vol. 7T,

pp. 291-300,

Yager, .. (1982), Factors involved with qualitative syntheaiss
A new focus of research in science education, Journal
of Research in 3cience Teaching, Vol. 19, pp. 337=350.




335
APPEIDIX I

Dear sir,

VALIDATION OF PHYSICS COGNITIVE STYLE TEST

(PCST)

The attached is a cognitive preference test designed to

measure the cognitive preferences of physics students. It consists
of multiple-choice items each starting with a 'stem' which is an
introductory statement or diagram in physics., 3ach stem is
followed by four response options labelled A, B, C, D, All the
response options are CORRECT, ZSach response option is intended

to correspond to one of the following four different modes of

proce ssing scientific information:

Recall (R)

This type of statement represents a knowledge item in physics
such as a specific fact or temm which had been memorised by the
respondent and is easily/readily remembered or recalled in
relation to the introductory statement or diagram. Its selection
by a respondent suggests preference for or acceptance of factual
scientific information for its own sake without consideration of its

implications, applications or limitations,

Principles (P)

This type of statement identifies a fundamental principle
underlying or associated with the information in the stem, Its
choice by a respondent indicates preference for or acceptance of
scientific information because it illuminates or exemplifies a

bagic scientific principle, concept or relationship,
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Application (A)

This type of statement points to a practical application
of the scientific information in the introductory statement or
diagram, Its selection by a respondent indicates preference
for or interest in scientific information becanse of its (potential)
usefulness and application in a general, social or scientific

context,

Questioning (Q)

This type of statement critically questions or challenges
the information in the stem, 1Its choice by a respondent
sugmests a predilection to criticise or challenge a scientific
information with respect to its completeness, validity,

generalizability or limitations,

You are, please, requested to help in validating this
instrument by indicating what type of statement (Ry P, A or Q)
each option corresponds to. You are to write the appropriate
letter, Ry, P, A, or Q beside the letter (A, B, C, D) used to

label the options,

wWhereever you consider it necessary, you may suggest
amendments, modifications or alternatives to stems and/or
options s0 as to make them more suitable,

Thanks for your cooperation and assistance,

N. A. OYEDUM,



APPENDIX IT
Dear 5Sir,

VALIDATION OF INTEKSST IN PHYSICS INVENTORY
IPI

The attached research instrument is designed to assess the
interest of a sample of pre-degree students in physics. Interest
in a science subject such as physics is conceptualised as a
multidimensional variable, Three major dimensions of interest
(topicy activity, motive) each with several categories or

sub-dimensions have so far been identified through research,

Research evidence indicates that learners' interests in a
subject vary with different
(i) topics (or subject matter areas) of the subject concerned;
(ii) activities through which the subject may be learnt;

(iii) motives (contexts, situations or purposes) for which or

in which a particular aspect of the subject may ©e presented

or studied,

The following items written under the three stated dimensions
have been adapted for use in the Nigerian setting from two similar
interest inventories recently used in Europe (West Germany) and
the Middle Bast (Israel).

You are, please, requested to help in assessing the content
and face validities of the items, i.e. whether they are considered
suitable for the dimensions under which they have been written
and for testing the physics interests of Nigerian students. Any
criticiams and/or suggestions for modification would be immensely

appreciated,
Thanks for your anticipated kind cooperation and assistance,

N.A. OYEDUM,



APPENDIX TIT

Name:

Group Sex Age

Anticipated future career

Dear Student,

This test contains 40 items designed to find out your
preferences for different types and orientations of physics
subject matter,

It is not a test of how much physics you know, but of what
type of information you prefer to learm in physics,

A knowledge of what types or orientations of physics matter
you prefer will help us to better organise and plan your physics
lessons,

Each item begins with an introductory statement or diagram
in which some scientific information is presented, This
intrcductory statement or diagram is then followed by four
responge options labelled A, B, C, D,

You are to chow how much you like each of the four responses
by arranging them in order of preference, You will do this by
awarding

I marks to the response which you prefer most or like test,

3 marks to the response which you like next,

2 marks to the next, and

1 mark to the responee which you like least,

Record each mark in the bracket near the letter (A,B,C,or D)

against each response option,



339

Please, note that in each item the introductory statement
(or diagram) and all the response options contain CORRECT
scientific information, There is, therefore, no question
of a response being right or wrong. Each mark you award only
shows your preference, i.e, how the response option appeals to

You,

Read through all the responses carefully before awarding

your marks,
Example

50. It is a cool dry Saturdy evening-
(3) Ae It will be rewarding to weed the cassava famm.
(4) B. The finals of the under-1? VWorld Cup football
compe tition will be relayed live on television,
(2) C. Alawn tennis game would be most pleasant,

(1) D, Visiting a few friends would be quite enjoyable.

From the marks alloted here, watching the lYorld Cup football

match is the most preferred, weeding of the cassava farm is the

next and visiting some friends is the least appealing response,

Please, answer ALL the items, even though the decisions

may be difficult to make,

Thanks for your cooperation,

N. A. OY=DUM,
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INTEREST IN PHYSICS INVENTORY (IPI)

Name:

Group: Sex Age

Anticipated future career:

Dear Student,

This inventory contains items which have been degipned to
determine the level of your interest in different aspects of

physics, It is divided into three sections:

1. Interest in physics topics;
2. Interest in learning activities;

3« Interest in motives or purposes for studying physics.

Your answers can help to make physics lessons more
interesting in future, You are, therefore, requested to
complete this questionnaire as carefully and accurately as
poasible,

In each item, you are required to indicate how high or how
low your interest is by putting a tick (V') in one of the boxes
showvn against the item, You should tick the box corresponding
to the most appropriate answer for you. Tick only ONE box in
each item,

Please, answer ALL the items,

Thanks a lot for your help and cooperation,

N. A. OYEDUM,
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APPENDIX V

PHYSICS COGNITIVE STYLE-‘ TEST (PC3T)

Different substances have different densities,

() A
() B
() c
() o.

An uwikmowm substance can be identified through
knowledge of its density.

Dengity = _lMas

. Volume

This statement does not take into account the effect
of temperature on the demnsity of a substance,

The density of a substance is the mass of unit
volume of the substance,

Jbstaces expand when heated and contract when cooled.

() &
() B.
() @
() o.

Water between 0°C and 4°C does not obey this mle but
rather contracts when heated and expands when cooled,
When a substance is heated the motion of the
molecules increases with the result that the
molecules force each other a little further apart,.
The reverse is the case when a substance is cooled,
The expansion of liquids is employed in liquideine
glass thermometers.

The expansion of solids is less noticeable than the
expansion of liquids or gases,

A steel bar placed inside a solenoid will become magnetised
if current is passed through the solenoid,

() A
() B
() ¢
() b,

The steel bar would not be permanently megnetised if
altemating current is passed through the solenocid..
This process is used for the commercial production
of magnets, '

The nagnetisation of the steel bar results from the

magnetic effect of the electric current in the solenoid,

The best and quickest methed of making a magnet is t
use the magnetic effect of an electric curremt,

A dry plastic comb, after being used to comdb dry hair, will
attract small pieces of light paper if brought near to tham,

() A
() B.
() &
() o,

The comb has acquired static changes

As a result of friction the plastic comb gains
electrons from the hair and becomes negatively
charged while the hair becomes positively charged,
A short length of chain trailing on the ground is
often attached to the metal framework of a vehicle
or hospital trolley to help conduct away to the
earth static charges built on them as a result of
friction,

Is attraction (or repulsion) really an electric or
megnetic effect?
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Fig. 1 shows how an eclipse of the sun occurs.

() A. The diagram does not explain the formation of an
annular eclipse.

() B. A total eclipse of the sun occurs in the region
marked b while partial eclipse occurs at a and c,

() C. M eclipse of the sun occurs when the moon in the
course of its rotation comes between the sun and the
earth and fully or partially prevents the sun's rgys
from reaching the earth,

() D. The appearance of the shadow of the moon during an
eclipse of the sun helps to recanfim its spherical

shape,

waves may be classified into two categories: mechanical waves
wiich require a material medium for their propaggation and
electromagnetic waves which do not require a material medium
for propagaticn,

() A, Light is said to be an electromagnatic wave, If
this is so, how is it possible that it also travels
in straight lines?

() B. WVaves on a string or rope, water waves and sound
waves are examples of mechanical waves while light,
radio waves and x-rays are electromagnetic waves,

() C. In a wave motion energy from the source of
disturbance is propagated fraz one place to
another as the disturbance moves,

() D. ©Short radio waves are employed in radar equipment
used in ships, aircrafts and airfield control towers
for detecting the presence and measuring the
distance of various objects like other ships,
aircrafts or landscapes,

The stability of an object depends en the positim (height)
of its centre of gravity (C.C.).

() A, There are three types of equilibrium: stable,
unstable and neutral equilibrium,

() B, Passengers are not allowed to stand on the upper
deck of a double decker bus so that the height of
the C.G, of the bus remains fairly low,

() C. The width of the base of the object and the moment
of the weight of the object about an axis aloo affect
the stability of its equilibrium,

() D. Abody is in stable equilibrium if a slight displace-
ment produces an increase in potential aergy
(i.e. the C.G, rises) so that the body falls back to
original position when relezsed,
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8, The amount of linecar expansion in a s0lid depends on the
nature of the substance and the rise in its temperature,

() A
() B
() ¢
() o

The statement is not fully correct because the
effect of the original length of the substance is
not taken into account,

A brass rod expands more than an irm rod of the
sane length for the same rise in temperature,
Bimetal strips made of brass and invar are very
sensitive to temperature changes and hence very
effective in regulating the temperatures of thermal
devices,

The higher the linear expansivity or temperature
rise of a substance the greater the expansion it
will undergo.

9« Ooft iron is easily magnetised but also loses its nagnetiam
ecsily while steel takes time to magnetise but also

retains

() A
() B.

() e

() b

its magnetism for a long time,

Soft iron and steel have different magnetic properties,
Soft iron is used for making temporary magnets while
steel is used for making permanent magnets,

The atomic dipoles in the magnetic domaing of the

soft iron are more susceptible to extemal magnetic
fields than those in the magnetic domains of ateel,

Is it not possible to produce another substance or
alloy which is as magnetically hard as steel?

brass cap

g insulator

brasa rod

earthed metal case

Fig. 2 —
2old leaf
} brass plate
— B

10e¢ The diagram of a gold-leaf electroscope is shovm in Fig. 2.

() A
() B.
{) ¢
() o

The device is used for detecting, testing ond
studying small static electric charges,

Divergence of the gold leaf is due to repulsion
between the charged metal plate and the leaf as a
result of like charges induced in them,

The instrument was invented by a Yorkshire clergman
called Abraham Bennet,

Can't any other material (e.g. cigerette alwiiniun
foil) be used in the place of the gold lecaf?
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Conjugate foci are any pair of points such that if an object
is placed at one of them, a real image is obteined at the
other,

() A. This implies that infinity (60) and the principal
focus (F) are conjugate foci but me wonders where
infinity is actually located,

() B. The fact that an object and its image can be
interchanged follows fram the principle of
reversibility of light,

() C, The centre of- curvature of a concave norror is a
self-conjugate point.

() D. Xnowledse of canjugate foci facilitate the drawing
of accurate ray diagrams.

Javes can be reflected, refracted or diffracted, They can
also interfere.

( ) A, All these wave properties may be demonstrated using
the ripple tank,

( ) B. Refraction of a wave is due to change in its spead
when it enters a medium different from that in which
it is travelling originally.

( ) C. Reflection of waves is employed in echo sounding
to meazsure the depth of the sea,
() D, The diffraction of waves is an interesting and

unexpected phenomencan, It would be nice to
understand what actually causes it,

Frictional force opposes the movement of one surface over
another.

() A, Attractive force between the molecules of the
surfaces in contact plays a major part in bringing
about friction,

() B, Without friction walking would be impossible,

{) C, This statement does not seem to account for the
friction in liquids which is known as viscositiy..

() D, The frictional force acting betweem surfaces at
reat with respect to each other is called static
frictional force,

A bar magnet suspended in such a way that it can swing in a
horizontal plane comes to rest in a norfth-south directimn
approximately with a particular end always pointing northward,

() A. The end which points towards the north is called the
north pole; the other end is called the south pole,

() B, Navigational compasses used in ships and aircraftas
function on this principle,

() C. The megnet comes to rest in the stated positiam due
to the influence of the earth's magnetic ficld,

( ) D. This does not apply to a bar megnet that has similar
polarities at its ends (as may be produced by the
"divided touch" method of magnetisation).
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The diagram in Fig.3 shows a sketch of the cooling curve
for naphtalene,

( ) A. The cooling curve showm is correct mly for purs
naphtalene,

() B. A pure substance melts at a definite tawmperature
called its melting point and solidifies at the sanme
temperature also termed its freezing point,

() C. A cooling curve is used to detemine the melting
point of a substance.

() D. Tne melting point of naphtalene is 30°C

Two electrical conductors arranged in such a way that they
can be given equal and opposite charges from an electrical
component is called a capacitor,

() A. Cspacitors are widely used in electrical cirauits,
especially radio and television circuits, to
smoothen the signals.

( ) B, The capacitance of a capacitor is the ratio of the
charge on either conductor to the potential
difference between the two conductors,

C. The capacitance of a parallel - plate capacitor
depends on the area of the plates, the distmce
between the plates and the dialectric mbstance
between tha plates.

() D. "My is the capacitor not used like the resistor in
common electricity experiments carried out in the
laboratory?

The rays of a parallel beam of light incident on a concave
mirror may come to focus at different points on the
principal axis,

() A The effect is described as sphorical aberration,
() B. This hap-ens only in concave mirroras with wide sperture,
() ¢, All rays of light parallel and close to the principal
axis converge at the principal focus after
reflection in a concave mirror,
() D. Parabolic rather than spherical airrors are used in
searchlights and hzadlights of motor wvelhicles
because spherical sberration do:s not gcour in tha,
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Sound requires a solid, liquid or gaseous medium for its
propagation,

() A, Fish can ba attrac ed by the sound of a bell ringing
under water, For :his reason fishermen make use of
transistor beepers which when dipped under water are
claimed to be able to attract fish over a radius of
about one and a half kilometers,

() B, One wonders if the tranamission of sound through a
material medium affects the total energy state of
the medium concemed,

() C. Sound is produced by solid, liguid or gaseous
matter in a gtate of vibration,

() D, Unlike light, sound cannot travel thraugh a vacuum,.

.n object throwmn into the air falls back to the surface of
the earth,

() A. The phenomenon is due to the force of gravity with
which the earth pulls towards itself all objects
within its gravitaticnal field,

() B. The existence of gravitational force was discovered
by Isaac Newton,

() C. The earth's gravitational pull is responsible for
holding the moon in orbit raund the earth,

( ) D. Light objects like paper and cotton lint may float
in the air rather than fall back readily to the
earth's furface,

Both evaporation and boiling require latent heat of
vaporisation and result in loss of liquid concemed,

( ) A, BEther has a low boiling point of 35°C and o
evaporates readily at room teuperature,

() B. This is not to suggest that the two processes are
identical,

() c. Volatile liquid inside the refrigerator pipes
evaporates and takes latent heat of voporisation
thus cooling the refrigerator and camntemts,

() D, During evaporation latent heat of veporisation is
taken fran the surroundings and a cooling eflect,
therefore, results,

The most effective way of demasnetising a magnet is to place
it in a solenoid in which an altemating current is flowing
end then to withdraw it from the solencid,

( ) A. The magnet should be withdramn slowly (while the
current is still flowing) to a distance of several
metres from the solenoid in an east-west direction,

( ) B. Other ways of demagnetisation include heating to
rednesa, vibration or rough treatmeat such as
dropping or hammering,

() ¢, The method is used by watch manufacturers to dma-
gnetise watches, especially those male of stocl
balance-springs.

() D. The alterating current takes the magaet through a
series of ever-diminishing magnetic cycles in oue
sacond until no magnetism is left in it,
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watis = Volts x Amperes,

() A

() B

() c
() o

The watt is the electric power generated wvhan a
current of 1 ampere flows through a conductor
across which there exists a potential difference
of 1 volt,

The working voltage and power gonsvmpiion in watts
usually indicated on an electrical device can be
used to calculate the current in the instrunat..
P = VI, where P = electric power, V = voltage and
I = mrrmta :

Since mechanical power is also measured in watts,
it should be possible to express it in tems of
the product of current and voltage.

The refractive index of crowm glass is 1.52 .

{) A
() s
() c.
( ) D.

The statement does not specify the medium relative
to which this value of refractive index for cruwn
glass is obtained.
For cromn glass, sgin i - 1.52

sin r "
The refractive index of any medium depends on the
speed and wavelength of refracted light,
Manufacturers need to know the refractive index of
the glass which they use in making lenses for
optical instruments like telescopes, microscopes
and cameras,

If a single tap is made at one end of a long iron fence,

a pergon who places his ear against the fence at the other end
will hear two sounds, one coming through the iron followed by
another through the air,

() A
() B

() ¢
()Dl

Sound is transmitted through solids,

Sound travels with different speeds in different
media, It travels faster through irm tham

tarough air,

How is one sure that the first sound heard is that
transmitted through the iron fence,

Some time ago, doctors used thin wooden rods .ith
broadened ends as stethoscopes to hear the scund
of heart-beats of their patients.

For an object falling freely in air the loss of potential
erergy at any given instance is exactly equal to the gain in

kinetic

() A

() B
() c
() b.

mergy.

Is part of the original potential energy not used

up in doing work against air resistance?

Potential energy and kinetic energy constitute what
is knowmn as mechenical energy.

fnergy is never destroyed but only changes fraa one
formm to another,

In a hydroelectric power station the kinetic energy
gained by the water falling to a lower leovel is used
to rotate the turbine as the water pushes cgainst
the turbine blades,
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Jarm liquid or gas rises upwards in its container,

() A This is the process of heat transfer in fluids
and is lmomn as convection,

( ) B, Warm fluid expands tlus becoming less dmse and so
bobs up like a cork released under water,.

() €. Car engines are codled by convectim currents in

_ the water pipes.

() D, If hot air rises upwards and air is a poor
conductor of heat, how does a fire made in an
open place keep the people arcund it wam?

Evidence exists to suggest that the earth is a magnet of
some sort.

() A. The idea of the earth's magnetism was first
suggested by the (Mglish) scientist, Jillian
Gilbert, towards the end of the 16th century,

() B. ihat is the origin or source of the earth's
nagnetim?

() C. The earth's magnetic field is similar to that of
a short bar magnet located at the centre of the
earth with its south pole in the northern
hemisphere and inclined at a small angle to the
earth's axis of rotatiom,

() D. Air and sea navigators require knowledge of the
changes in the earth's magnetic properties to
enable them calculate the correct compass course
to steer,

Fareday's law of electromagnetic induction: ./henever there

is a change in the magnetic flux linked with a cirauit, an

enf is induced the strength of which is proportional to the
rate of change of the flux linked with the circuit,

() A. The direction of induced current is alvays such as
to oppose the change producing it.

() B, Current is induced in the circuit as a remult of
the magnetic flux being cut by the vdre whenever
ei ther the magnet or the coil moves,

() C. This law underlies the operation of the electric
generator (dynamo).

() D. One wonders if credit for this law should not be
given more to Hans Christian Cersted (who in 1819
discovered that magnetism can be produced by an
electric current) than to Michael Faraday,

The sun may still appear visible long after it has set in
the horizon,

() A 'This effect is due to the refraction of light from
the sun as it enters layers of denser air ncar the
earth's surface,

) B. The phenomenocn is called "looming".

( ) C. Astroncmers make allowance for atmospheric refraction
when making precise measurenents of the positions
of stars,

() D. Is it really the sun that is seen or an imuge of
the oun?
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Fig. 4

Bffort

Pig, 4 shows a gystem of
pulleys used for
lifting heavy loads,

Load

() A. This type of pulley is used in cranes for lifting
very heavy loads e,g. in the construction of tall
buildings and in loading and offloading ships in
the doward.

The system of pulleys is called a block and tackle,

C. In using a pulley system, it is easier %o raise a

load by pulling at the free end of the rope becmuse
the hauler uses part of his weight as a pulling
force in addition to his muscles.

() D. In practice most pulleys are not arranged as
portrayed in the diagram, rather the pulleys in
each block are mounted side by side and run
independently on a comzon axle,

—

L
o)
.

31e Radiation consists mostly of infrared rays and has all the
properties of electromagnetio waves,

() A, The amount of energy given out by a radiating body
depends on the temperature of the body =md the
nature of its surface,.

() B. Dull black surfaces are better absorbers and anitters
of radiation than white shiny surfaces,

{ ) C. In a vacuum flask both walls of the glass vesseols
are silvered on the vacuum side to reduce heat
losges by radiation,

() D. One wonders if "radiation™ is a process of heat
transfer or a fom of heat energy.
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If a soft-iron ring is placed in a magnetic field, it is
observed that no flux crosses the space inside the ring,

() A, 1Is the effect independent of the strength of the
magnetic field concemed?

() B. The effect ig known as magnetic screening or
nagnetic shielding,.

( ) C. All the magnetic flux passes through the material
of the ring which has a higher magnetic pemeability
than air,

() D. Delicate measuring instruments which could be
adversely affected by extermal magnetic fields are
protected by enclosing them in thick-walled soft-
iron boxes.

It is nore economical to transmit electric power at low
current and high voltage than at high current and low voltege,

() A, In high vol! ge transmission power losses in fom
of heat are 1all and the cost of cables is reduced
since relati <ly thin cables are required to carry
a low current,

() B. Telephone communication depends on high-voltage
altemating current transmission between two speakers
over long distances without mich loss of emnergy.

() C. Electric power transmission at low current and high
voltage is called "high tension (H.T.) tranmission®,

() D, High-voltage transmission is poasible anly with
altemating current (a.c.) since direct current (d.c,)
cannot be stepped up or down by means of a transfomer,

T tuning fork

Mig. 5 shows an apparatus which
can be used for demonstrating
or studying resonance in a
closed tube (T).

7

!
!

g
l’;
l|'
114

ll'

| Container

() A. Resonance is obtained when =~ Fige 5
a large sound is heard as il ey A=
the length of air column is (=" ..: é water

lll'

-

varied by adjusting (i.e.
raising or lowering) T. p ===l

() B. Adiver jumps repeatedly at one end of a diving
board and thus sets it into resonant vibration with
the result that he gains a considerable uplift
before he dives,

( ) C. During resonance, it is not clear whether the
extemal periodic force which induces reconance is
also vibrating at its'om natural frequency,

( ) D. At resonance, the vibrating tuning fork forces the
air column to vibrate at its natural frequency which
is also equal to the frequency of the tuning forl,

’l
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Fig. 6 shows the formation of the image (I) of an object (0)
placed between the principal focus (F) and the optical
center (C) of a converging lens,

() A
() B,
() c
() b.

W11 the magnification of the image vary as the
position of the object between F and C is altered?
The image is virtual and magnified,. .
The diagram illustrates how a lens may be used as
a magnifying glass,

The rays from O gppear to intersect beyond F after
refraction through the lens,

A lightening flash is usually seen several seconds before
the accompanying tmnder is heard,

() A
() B.
{) ¢
() bo.

Both lizght and sound take definite times to travel
over a given distance but because the speed of light
is high (and by far greater than that of sound) the
time it takes to travel a few kilometers is
relatively negligible,

This phenomenon makes it possible for the gpeed of
light to be measured by noting the time interval
between seeing and hearing an event which takes
place at a knowm distance from the observer,

The difference between the velocity of sound and
the velocity of light is enommous, Has it mything
to do with the fact that scund waves require
material medium for popagation while light waves

do not? 8

The speed of light in air is 3x10 m/s while that

of sound is a mere 331 m/s for dry air at 0°C,
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Mg, 7 shows the essential features of the apparatus used
in calorimetry experiments,

() A. The tem "calorimetry" first came into use at a
time when heat was still regarded as a fluid called
"caloric",

() B, Calorimeter measurements are based on the principle
that if there is no loss of heat to the surroundings
by the calorimeter and contents, healt lost equals
heat Eaiﬂed. .

() C, Wuld it not be more effective to use plastic rather
than copper calorimeters as this would keep heat
lost to the surroundings to a minimum?

() D. Calorimeters are mainly used in science laboratories
for making heat measurements,

If white light passes through a triangular prism, it is
separated into seven different colours of light,.

() A. The colours of white light are: red, orange,
yellow, green, blue, indigo and violet,

() B. The different colours which make up white light
travel with different speeds in the glass prism
hence the geparation,

() C. This effect accounts for why precious stones like
diamond glitter in bright colours when white light
passes through them,

() D. Apart from the colours of white light and their
possible combinations, do any other coloured lights
exist in nature?
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A liquid boils when its saturation vapour pressure becomes
equal to the extemmal atmospheric pressure,

() A
() B

() c

() o

The saturation vapour pressure (s,v.p.) of a

liquid varies with temperature,

Since extermnal atmospheric pressure is equal to

the 8,v.p., further addition of heat causes bubblcs
to form inside the body of the liquid and then rise
to the surface, This is called boiling or

ebulli tion,

In the pressure cooker the time and cost of fuel
required for cooking are greatly reduced as the
boiling point of water is raised under high extemal
pressure,

The external preasure is not necessarily
"atmospheric pressure"™ as in the example of the
pressure cocker,

The seven colours of white light spectrum may be recombined
to give white light,

() A
() B.
() ¢
() b.

How do we account for the fact that only three out
of these seven colours (red, blue end green) also
recombine to give white light?

Red light + green light = yellow light,

The functioning of the colour television depends
on the mixing of coloured lights.

This happens because the mixing of coloured lights
is additive (i.e. colour mixing by reflection fram
a white surface).
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DITSREST DN PHYSICS INVANTORY (IPI)

Intereot in Physics Topics (IPT)
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On the following pages you will find topics which can be
studied in physics lessons, FPlease, indicate how high or low
your interest in each topic is by ticking (v) one of the
boxes shown against each tcpic, Note that the level of your
interest in a topic should be one of the following:
high, high, moderate(i.e. neither high nor low), low or very

low,

Very High Mode~ Low

high

How the height of the

cenire of gravity of an

object determines its

stability ()

Calculating diastance,

velocity, acceleration, and

tine using equations of
(uniformly accelerated

linear) motion ()

Leaning of gravitational
force and its importance
in nature ()

Adventages and disadvantages
of friction and how unwanted
friction can be reduced ()

Convergion of energy from ane
fom to another and its
practical importance in
everyday life ()

Determination of the boiling
points or feezing points of
subagtances ()

Zxpeansion and contraction
of substances when they gain
or lose heat ()

Verifying Boyle's Law
experimentally in the
plysics laboratory ()

Jolving numerical problems

which involve the use or cal=
culation of heat capacities

or gpecific heat capacities

of mubstunces ()

Similarities aznd differences
between cvaporation and
boiling (2

()

()

()

()

()

()

(2

()

()

rate

()

()

()

()

()

()

()

()

()

()

()

()

(2

()

()

()

()

()

()

()

very

Very
low

()

()

()

()

()

()

()

()

()

()
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18.

19.

20,

21.

22,
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24,
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26,

Very
high

Formation of shadows and
eclipses ()

llow different types of mirrows
and lenses affect rays of light
vhich are incident on them ()

I(Ising lens formula or mirrow formula
+ to solve numeric
VR axionl pret )

laking heat measurements in the

laboratory using calorimeter ()
Defects of vision and how they
are corrected ()

Issential components, function

and uses of optical instruments

(e.g. cameras, binoculars,
microscopes,telescopes) ()

Saturated vapour pressure (S.v.p.)

and how it affects the boiling

point of a liquid ()
Uging rope, 'slinky' coil

(spring), stretched string or

pool of water to show different

types of waves ()

Solving simple numerical problems
uging the relationship v = £ ()

Illustrating different properties
of weves using the ripple tank ()

llow sound is produced and how it
spresds or travels ()

How reel and virtual images are
formed in a concave mirrow or
convex lens ()

Pitch, loudness and quality (tone)
as characteristics of sound waves ( )

Heasuring the refractive index
of glass or water in the physics

laboratory ()
Jnat electricity actually is
and how it cen be generated ()

Solving numberical problems

(dece, circuit calculations) using
Olm's Law formula, V=IR or

Es I (R-r) ()

Atmospheric refraction and how

it censes the formation of such
natural phencmena as mirages

and "looning" ()

355

liod o~
High rate
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
() ()
()Y ()
() ()
() ()

Low

()

()
()
()
()

()

()

()

()

()
()

()
()

()
()

()

()

Very
low

()

()
()
()
()

()

()

()

()

()
()

()
()

()
()

()

()
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Very
high High

Compering the speed of light in
air with the speed of sound in
air ()

Demonstrating rescnance in a
closed tube using a tuning fork ()

vhat a capicitor is, its practical
importance and how it is used in an
electrical circuit ) ()

Properties of magnets and
nagnetic materials ()

Production and uses of temporary
and permanent magnets ()

Differentiating between
electrical work (or power) and
neckanical work (or power) ()

Force on a current-carrying

conductor in a magnetic field

and its application in the

elcctric motor ()

Slectromagnetic induction and
the laws (Paraday's law and
Lenz's law) governing it ()

llow different types of machine
help us to do work more easily ()

Lethods of measuring densities
and relative densities of
mubstances ()

Lolecular theory of matter and

how it accounts for the

differences in the properties of
solids, liquids and gases ()

Different types of motion
(translational, rotational,
oscillatory and random) which

objects can execute ()

The kinetic theory and how it
explains various physical

phenonena such as the gas laws,
effects of heat and modes of

heat trensfer ()

How an object (or a space) can
be shielded from magnetic influence( )

The effcct of pressure on the

boiling point of liquids and its
application in the pressure

cooker ()

()
()
()

()

()

()
()

()

()

()

()
()

()

756

Lod o~
rate

()
()

()
()

()

()
()

()

()

(2

()
()

()

Low

()
()

()
()
()

()

()

()
()

()

()

()

()
()

()

Very
Low

()
()

()
()
()

()

()

(2
()

()

()

()

()
()

()
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51.
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55

56,

Ilow heat is transferred through
conduction, convection and
radiation

The use of bimetal strips in
appliances for controlling
temperature

Breaking down of white light
into ita component colours
(i,e. dispersion)

How coloured pictures are
produced in colour television

The different types of radiation
w.dch make up the electromagnetic
gpectrum and their uses

Differentiating between trans-
veorse and longitudinal waves

Jaat echoes are and how they are
usofully employed, for example in
depth sounding, and submarines

Zow electricity is transmitted
fron the power house to the
consumers

Using a goldleaf electroscope
to identify and study static
electric charges

Plotting magnetic fields (lines
of force) and locating neutral
points where applicable

How a magnetic material can be
nagnetised and demagnetised

The earth's magnetism and its
practical importance in naviga-
tion with magnetic compasses

How altemating current (a.c.)
and direct current (d.c.) can be
produced using the simple dynamo

3inple altemating current (a.c.)
circuits and the solution of
aumerical problems involving such
circuits

Very

high High
() ()
() (2
() ()
() )
() ()
() )
() ()
() ()
() ()
() )
() )
() ()
() )
() )
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Llode-
rate

()

()

()

()
()

()

()

()
()

()

Low

()

()

()
()

()
()

()

()

()

()
()

()

()

()

Very
Low

()

()

()
()

()
()

()

(2

()

()

()

()

()

()



3.

1o

2q

Je

4o

5e

%

10,

11

124

13.

14,

15.

16,
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Interest in Leaming Activitieg (TLA)

Below you will find different activities which can be
cariied out by students in order to learn physics, Please,
indicate how high or how low your interest is in each
activity,

Very dode-

high High rate Low
Attending a clasaroom lecture
by a good physics teacher ()Y () () ()
Reading a physics textbook as
a follow-up to a lesson () () () ()
Reading scientifi ' articles in
newspapers, maga’ mes or joumals () () () ()
Cetting a difficult concept or
point explained by a teacher or
soncone else () () () ()
Cetting notes or handouts from
the physics teacher t) () () ()
Reading up a new topic on your
om from a physics textbook () () () ()
Listening to a talk by a great
physicist () ) () ()
Perticipating in field trips or
excursions () () () ()
Jatchning a film, slides or
videotape () ) () ()
Visiting physics displays in a

science fair or science exhibition ()} () ()} ()

Perfoming an experiment in the
plysics lab, () ) ) Q)

Cerrying out an individual
project in physics which involves
reading and experiments () () () ()

Constructing and testing a
sinple physics apparatus or

device () ()Y () ()
D tratin 1 ical

FE R BNk SN DN () () () ()
Settir ta tus £

i o Jiel . () () ) O

Tdiing apart a physics or
tocinical device and putting it
tozethor again after examining it () () () ()

Very
Low

()
()
()

()
()
()
()
(2
()
(2
()

()

()
()

()

()



17.

18,

19.

20,

21,

22,

23,

4.

Drawing a graph to show the
relationship between physical
varsiables

Calculating an unknowm .
physical quantity using a
suitable formula

Planning an experiment to
test a hypothesis

Designing a piece of apparatus
or device to be improvised

Thinking about the validity of
a theory or generalization in
physics

Deriving mathematical fommulas
in physics from first principles

Outlining a physics theory or
law mathanatically

Predicting the results of an
experinent

Very

high High rate

()

()

()

()

()

()

()

()

()

()

()

()

()

()

()

()
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Lode- Low

()

()

()

()

()

()

()

()

()

()

()

()

()

()

()

Very
Low

()

()

()

()

()

()

()

()



Ce

Te

24

4o

D

Te

10.
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Below you will find possible motives (contexts, situatins,
purposes) or reasms for studying physics generally or for
being interested in specific physics topics in particular,
Please, indicate your level of interest (very high, high,
nmoderate, low, very low) in each of the motives.

Interest in Soci aect Very Uode- Low Very
of Physics . high High rate Low

Iffect of hydroelectric dams
or power stations on the

ervironment () ) () () ()
Joys and means of disposing
industrial waste materials () ) () () ()

Moral issues related to the
aanufacture and use of arms and
nuclear weapons () ) () () ()

Contributions of tecmical and
teclmological developments to
evironnental pollution () ) )Yy () ()

Use and abuse of physics
inventions for civil and
military purposes () () () () ()

Controlling natural hazards
such as floods, draught, erosion,
desert encroachment () ) () () ()

ffect of a highly developed
computer industry on the human
labour force () () () () ()

Improving the life of rural

dwellers through road

construction, electricity

supply and water supply () () () () ()

Applications of discoveries and
innovations in physics for the
nedical treatment of diseases £33 3 (a () ()

The role of physics and techno-
logs in the detection and
provention of crime () )y )y () ()



Intorest in Phygics-related Careerg

1.

2e

ol o

Se

Te

8.

%

10.

e

12,

13,

14.
15,

Profegsor of physics in a
wniversity

Rescarcher on the hammessing
of solar emergy for industrial
oend domestic use

Ihgineer
Computer specialist in a
piuysics research institute

Physics teacher in a post-
primary institution (e.g. a
secondary school)

Geophysicist working with an
0il company

Researcher on the development
of miclear energy

Physics teacher in a tertiary
institution

Researcher designer in a

science equipmant manufacturing
firm

Laboratory tecimologist in a
University or research institute

Rescarcher developing electronic
end telecommunication systems

Physics-related career in the
army, airforce or navy

Biophysicist or medical
physicist (e.g. radiologist)
in a hospital)

“eteorologist
Research officer in an

industry, factory or
research institute

Very
high

()

()
()
()
()

()
()
()
()

()
()

()

High

()

——
i

()

()
()
()
()

()
()
()
()

()
£

()
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Zlod o=

rate

()

~—~ o~

()
()
()
()

()
()
()
()

()
()

()

Low

()

~~ o~
b

()
()
)
()

()
()

()

()

()
()

()

Very

()
()
(2

)

()

(2

()

()

()

()
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APPENDIX VII

PHYSICS COQITIVE STYLE TEST (BCST)

SCORING KEY

ITar

10

11

12

13
14

15
16

17

18

19
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ITAL

21

22

23

25

26
27

Q

31

33

35

36

39



