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IN SCIENCE INSTRUCTION IN SECONDARY SCHOOLS
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MurImprovement, future planning, and organization of science lh

should take into consideration a number of student, teacher, and 0141" 1)01

variables (1).
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(01This study examines some of these variables in order to prov4 " ,10(s

to the following questions:

1. What are student cognitive preferences for,earning sciV?

2. What are student activity preferences for doing science?

3. What are the present classroom practices with respect to 51.

instruction?

0

Answers to questions 1 and 2 provide information for State or O'

/Education, curriculum planners, school administrators, and scienu

for future planning and designing of student learning experiences that

to take into account student cognitive and activity preferences.
A

";1sY

question 3

a
with information about student cognitive and activity preference/fq' VIst

in the identification of present classroom practices.
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these classes were supplied by the Department of Education. Each class

was homogeneous with respect to achievement level.

Student ages were 14+, 15+, and 16+ for 3rd, 4th, and 5th forms respec-

tively. A total of 2187 students were tested, although all students did not

participate in all testing. (See Table 1.)

Insert Table 1 here

2. Assumptions. This study involves the following assumptions:

(a) The measures used are valid indicators of student preference

orderings.

The assignment of items to one of the four cognitive areas was

determined by eight expert judges, and only items achieving at

least 90% agreement were included. (See Appendix.)

(b) The sample is representative of all English-speaking students in

Penang (Georgetown) with respect to all relevant variables. (By

definition, a relevant variable is one which affects the preference

ordering of students.)

It is known that the sample is biased (see Design of the Study - 1.

The Experimental Sample) with regard to achievement level, but

results show that th4,; variable has little effect on preference

orderings (see Summary and Conclusions). Achievement, then, is an

irrelevant variable. Furthermore, variables which are highly cor-

related with ach;evement level 'lay also be irrelevant, and have, there-

fore, been ignored. Such variables include intelligence, socio-

economic level, and motivation.
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3. The Criterion Measures. Additional validity and reliability statements

for the following three instruments are included in the Appendix:

Instrument I

Science Cognitive Preference Inventory (SCPI), Author: J. Dekkers and P.

Tamir (4). A 30-item cognitive preference test which is designed to

assess the relative preferences, towards the following four areas, of

students who encounter scientific information on familiar topics: recall

of facts (R), principles and explanations (P), critical questioning and

demand for more information (Q), and practical application (A). There

are no right or wrong answers; the answers merely show student preferen-

ces. A sample question from the instrument is as follows:

"The actual percentage of water vapor in air is called the

relative humidity.

a. The maximum amount of water vapor in one cubic meter (1 m3)

of air at 30°C is 30 grams.

b. One hundred percent (100 %) is the maximum amount of

water vapor that can be in the air.

c. Does the number of people in a room affect the humidity

of the air?

d. Some plants do not grow very well in an environment with a

humidity of less than 50% and, therefore, are not usually

commercially growl. in such conditions."

Cognitive preference tests have been utilized in a number of studie

(5) and their construct validity has been established by numerous re-

searchers (6 - 10). A recent study (l0),that considered the above four

cognitive modeslconcluded that there is a direct relationship between
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student cognitive/preferences, that is, mode of learningland the nature

of the biology curriculum. No studies exist that have focused on

science at the lower secondary level for the purpose of eliciting the

above-mentioned relationships.

Altest-retest reliability of the SCPI instrument used Australian

grade 8 (13 years) high school students (N = 59; 33 males, 26 females) and

gave the following results:

(recall) -r- = 0.81; (principles) -14 = 0.65

(questioning)r= 0.84; (application') "r= 0.79

Instrument II

Activity Preference in Science (APIS), Author: J. Dekkers et al (4).

A 30-item preference test which is designed to assess the relative

preference of students in a problem situation in science. It is de-

signed to exemplify five ways of getting information to solve a. problem.

These ways are: laboratory (L), field-work (FW), reading (R), discussion

(D), and individual projects (P). In addition to the overall preference

pattern, separate subscores are available for physical and biological

science. There are no right or wrong answers; the answers merely show

student preferences.

A sample question from the instrument is as follows:

"Changes in heat cause building materials to expand and contract.

Activities available for investigation are:

(a) Do an inspectio8,8f a number of steel and concrete constructions

such as bridges,/multi-story buildings7to locate expansion loops,

gaps7and other kinds of expansion devices.

(b) Heat and cool a number of building materials in the laboratory to

find out how much they expand and contract.
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(c) Read about the expansion and contraction of different building

materials."

A recent study on student preferences for the above activities showed

that students have definite activity preferences for doing science (11).

The information provided by this instrument can be used to decide the

adequacy of the range of science activities provided by the science

program in question. A measure of the present range and extent of these

activities is, in part, provided by Instrument III (below).

A test-retest reliability carried out with the same sample as used

for Instrument I gave the following results:

(laboratory) 1- = 0.85;

(field work) I" = 0.69;

(project) 1 = 0.62

(discussion) = 0.72

(reading) r = 0.87

Instrument III

Science Activity Checklist (SAC), Author: J. Dekkers et al (4).

A 57-item questionnaire designed to assess the extent to which parti-

cular student and teacher science activities occur in science instruc-

tion. SAC is an extensively modified version of a 48-item agree-disagree

questionnaire developed by Kochendorfer (12) and modified by FAST (4) to

differentiate between traditional textbook-oriented teaching, and inquiry,

laboratory-oriented teaching.* SAC is at present used by the FAST evalua-

tion project.

In this instrument, students respond to items relating to particular

student and science teacher activities on a 5-point temporal scale (almost

always, most of the time, often, some of the time, very seldom).

Scientific inquiry is defined as a systematic aoproach.for seeking infor-
mation, including the .use of observation, experimentation, questioning, and
the use of literature.

-6-
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Sample questions from the instrument are as follows:

Category 1 - Laboratory Activities: "We discuss results from

experiments, after each investigation."

Category 2 - Assessment and Evaluation in Science: "My science

teacher tells.me about my progress in science."

Category 3 - Non Laboratory Activities: "We have class discussion

about kinds of evidence that support our conclusions."

Category 4 - Scientific Inquiry: "Our investigations in science are

very similar to investigations done by scientists."

Category 5 - Teacher Activities and Role: "Our teacher asks us

questions that help us find answers about things that

puzzle us in our laboratory investigations."

Information obtained by this instrument provides immediate feed-

back as to how students perceive the extent and frequency of occurrence

of a number of classroom practices. It thus serves to indicate the

degree of agreement between science teaching practices and the objec-

tives of science education.

An overall test-retest reliability carried out with Australian

high school students (N = 41; all females) gave an "1" = 0.65.

The Penang data supplied overall Cronbach alpha values (Forms 3-5)

of 0.84 to 0.89.

Students were tested in their own classroom or in a school hall.

Instructions were given in English by their science teachers from a

standard fOrmat. No more than one instrument was administered in any

one day, and the instruments were all administered to the total sample

over a period of five weeks.

-7-



Analysis and Discussion

Instrument I. Science Cognitive Preference Inventory (SCPI)

(a) Forms. Mean scores and F-test results for the total sample as well as

for each Form (3-5) are presented in Table 2.

Insert Table 2 here.

It should be noted that, in the Student Response Sheet, the most

preferred cognitive mode is given 1 by the student, the next preferred

is given 2, the next preferred 3, and the least preferred 4. Thus, high

preferences are indicated by low means.

The preferred cognitive modes for the students tested are ordered

as fellows. These are based on mean scores, which cannot at present be

compared statistically within forms because of the unknown effects of

such differences as difficulty levels.

All Forms: Principles = Recall > Application> Questioning
(Most preferred) (Least preferred)

Form 3: Recall Principles = Application )) Questioning
(Most (Least preferred)
preferred)

Form 4: Principles ) Recall > Application , Questioning
(Most (Least preferred)
preferred)

Form 5: Principles > Recall
(Most

preferred)

Application ).> Questioning
(Least preferred)

The table shows a substantial difference between the high (Questioning)

and low (Recall /Principles) mean scores. for each form. That is, there is

a strong preference for Recall/Principles and a low preference for

Questioning.

9



Analysis of variance was used to test for significant differences between

pairs of means for each cognitive mode across the three forms, Differences

are significant across all forms only for Principles. That is, from Form 3

to Form 5 the preference for the use of Principles becomes increasingly

favored, presumably showing an increasing desire by students to understand

rather than merely to absorb factual information.

Conversely, the cognitive mode of Application has a decreasing appeal

from Form 3 to Form 5; this mode, apparently, is not considered important

for reasons that may be related to the predominantly agricultural economy.

Yet, when the above preferences are presented on a subject basis*, a some-

what different situation is revealed:

Biology

All Forms: Recall

(Most
preferred)

I>
Principles > Application Questioning

(Least preferred)

Physical Science

Form 3: Application \> Principles Recall Questioning

(Most (Least preferred)
preferred)

Forms 4/5: Principles > Application
(Most
preferred)

Recall Questioning

(Least preferred)

Cognitive preferences are, therefore, to some extent dependent upon

specific subject areas. The overall cognitive style pattern for the overall

test and for biology is similar. For physical science, however,

Application shows a preference shift from 3rd place to lst/2nd place.

Presumably, the usefuln; and applicability, in a general, social, and

scientific context, of scientific information is considered more

* The number of st,udents taking each suject is not known.

-9-
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important for the physical sciences than for biology. The order of

preference across forms for biology is constant; there is one minor

change in order for physical science.

Although Questioning shows a significant increase in mean scores

from FOrm 3 to Form 5, this mode is, in all cases, awarded the lowest

preference.

It should be noted that the Science Cognitive Preference Inventory

scale is relative rather than absolute. For example, the lowest pre-

ference may not necessarily imply a dislike; the student merely may

like the others better. Similarly, the highest preference may not mean

a real liking.

(b) Achievement. The science cognitive preferences of the three student

achievement categories, Superior (S), High Average (HA), and Average

(A), were next examined. The breakdown of students by achievement is
shown in Table 1.

The order of preference for cognitive modes in the three student

achievement categories are all very similar to each other and to the

orders shown in Table 2, namely:

Principles > Recall Application Questioning
(Most (Least

preferred) preferred)

Table 3, however, shows that there are significant interactions

between the achievement categories in different forms.

IInsert Table 3 here. 1
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( Insert Table 4 herd

The differences, usually, were for the following reasons:

(a) The superior group (S) generally has (i) a lesser pre-

ference for Recall than the high-average (HA) or average (A)

students and ,(ii) a greater preference for Questioning than

the other two groups.

(b) The superior group (S) generally, but, not as significantly,

has a lesser preference for Application than, in particular,

the average (A) group.

(c) The largest significant differences reflecting the above

trends occur in Form 5.

(c) Sex. The breakdown of students by sex in the Penang sample is shown

in Table 1.

Table 4 presents mean scores and F-tests for males and females

in all Forms,



Overall, there is no significant difference in the order of

preference for cognitive areas across forms and between the sexes.

With minor differences this order is:

Principles = Recall Application Questioning

(Most
(Least preferred)

preferred)

When all items are considered there are no significant differences

between male and female preferences in Forms 3 and 4, but in Form 5

there are significant differences for Recall (preferred more by girls

than boys) and for Questioning (preferred more by boys than girls).

Other differences between the sexes can be noted for both biology and

physical science items.

One interesting point, however, emerges when the extent of the

difference between the most preferred and the least preferred cognitive

mode is compared for the two sexes. See Table 5.

Table 5. Differences between most preferred and least preferred

cognitive modes for males and females.

Sex Form 3 Form 4 Form 5 All Forms

.A 3-C#ZS, X L\ 5-( A 5 -<-

Male 6.2 7.0 6.7 6.5

Female 5.3 7.8 8.7 7.7

X = difference between mean of most and least .

preferred mode.



Clearly, the girls show an increasing mean difference between the most

preferred and the least preferred cognitive areas from Form 3 to Form 5.

That is, by the time Form 5 is reached, the girls have more firmly es-

tablished cognitive-style likes and dislikes than boys7and this may well

be due to earlier maturity.

(d) Race. The racial breakdown for the Penang sample is shown in Table 1.

The order of cognitive preference for all items and for all subject areas

is the same for each of the three racial groups involved, namely,

Chinese, Malays, and Indians. This order is:

Principles Recall Application Questioning
(Most (Least preferred)
preferred)

An analysis of variance of the mean scores baied upon race revealed:

(a) no significant differences between the races with spect to any of

the cognitive modes

(b) no significant interactions between races and other variables.

-13-



Insert Table 6 here.

Intercorrelations and Factor Analysis of the Cognitive Preference Scores.

Table 6 presents the results of intercorrelations of the cognitive

preference scores.

This .ab, shows a high negative correlation between Recall and Questioning.

That is, students with a high preference for Recall have a low preference for

Questioning.

A number of principal data component analyses with Varinax rotation were

performed for the SCPI data. A 3 factor solution was accepted for all data as

providing the most meaningful structure. This was based on the criteria that

all factors accounted for over 80% of the total variance, and accounted for all

factors with eigen values greater than 1.

Table 7 presents the results of factor analysis of the cognitive preference

scores.

Insert Table 7 here.

In the analysis for the total test, Factor 1 indicates a high inverse

relationship between (R) and (Q) scores which is independent of (A) and (P)

scores. This factor corresponds to the "curiosity scale" found in previous

studies (9, 10, 13, 14). However, unlike previous studies (A) and (P) emerged

as separate factors and may be described as "utilization scales". The total

scheme may be interpreted as follows:

Factcr 1, the "curiosity scale", indicates that students with a high pre-

ference for (R) have a low preference for (Q). This factor is rather inde-

pendent of (P) and (A) as indicated by rather insignificant loadings contri-

buted by (P) and (A).

Factors 2 and 3 suggest that both (P) and (A) scores are independent of each

other. That is, a student's (P) score is not significantly

-14-
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may be interesting but hardly a profitable way to use class time; it is,

therefore, consistently least preferred. The shifts in preference from

Form 3 to Form 5, as well as preferences associated with achievement levels

are all believed to be in response to exami:iation demands. Most students

prefer what they are expected to do, and eventually, learn to do what they

have to do.

Asian culture reveres the scholar (teacher and text) as the repository of

"knowledge", and classroom experience in Penang by one of the authors con-

firms the relative absence of questioning behavior. Students generally

hesitate to question the teacher or text in case this is seen as a challenge

to rluthority, knowledge, or status.

These results can be used to support two different views. One is to

see an ordering preference for Recall and Principles as reflecting appro-

priate preparation for examinations that emphasize these cognitive preference

areas. The other view is to see a low preference for Questioning as evidence

of instruction that does not emphasize inquiry.

Are other preferences possible? Different orders have already been noted

for the analysis by subjects (Biology and Physical Science - see Forms). An

even more striking example is reported by one of the authors from Queensland,

Australia, where Questioning is most preferred (15). This order, both overall

and for separate Forms, is al follows:

Questioning > Recall
(Most
preferred)

Principles = Application

(Least preferred)

-17-



One wonders whether, if a different cognitive preference order were

felt desirable - for example, one emphasizing Questioning as part of an

inquiry-type science curriculum - this could be brought about by changing

the examination emphasis and
2
hence, classroom teaching procedures. How-

1

ever, no comparison with the Penang study is at present possible because of

lack of knowledge concerning the relative importance of the cultural and

educational variables involved. Further research is needed to assess the

effect of these factors.

Instrument II. Activity Preference in Science (APIS).

(a) Forms. Mean scores and F-test results for Forms 3-5 are presented in

Table 9.

-1S-
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IInsert Table 9 here.

In the Student Response sheet, the most preferred activity is given 1

by the student, the next preferred 2, and the least preferred 3. As with

Instrument I, high preferences are indicated by low means. It should be

noted that both the Science Cognitive Preference Inventory and the

Activity Preference in Science scales are relative rather than absolute.

For example, the lowest preference may not necessarily imply a dislike;

the student may merely like the others better. Similarly, the highest

preference may not mean a real liking.

Based on mean scores, the preferred activity areas are:

Overall:

(All items, Field > Laboratory > Projects = Reading ,Discussion
all forms) (Most (Least

preferred) preferred)

Form 3:

Form 4:

Form 5:

Field ) Laboratory > Projects > Reading
(Most
preferred)

Field ;> Laboratory > Projects > Reading
(Most
preferred)

Field > Reading > Laboratory > Projects
(Most
preferred)

Discussion
(Least
preferred)

Discussion
(Least
preferred)

Discussion
(Least
preferred)

The Table shows a substantial difference between the high (Field) and

low (Discussion) mean scores for each form. That is, there is a strong

preference for Field and a weak preference for Discussion These results

tend to support the findings from the Science Cognitive Preference Inventory

-19-



(see Instrument I) where Questioning rated a consistent "Least preferred".

Analysis of variance was used to test for significant differences

between pairs of means for each activity area across the three forms.

Significant differences occur only between Forms 3 and 5; this is due to

the'change in preference for Laboratory and Reading. Why should the

Laboratory become a less preferred activity (although not statistically

significantly so) and Reading a significantly more preferred activity as

the scores are examined in sequence from Forms 3 to 5? Presumably because

Reading about science results in examination success while the laboratory

does not. A probable contributing factor is that the Lower Certificate

of Education examination at the end of the 3rd Form year eliminates many

of those who dislike reading; those who remain are made up of a large

number of students whose preference for reading - real or forced - must

be moderate to high.

Discussion is unequivocably the least preferred activity mode in all

instances. This is presumably a cultural attribute as Discussion in Asian

classrooms (and also in Questioning - see Instrument I) is liable to be

viewed as being synonymous with doubting, challenging, and/or questioning

the teacher rather than (as it should be) doubting, challenging and/or

questioning data and conclusions.

Table 9 also presents results on a subject basis.* This shows a some-

what different order.

* Number of students taking each subject area not known.



' Subjects.

Biology:
Forms 3-5.

Projects = Reading ;> Laboratory > Field > Discussion
(Most (Least

preferred) preferred).

Physical,
Field ;> Laboratory > Discussion > Projects = Reading

Science:
(Most (Least preferred)

Forms 3-5.
preferred)

There is little similarity between the order for the overall test and

for biology except that Discussion is least preferred in both cases.

There is much more similarity with the physical science order except that

Discussion now occupies a position of moderate rather than least preference.

Why biology Projects should be most preferred while physical science

Projects are least preferred is not clear. Perhaps almost all the Project

work is done in biology. There is also evidence for a significant increase

in preference for Reading and for Projects in biology. The higher preference

for Reading in biology compared with a lower preference in physical science

is, perhaps, self-explanatory.

Activity preferences, therefore, are to some extent dependent upon

specific subject areas. An interesting observation is that, on a subject

basis, Reading and Projects are always closely associated with one another.

Perhaps Penang students consider these two activities together because most

individual Projects may well be reading exercises which are then written up.



(b) Achievement. The science activity preferences of the three student

achievement categories, Superior (S), High Average (HA), and Average (A),

were next examined.

Student preference orderings for activity modes are very similar

across achievement levels. The findings - which apply to all forms

may be summarized as follows and compared with orders shown under

Forms:

Table 10. Activity preferences for different achievement levels.

Achievement Level

Superior High Average Average

Overall
(All items,
al 1 forms)

F>L>P>R>D
Essentially same
as overall test*

F = L>P>R>D
Same as overall
test

F = R>L>P)D
Shift in rea-
ding

Biology P = R>L>F>D
Same as Biology

P = R>L>F>D
Same as Biology

P = R > L> F = El

Same as Bio-
logy

Physical
Science F>L>D>R = P

Shift in P and D.

F>L>D = PiR
Shift in D.

F> L> D>R> P
Shift in P
and D.

Table 11, however, provides F values that reveal significant interac-

tions between the achievement categories in different forms. The differences

not only reflect a change in order for preferences in the different activity

areas, but also the extent of preference for a particular activity in the

different subject areas.

* Compare order under Forms.

Tnsert Table 11 here
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A summary of these results is as follows:

Superior and High Average groups are very similar, but compared

with the Average groups, have a greater preference for Laboratory

and for Field For each of these activity areas, a majority of

the differences between means are statistically significant.

(ii) To a lesser extent than above, the Superior and High Average groups

have a greater preference for Projects than the average groups.

(iii) In Forms 4 and 5, Average groups have a greater preference for

Discussion than the Superior and High Average groups, and almost

all the differences between means are statistically significant.

(iv) Except for Average Form 3 pupils, there are no significant

differences between acheivement groups for Reading.

(c) Sex. Table 12 presents mean scores and F-tests for males and females

in all forms.

IInsert Table 12 here)

There are no significant differences in the patterns for activity

preference areas across forms either for all items or for subjects, for

either males or females. With minor differences - chiefly reversal of

Projects and Reading - this order is:

Field > Laboratory> Projects > Reading >Discussion
(Most (Least

preferred) preferred)
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However, while order patterns are all very similar, there are a

number of significant differences between males and females. These

are as follows:

(i) Discussion is invariably the least preferred activity for

both males and females for all items and for both subjects.

It becomes significantly least preferred by females in Form

5. This lack of Discussion is presumably a cultural factor.

(See Forms)

(ii) Females generally have a greater preference for Reading -

a passive activity - than males, and this preference is

significant for all Forms (all item ,and for Biology and

Physical Science) and for Forms 3 and 5. Girls also

have a generally greater preference than boys for the

Laboratory and for the Field. Activity preferences among

girls appear to be more firmly established than they are

for boys - a probable concomitant of the earlier maturity

of girls.

(iii) More significant differences between the sexes occur in

Form 5 than in any other form, and this applies to all

items and both subjects. Suggested reasons for this include:

a) earlier maturation of girls than boys, and b) different

goal orientations for the two sexes.

(iv) Fewer significant differences occur in Form 4 than in any

other form. Perhaps Form 4 is felt by students to be the

year of greatest school and personal stability.
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It will be remembered that significant sex differences were

not very evident with the Science Cognitive Preference Inven-

tory (SCPI). The fact that significant differences between

the sexes are encountered with the Activity Preference in

Science (APIS) suggests that the kinds of activities pro-

vided in science programs should perhaps be determined by

the sex of the group receiving instruction.

(d) Race. The activity ordering preferences (All items and All Forms)

for the several races are as follows:

Chinese: Field > Laboratory > Projects > Reading > Discussion
(Most (Least
preferred) preferred)

This order is the same as that found for Forms, Achievement, and Sex.

Malays and Indians:

Field ) Reading > Laboratory > Projects > Discussion
(Most (Least
preferred) preferred)

Again this order is essentially.the same as previously except for the

shift in Reading.

However, an analysis of variance between races in different Forms

does reveal some significant differences, particularly in Form 5 and

with Biology items. See Table 13.

Insert Table 13 here.
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Generally, the results fall into two groups. The Chinese in one

group, and the Malays and Indians in the second group.

The Chinese in All Forms have a greater overall preference for

Laboratory, Field, and Projects than the other two racial groups.

At the same time, the Chinese tend to have less preference for

Discussion than the Malays and Indians. These differences tend to

account for the significant F-values. Only minor differences occur

between the Malays and Indians.

Intercorrelations and Factor Analysis of the Activity Preference Scores.

Table 14 presents the results of intercorrelations of the

activity preference scores.

Insert Table 14 here

Table 15 presents the results of factor analysis of the

activity preference scores.

Insert Table 15 here I

The factors that emerged are as follows:

Factor 1 (Laboratory) - (Reading)
Factor 2 (Discussion) (Projects)
Factor 3 (Field)

Factors 1 and 2 show relatively strong loadings of opposite sign. Factor 1

indicates a high inverse relationship between (R) and (L) that is affected

by (P) scores. Factor 2 reveals an analagous situation to the (D) - (P)

pair score that is only slightly affected by the (F) score. (F) emerges as

a separate factor. It, however, is inversely related to (R).

The scheme may be interpreted as indicating that students with

a high preference for (L) have a lower preference for (R) and vice versa.
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IInsert Table 16 here.

for (P). Furthermore, a low or high preference for (D) is associated with

high or low preferences for (P). Preference for field work (F) is

apparently rather independent of the other activities although it is some-

what inversely related to (R).

A similar factor structure emerges for biology, but the

structure for physical science is somewhat different. It is as follows:

Factor 1 (Field) - (Reading)
Factor 2 (Projects) - (Discussion)
-Factor 3 (Lab"oratory).

Factors 1 and 2 in physical science bear strong inverse relationships, and

Factor 3 contains an independent component.

It is of interest that the factor analysis of the SCPI and APIS

data supports the contention that cognitive and activity preferences for

science are subject area dependent.

Summary and Conclusions.

Table 16 summarizes the activity preferences in science of the Penang

secondary school sample.

is:

When all items are considered together the preferred activity ordering

Field > Laboratory> Projects ) Reading > Discussion
(Most (Least preferred)
preferred)

and this order is essentially the same for all variables concerned. There

is, therefore, some evidence to support the view that activity preference

orderings are not strongly affected by form, achievement level, sex or race.
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Furthermore, there appears no reason to believe that Penang is any different

from any other urban environment in Malaysia with respect to these preference

orderings. One is tempted to explain the invariant order by suggesting the

same reasons as those advanced for the Science Cognitive Preference Inven-

tory, namely, cultural (low preference for Questioning/Discussion), and

educational (high preference for activities that produce examination success).

Certainly the cultural aspect seems solid enough, yet one wonders whether

Field activities are related to examination success. Perhaps they are not,

and they are preferred simply because students like to get out of the

classroom and do their science outside. In other words, Field appears to

be a real preference as distinct from a Teacher/Examination imposed pre-

ference. Similarly, the relegation of both Questioning and Discussion

to a "Least Preferred" position seems a real preference because both these

ways of learning are demonstrably unfamiliar to Malaysians.

For the two instruments (SCPI and APIS) examined to date, areas of

low cultural preference tend to be least preferred by students yet, at the

same time, these appear to be real preferences; educational preferences,

on the other hand, tend to be most preferred and appear to consist of

both real and imposed preferences.

Other educational systems produce, apparently, different activity

preference orderings. In Australia, for example, a recent study(16)

showed that Reading was least preferred, and Discussion was of moderate

preference for several 3rd Form classes.



Instrument III. Science Activity Checklist (SAC).-

(a) Forms. Mean scores and F-test results for each science activity

category for All students and for Forms 3-5 are presented in Table 17

The "I" column or "mean item score" is obtained by dividing the mean

category score by the number of items in that category.

IInsert Table 17 'ere. j

In the Student Response Sheet students are asked to check () each

activity as occurring Almost Always, Most of the Time, Often, Some of

the Time, or Very Seldom, and these are coded 1 (Almost Always) to 5

(Very Seldom). The lower the mean the greater the evidence of an inquiry

approach to science instruction (see definition of Inquiry, Part I.)

When the item means (I) are ordered for the five activity categories,

the following results are obtained:

All Forms: Scientific Inquiry> Evaluation> Laboratony> Class > Teacher
Activities Activities Activities Activities Role

Activities

Form 3: Class Activities = Evaluation > Scientific> Laboratory > Teacher
Inquiry Role

Form 4: Scientific> Laboratory > Evaluation > Class >Teacher Role
Inquiry Activities

Form 5: Scientific> Laboratory > Evaluation >Class
Inquiry Activities

> Teacher
' Role

(Most traditional; (Least
least inquiry traditional;
oriented) most inquiry

oriented)
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These results - all but one of which are on the high side of the

Response Scale mean of 3.0 - reflect a very traditional textbook

oriented approach. Scientific Inquiry activities (except for Form 3)

are seen as being approached in a somewhat traditional manner;

Teacher Role is seen as the least traditional activity.

Three out of five activity categories show a statistically

significant increase in mean scores from Form 3 to Form 5, indicating

an increase in the traditional textbook-oriented approach as the important

Malaysian Certificate of Education examination approaches at the end of

the Form 5 year.

(b) Achievement. The perceptions about science instruction held by the

different achievement levels were next examined.

Table 18 provides means and F-values that show several significant

differences between the achievement levels for All Forms and for

Forms 3-5.

Insert Table 18 here.

When the item means (I) are ordered, the following results are

obtained:

All Forms:

Superior: ScientificEvaluation> Class > Laboratory > Teacher
Inquiry Activities Role

High Average: Scientific>Evaluation> Laboratory> Class >Teacher
Inquiry Activities Role

Average: Laboratory ;> Scientific>Evaluation> Class Teacher

Inquiry Activities Role

(Most traditional; least (Least traditional;
inquiry oriented) most inquiry oriented
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Again, these results reflect a very traditional textbook-oriented

approach with Scientific Inquiry activities more conventional than

Teacher Role. The reader may wish to order item means for. Forms 3-5.

The position of Laboratory Activities in the ordering sequence

deserves comment. Supdrior and High Average achievers perceive Labora-

tory as being somewhat inquiry-oriented whereas Average achievers

(particularly All Forms and Forms 3 and 4) see Laboratory as the most

traditional of the five categories.

Such ordering suggests that the brighter students have fairly

rigorous laboratory sessions more in tune with those of real scientists;

Average achievers, on the other hand, do not seem to operate in the

laboratory as do scientists in the real world (see Summary and Conclu-

sions). Presumably teachers feel that Superior and High Average

achievers are able to operate within an inquiry mode, whereas average

achievers are not. The reason for such decisions could well be connected

with the disparate time needed by the several achievement levels to

complete the science syllabus when taught as inquiry.

The principal conclusions are as follows:

(i) Laboratory Activities are considered significantly more inquiry-

oriented by Superior and High Average achievers (All Forms,

and Forms 3-5 - particularly Form 4).

(ii) Teacher Role Activities are seen as significant'y more inquiry-

oriented by Supecior than by Average achievers.

(iii) Evaluation Activities are seen as significantly more inquiry-

oriented by Average than by Superior achievers (Forms 3 and 5).
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(iv) Scientific Inquiry Activities are seen as significantly more inquiry

oriented by Average than by Superior achievers (Forms 3 and 4).

(c) Sex. The perceptions about science instruction held by the two

sexes were next examined. Table 19 provides means and F-values for

males and females in all forms.

Insert Table 19 here.

An ordering of item means (I) produces the following results:

All Forms:

Males: Scientific>Laboratory ) Evaluation > Class -,Teacher
Inquiry Activities Role

Females: Scientific > Evaluation > Laboratory > Class >Teacher
Inquiry Activities Role

(Most traditional;
least inquiry
oriented)

(Least traditional;
most inquiry
oriented)

Scientific Inquiry is seen as the least inquiry-oriented activity;

Teacher Role as the most. The reader may wish to order item means

for Forms 3-5.

These data provide the following conclusions:

(i) For every category, for All Forms and for Forms 3-5, males (with

one exception in Form 3) have lower mean scores than females.

Also, in Forms 3 and 4, and for All Forms, at least four out of

the five activity categories have significantly lower means for

boys than girls.
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(ii) For both sexes, increasing means show a general trend towards

a more formal type of science instruction in Form 5.

(iii) At the Form 5 level, significant differences between means apply

to only two out of the five activity categories. This indicates again

a more similar classroom environment for the sexes than existed

in the lower forms.

The above findings are believed to be in response to external

examination demands.

(d) Race. The perceptions about science instruction held by the three

races were next examined.

Table 20 provides means and F-values for Chinese, Malays, and

Indians in All Forms.

Insert Table 20 here.

When the item means (I) are ordered the following results are

obtained:

All Forms:

Chinese: Scientific > Evaluation > Laboratory .> Class `,Teacher
Inquiry Activities Role

Malays: Scientific> Laboratory > Evaluation > Class > Teacher
Inquiry Activities Role

Indians: Scientific > Evaluation > Laboratory > Class >Teacher
/'Inquiry Activities Role

(Most traditional;
least inquiry
oriented)

-33-
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The overall order is essentially the same as for the previous

variables. The reader may wish to order item means for Forms 3-5.

(1)

The following conclusions may be drawn:

The higher mean scores for Chinese in almost every case - particular-

ly the number of significant differences at Form 5 - seems to

suggest that the Chinese perceive their science instruction as

more formal and traditional than the other two races.

(ii) The mean scores of Indians (except for Form 3) are the lowest of

the three races and point to their perception of instruction as

being the most inquiry oriented of the three races.

(iii) With minor differences, the mean scores of Malays and Indians

are very similar to each other indicating fairly close agree-

ment on the kind of instruction they are receiving.

i. n view of the fact that classes are mixed racially, the authors

have difficulty in providing an explanation for (i) and (ii)

above.

Summary and Conclusions. Table 21 summarizes student perceptions of

science activities during science instruction in the Penang secondary

school sample.

Insert Table 21 here. I
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Entry I (Order) in the Table shows the overall result of ordering

the item means for the different categories. Two facts emerge:

1. All categories (ith the exception of Class Activities and, in

particular, Teacher Role) are seen as either neutral or tending

towards a more formal, traditional, textbook approach. Teacher

Role is seen as somewhat more inquiry oriented.

2. This order is essentially constant for all variables concerned.

That is, there is some evidence to support the view that student

per-eptions of science activities during science instruction are

not affected by form, achievement level, sex, or race. Further -

more, there appears no reason to believe Penang is any different

from any other urban environment in Malaysia with respect to

these perceptions.

3. While the order of categories is not essentially affected by

achievement level, sex, or race, these variables did affect the

extent to which classroom activities were either inquiry oriented

or traditional - especially for sex.

Why is the Teacher Role more inquiry-oriented than Laboratory when a

reasonable assumption appears to be that what happens in the Laboratory

is a direct reflection of teacher behavior?

Clues may be found in an examination of Teacher Role which shows that

this category subsumes items that involves questioning, class discussion,

and telling. In response to these items, students perceive an instructional

environment in Penang in which the teacher:

-.35-
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(a) Asks questiOns that:- relate the present topic to previous lear-

wing, help students find answers to laboratory problems, en-

courage thought about class science activities, and (b)

incourages students to:- disagree with him where necessary, record

lnly experimental data actually observed, share ideas and findings

with other groups, understand rather than to memorize.

Such classroom activities as these emphasize the inquiry

mode of instruction.

The Laboratory, on the other hand, subsumes items that involva

experimental procedures as well as discussion and questioning. In spite

of the fact that these are all components of inquiry, students perceive

an instructional environment in which:

(a) experimental findings are seldom investigated further

(b) students rarely design their own experiments

(c) there is little analysis and discussion of peer results (inclu-

ding unusual data) in order to reach a group consensus

(d) students generally do not use the laboratory to test hypotheses

(e) alternative methods of attacking laboratory problems are seldom

considered.

. The distinction between teacher verbal behavior and what actually

happens in the laboratory is seen in teacher encouragement to "share

ideas and findings with other groups" (Teacher Role) yet, in practice,

"little analysis and discussion of peer results to reach a group consensus"

takes place (Laboratory). In a true inquiry type classroom teacher questioning

and laboratory practice are closely integrated.
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As with Instruments I and II, the invariant order reflects a uniformity

of classroom environment which is believed to be in response to examination

demands. It should be noted, however, that the Science Activity Checklist

scale (as with scales for Instruments I and II) is relative rather than

absolute. For example, the least traditional activity nay not necessarily

imply a strong inquiry component; the other activities may merely contain

less. Similarly, the most traditional activity may not be strongly tradi-

tional.

Teacher responses to this. Checklist confirm, in general, student

responses. Details are as follows:

1. Teacher order for the different categories is the same as that for

students.

2. Teacher use of scale extremes is less than that for students.

3. Teacher style becomes more traditional between Forms 3 and 5, and

student data confirm this.

4. Significant differences (p<0.05) for Evaluation, Class Activities,

and Teacher Role occur between Forms 4 and 5.

An 11 of 42 limits further analysis.
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Questions for Further Research

1. Can these findings, involving English-speaking students,

be generalized to students who are poor in English or who

do not speak English?

2. Does the trend described under Achievement continue to the

below average students? That is, do the latter show a

lesser preference for Recall and a greater preference for

Questioning?

3. Can the findings of this study be generalized to rural

Malaysia?

This paper has described the science cognitive

and activity preferences, together with the perceptions of

present instructional practices in science, of a sample of

Penang, Malaysia, secondary school boys and girls and their

science teachers, and has inferred from these findings to the

remainder of urban Malaysia.

If change is desired in Malaysian science class-

rooms and there is evidence that it is from the recent

and continuing support of curriculum development in Science

Education - then student preferences and student perceptions

of science instruction may well merit attention.

Comments on this paper from teachers and others

interested will be welcomed. Communications may be addressed

either directly to the authors or to the Editor of this Journal.
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Table 1

SMENT POPULATIONS ON DIFFERENT FORMS AND TESTS

TOTAL POPULATION

SCPI APIS SAC SCPI

FORM 3

APIS SAC

Total 2187 2164 2172 793 789 785

Sex: Male 1018 1025 1000 374 369 364

Female 1169 1139 1162 419 420 412

Achievement:

Superior 1075 1055 1069 379 374 369

sigh Average 342 342 332 146 148 148

Average 770 767 771 286 267 268

Race: Chinese 1476 1491 1464 550 547 542

Malay5 542 507 542 173 173 173

Indians 168 166 166 69 69 70

SCPI

678

317

361

347

104

227

442

189

47

FORM 4

APIS SAC SCPI

FORMS

APIS SAC

685 692 716 690 695

322 326 327 334 320

363 366 389 356 375

354 360 349 324 340

103 104 92 91 80

225 228 275 275 275

451 454 484 493 468

187 190 180 147 179

47 48 52 50 45

13



MF2.N SC03ES AND F VALUES FOR COGNITIVE MODES IN DIFFERENT FORMS (SOH).

'C67.itive Node

Principles (P)

qu:stionin3

4plication (A)

Biolo3y Items

:ecall (R)

Principles (P)

questioning (Q)

Application (A)

Phys. Sc. Items

Recall (R)

Principles (P)

Questioning (Q)

Application (A)

All students

: SD

72.2 10.4

72.2 6.7

79.3 11.6

74.1 6.5

41.6 7.1

43.9 5.0

47.3 7.8

45.6 4.8

3o.6 5.1

28.3 3.9

32.0 5,3

21.4 4.1

F0PJ 3 (a)

SD

72.4 9.6

73,4 6.5

.78.8 10.8

73.4 6.4

41.6 6.6

44.5 5,o

47,1 7.2

45.5 4.9

30.8 4.8

28.9 3.9

31.7 5.0

27.9 4,o

FORM 4 (b) FORM 5 (c)

SD X SD

72.3 9.9 71.9

71.9 6.5 71.2 6.8

79.3 11.2 80.0 12.9

74.2 6.5 74.7 6.5

F

Value

a:b a:c b:c

(df:1;1469) (df=1;1507)(6f=1;1393)

11.7 NS NS NS

41.6 7.1 41,6 6,7

43.8 4.9 43.3 54

47.5. 7.5 47.4 8.6

45.6 4.8 45,9 4.8

30.7 4.8 30.3 5.7

28.1 3.8 27.8 3.9

31.8 5.2 32.6 5.7

28.6 4.2 28.8 4.a

19.00, 43.0' 4,2

NS 3.9"

4.9,* 14.c.

is

NS

NS NS . NS

8.3' 19.6$ Na

NS N6

NS NS NS

NS NS NS

14.5' 30.7'
mc
0.

NS 10.1' 7.6'

1C.8* 17,4' Ns

Only statistically significant F values are reported " p .01, " p = .05 level



TABLE 3

MEANS STANDARD DEVIATION AND F VALUES FOR COGNITIVE MODES FOR ACHIEVEMENT (SCPI),

Cognitive

Atli

ALL rim

F

blue

df

1;

2184

BIOLOGY ITEMS

t

Value

di;

1;

2184

PHYSICAL SCIENCE ITEMS

t

Value

Of

1;

2184

Achievement Achievement Achievement

All FIrmi

Superior

N11075

lip Average

8a342

Average

8.770

Superior

811075

High Average

8,342

Average

1.770

Superior

1.1075

High Avenge

Na542

Average

5v770

; SD 7; SD ; SD ; SD Z SO i SD x SD ; SD x SD

2e:61 73,0 10,6 70,2 11,0 72,1 9,8 9.6' 41,8 7,4 41,0 7.0 41,5 6.7 Ns 31,2 4.8 29.2 5.7 30.5 5,1 19.7'

Pronolva 72.2 6.5 72.4 7.1 72.1 6.8 NS 44,1 4.9 43.8 5,3 43.8 4,9 NS 28,2 3.9 28.6 5.6 28.4 4.0 NS

;:r..1:cm;ng 78.7 11,8 79.6 11,2 81,1 12,0 5.6' 46.8 8.0 47.6 7.5 48,4 7.8 6.9' 31.9 5.3 32.0 5,4 32.6 5.3 NS

Aoo:icition 75.9 6.6 73.6 6.4 74,4 6,4 NS 44,8 4.9 45.9 4.8 45.9 4.8 5,4" 28,2 4,0 28.5 4.5 28.9 4,2 4.0"

?or 5

'.0....,11 73.7 10.1 71.9 9.6 70.8 8,4 7.6' 41,8 7.0 42,6 6.9 41,4 6.8 NS 31,9 4.7 50.7 4.8 19.4 4.6 22,4,

'littipleo 73.4 6.3 74.3 7.2 73.0 6.5 HS 44,7 5.0 45.3 5.3 43.8 4.9 5.3" 28.6 4.0 29.0 3,9 29.3 3,9 NS

.;"1t199M 77.4 11,6 7.L4 11,9 79.6 8.7 NS 46,6 7.9 46,9 7,6 47,9 5.8 Ns 31,8 5.0 31.5 5,7 31.7 4.6 NS

4o,:stktion 77.9 6.6 72.8 6.4 74,7 6,0 7.5 45.6 4.9 45,0 5.0 45,7 4.7 NS 27.2 3,9 27.8 4,1 29.0 4,0 16.6'

For. 4

;,c,c,,, 72,2 10,1 72,5 8.7 72.5 10.0 NS 41,4 7.3 42,6 6.9 41,4 6.8 Ns 30.8 4.7 30.1 4.4 30.9 5.1 NS

Inn:Alla 71.8 8,7 71.0 6.0 72.4 7.0 NS 43,7 4,8 45.2 4,7 44.1 5.2 NS 29,1 3,9 27.8 3,4 28.3 4,0 Ni

..xtioning 79,0 11.5 79,7 6.9 79.7 11,8 NS 47.5 7.7 47,5 6.4 47.8 7.7 NS 31.6 5.2 32.2 4,3 31,8 5.6 is

t?:::14tion 74.6 6.5 75.9 6.1 73.6 6.6 55 45.9 4.8 44.7 4.9 45.5 4,6 NS 28.7 4.1 29.2 4.3 28.2 4.4 is

i

73.0 11.6 73,0 10.6 65,0 13,4 19,3' 42,2 8.0 41.7 7,2 39,0 7.4 6.4' 30.7 5.1 31.3 7.0 25.9 5,3 34,7'

PrAoiolto 71.5 6.7 70.9 1.3 70.8 6.8 NS 43.8 5,0 42,1 5.6 43,3 4.9 Ns 27.7 3.8 27,5 4.1 2,3.8 3.3 5.6"

'voiloting 78.6 12,4 70.5 12.9 86.8 13,4 15,6' 46,4 8.2 47,2 8,5 52.0 8.7 16.5' 32.2 5.6 54.8 5.5 35.3 5,2 8.2

A:;11C4t100 74,5 6.5 75,1 b.7 74.7 6.5 NS 45.8 4,9 45,0 4,2 46,4 5,0 Ns A
2-.8 3.9 30.1 4,1 28.3 4.1 7.2'

Only eignificent 1 volute reported " p .05, ' p .01 level.



V:XS SCCLS AND VALES CT, CCGNI?:VE PREFERENCES OF VALES AND FEXALES (s PI)

Malec

ALL FORMS V FORM 3

Females F h Eales Females F Males

FOR 4

Females F

FO2N.5

4.1eG Females F

Vode N = 1012 N :1169 clf=1;2185)1 N 2 374 N 2 419 (df=1;791) N : 317 N = 561 i(df=1;676) N ; 333 N : 355 (df.1;686)

114.6 rt SD X SD x SD x SD X SD Tc SD K 5; X SD

ecall (R) 72.7 9,0 71,8 11.5i NS 72.6 8.8 72.3 10,1 NS 72.3 8,6 72.3 10.8 NS 73,2 9.6 70.8 13.4 6.5**

i,rinc:^lee (P) 72.2 6.5 72.2 6.9' NS 73,1 6.5 73.6 6.5 NS 71.9 6.5 71.8 6,6 NS 71,6 6.5 70,8 7.2 N3

,matlosis3 (1) 73.7 10.1 79.9 12.9 5.4** 78.8 9.8 78.8 11.5 NS 78.9 9.3 79.6 12.5 NS 78,3 11.2 21.5 14.2 10.2*

.7H,ir.ation (A) 74,0 6.4 74.1 6.5 NS 73.3 6.4 73.5 6.5 NS 74,3 6,4 74.1 6,5 NS L74/5 6,4 74.8 .6,6 Ns

mr.lim.
42.2 6.4 42.1 7.6 11.7* 42.1 6.3 41.1 6.9 4,8** 41.9 6,5 41.2 7.61 NS 142.4 6,5

r
4C.9 (.7*

(?) 43,8 5,0 44.0 5.01 NS 44,1 5,1 44,8 4.9 3,8** 43.8 5.0 43.8 4,9' NS 143,4 4:8. 43,3 5.2 '05

oltioninc, (.) 47.2 6.8 47.4 8,5 NS 47,2 6.7 47.1 7.7 Ns 47.6 6.4 47.4 8,4
1116.8 7.4 47,9 9.5

i.701icrtion (A) 45,3 4.8 46,0 4,7 13.6* 45,1 4,8 464 4,9 6,5* 45,2 4.8 45.9 4.6
3.8** 45.5 5,u 46.2 4.7 3,4"

30,5 4,6 NJ 5.5
US

30,4 4.7 31.2 4,9 4.7** 30 31.0 5.0 NS 30.6 4,8 3io 6,4 N:5

!TAzi:i111 (P) 23.5 4,o 28.2 3.9 IIS 29.0 4.0 28.8 3.9 NS 28.2 4.0 28.0 3.6 NS 28,0 3,8 27,6 3,9 us

(c.) 31.5 4.9 32.5 5.6 16.2* 31.7 4,7 31.8 5.2 NS 31.3 4,7 32.2 5.6 4,7** 31,6 5,2 33,4 5,8 19.3*

krlicntion (A) 28.8 4.2 28.1 4.0 14,74 28.2 4,3 27,6 3.7 5,4 ** 29,1 4,1 28,2 4,2 7,44 29,0 4,0 23,5. 4,0 NS

(up 'p .0,01)



Table 6, INTERCORRELATIONS OF SCORES IN COGNITIVE PREFERENCE AREAS FOR TOTAL TEST (ALL STUDENTS) - SCPI*

Recall (R)

Fundamental Principles (P)

Critical Questioning (Q)

Application (A)

.05

-.72

-.43

-.48

-.15 -.18

* It should be realized that, in interpreting these correlation coefficients, the ipsative nature of

the cognitive preference test, would, per se, result in low negative correlations between the score

in one area and those in the remaining areas (for a random score distribution over all areas

r-values of -0.33 would be expected).

5()



TAELE 7

VARIMAX ANALYSIS OF COGNITIVE_ PREFERENCE SCORES (SCPI).

Cognitive Preference Area Rotated Factor Loadings

Total Test Factor 1 Factor 2 Factor 3

Recall (R) .90 -.05 .27

Principles (P) .07 .78 .06

Questioning (Q) -.81 -.49 -.28

Application (A) -.01 -.04 .76

Percentage of Variance 45.2 28.4 23.8

Biology Items

Recall (R)

P rir 4;": (p)

Questioning (Q)

Application (A)

Percentage of Variance

.91

.01

-.85

-.03

50.5

-.20

.81

-.42

-.o8

26.8

-.27

-.09

-.31

.77

23.0

Physical Science Items

Recall (R)

Principles (P)

Questioning (Q)

Application (A)

Percentage of Variance

.74

-.36

-.85

-.20

38.1

-.46

.21

-.50

.82

32.1

-.41

.78

.07

-.38

27.3



Table 8. Summary of Penang Results Science Cognitive Preference Inventory

(3-5)

ACHIEVT,NT

(Superior, High Average,

Average)

SEC

7emale)

RAC'

(Chinese, P.212y,

Indians)

go

I, CRIS

(All Items) PRI3CIPLES RECALL > A PPLICA TI4117.ST
(nst preferred) (Least preferred)

1. Significant increase

in preference for

Princinles and Ques-

tioning an Forms

to 5.

2, Significant decrease

in preference for

Anplication from

577575,

;;uperior group 7,ererally

shows significantly

different:

1. Lesser preference

for P.ecall and Aonli-

cation.

2,Greater preference

for Questioning.

The largest differences

occur in Form 5,

1. in Form 5, signifi-

cant differences in

favor of:

(a) preferre

:lore by girls.

(b.) ^,uestioning

,

prelerree more by

boys,

2, Forn 5 level

girls have more

firmly established

cognitive style

likes and dislikes,

significant

differences,

no

interactions,

4



Table 9:
.

MEANS SCORES AND F-VALUES FOR ACTIVITY PREFERENCES IN DIFFERENT FORMS APIS)

Activity Area

All Items

ALL FORMS

N = 1473

FORM 3 (a)

N = 789

FORM 4 (b)

N = 685

FORM 5 (c)

N = 690

a:b

(df=1;1473)

a:c

(df=1;1366)

b:c

(df=1;1374)

X SD X SD X SD X SD

Laboratory Work (L) 34.1 4.6 33.9 4.7 34.1 4.5 34.4 4.4 NS NS NS

Discussion (D) 40.3 5.6. 40.3 5.7 40.4 5.5 39,8 5.7 NS NS NS

Field Work (F) 33.3 5.2 33.3 5.2 33.5 5.2 33.2 5.2 NS NS NS

Reading (R) 34.7 7,2 35.2 6.9 34.8 7.0 34.0 '7.6 NS 8.8* NS

Project Work (P) 34.7 5.7 34.8 5.4 34.7 5.6 34.6 6.0 NS NS NS

Biology Items

Laboratory Work (L) 18.7 3.0 18.6 3.1 18.7 3.0 18.8 2.9 NS NS NS

Discussion (D) 21.1 3.3 21.2 3.4 21.2 3.3 20.9 3.4 NS NS NS

Field Work (F) 20.2 3.6 20.2 3.6 20.4 3.6 20.1 3.6 NS NS NS

Reading (R) 14.8 3.3 15.0 3.2 14.9 3.3 14.6 3.4 NS 4.1** NS

Project Work (P) 14.8 2.8 15.0 2.7 14.8 2.8 14.6 3.0 NS 4.3** NS

Physical Science

Items

Laboratory Work (L) 15.4 2.5 15.3 4.5 15.4 2.6 15.4 2.4 NS NS NS

Discussion (D) 19.1 2.9 19.1 3.0 19.2 2.9 18.9 3.0 NS NS NS

Field Work (F) 13.1 2.8 13.1 2.8 13.2 2.9 13.1 2.8 NS NS NS

Reading (R) 19.9 4.5 20.2 4.3 19.9 4.5 19.4 4.7 NS 10.8* NS

Project Work (P) 19.9 3.6 19.9 3.5 19.9 3.5 19.8 3.8 NS NS NS

. Only statistically significant F- values reported (**P=0.05, *M.01)



TABLE 11

MEAN STANDARL DEVIATM AND 7 VALLS FOR ACTIVITY AREAS FOR ACUIEVEMFIIT (APIS)

Activity

Arta Superior

ALI 'MS

Average

F

Valuo

BIOLOGY ITEMS

Average

7 .

Yaluel

1

Superior

pgysIca SCIENCE !TEN
F

Value

Achievement

HiEh Averag,

Achievement

Superior High Average
Achioment

Hi h Avera o Amato
ALL FORMS 1055

X SD

342

Z SD

767

; SD

(df:2;

2161)

1055

X SD

342

X SD

767

I SD

(dfa2; 1055

2161)

X SD

342

X SD

767

; SD

(df:2;

2161)

9.7'

NS

7,30

YS

4.3"

IN;

NO

5.6's

11.7'

7.2''
liS

(dr:2;

6E2)

4.5

Ns

NS

NS

UUS

df:2.

687)1

3.9..

5:99'

NS

4.3"

Laboratory Work

oinussion

Field Work

Reading

Project, Work

!DI LI

Laboratory Work

Diecueen

Field Work

Reading

Project Work

FPI 4

33.7

40.3

32.8

35.0

34.6

374

33.6

39.8

32.3

36.0

34.7

354

33.5

4160

33.3

35.0

34.7

324

34.1

40.2

32.6

34.0

34.3

4.6

5.6

5.5

7.5

5.7

4.6

5.5

5.4

6.6'

5.5

4.6

5,7

5.5

7.6

6.0

4.5

5.5

5.5

8,3

6.1

33.7

40,2

33.3

34.4

34.0

148

33.3

40,4

34,1

35.4

34.6

103

34.2

39.5

33.6

33.7

34.8

91

33,6

40.9

31.6

33.5

32.1

4.3

5.4

4.6

6.6

5.7

4.7

5.7

4.8

6.6

5.7

4.2

5.0

4.9

7.0

5,5

3.8

5.4

4.7

6,0

6.4

34.7 4.5

39.9 5.6

34.1 4.8

34.3 6.9

35.1 5.2

267

35.5 4.7

41.0 5.8

34.2 4.8

33.8 7.3

35.0 5.1

225

35.1 4.3

39.7 5.3

34.0 5.0

35,0 6,4

34,7 4,9

275

34.6 4,5

38.9 5.7

34.2 5.1

34.3 7,0

35,4 5,8

13.1'

NS

14.9'

NS

40"

(df:2;

786)

4.6"

4.1..

12.5'

8.7$

NS

(df:2;

682)

9.1'

5.6"

US

US

NS

(df:2;

657)

NS

6.2"

10,4'

NS

10.3'

18.5 2.9

21.1 3.2

19.9 3.6

15.0 3.4

14,7 2.8

374

18.4 3.1

20.9
3.3

19.8 3.7

15.5 3.1

15.0 2.6

354

18.4 3.0

',1.6 3.3

30.2 3.7

15.0 3.4

14.8 3.0

324

18.9 2.8

21.2 3.2

19.7 3.6

14.5 3.6

14,5 2.9

18.4

21.1

20.3

14.7

14.6

148

18.3

21.3

20.7

14.7

14,9

103

18,7

20,4

20.4

14.8

15.0

91

18.3

21.4

19.4

14.6

13,8

2.9

3.3

3.3

3.1

2.9

3.1

3.5

3.3

3.0

3.0

2.8

3,2

3.3

3.3

2.6

2.7

3.0

3.1

2.9

3.0

19.1

20,9

20.7

14.6

15,0

267

19.0

21.5

20.6

14.4

15.0

225

19.4

20.9

20.7

14.9

14.7

275

18.9

20.3

20.9

14.8

15.1

3,1

3.4

3.5

3.3

2.7

3.2

3.5

3.5

3,4

2.5

2.9

3.1

3.4

3.1

2.6

3.0

3,4

3.5

3.3

3.0

8.7'

NS

12.7'

2
hS

(dfa2;

786)'

HS

vs

6,0'

9.3'

NS

(df:2;

682)

7.8'

6.7'

NS

Ns

NS

(df:2;

687)

tl6

7.0$

10.6'

NS

8.1'

15.2

19,1

12.9

20.0

19.9

374

15,2

18.8

12,6

20.6

19.8

354

15.1

19.4

13.4

20.0

20.0

324

115.1

19.0

113.1

119.5

119.9

2.5

3.0

2.9

4.7

3.7

2.4

2,9

2.9

4.2

3.6

2.5

3.0

2.8

4.7

3.7

2.5

3.0

2.9

5.2

3.8

15.2 2.5

19.2 2.9

13.0 2.8

19.7 4.2

19.4 3,7

148

15.0 2.5

19.0 2.9

13.4 2.8

20. 4.2

19.8 3.5

103

15.5 2.7

19.1 2,9

13.2 2,8

18.9 4.4

19,8 3.7

91

15.4 2.2

19.5 3.0

12.2 2,6

18.9 3.7

18.3 4.1

15,7 2.5

19,1 2.9

13.4 2.8

19.7 4,3

20,1 3,3

267

15.6 2.5

19,6 3.0

13.6 2.6

19.4 4.5

20.0 3.4

225

15,8 2.5

18.8 2.8

13.3 2.9

20.2 4,0

20.0 3.2

275

15.7 2,4

15.6 2.9

13,3 2.7

19.5 4.3

20.3 3.5

Laboratory Work

DIACUnliOn

Flold work

Rending

Projoct Work

11:31J.

Laboratory Work

Dieduasion

Field Work

Reading

Project Work

ONLY SIGNIFICANT F VALUES REPORTED " p .05, p .01 LEVEL



TOLE 12

A:;0 F VALUES OF A0TIV7,7
PREF,RMS CF Yi4LFS AND'FINLES (APIS)

Activity Area

;ill Item

ALL FURS

Niles Females

11
, 10,25 N 1139 df:1;2163)

SD X SD

Naleg

: 369

FCRN 3

Feuleg

: 420

SD

F Male;

df:1;789i N 322

SD

1.1mlomm.

L..'prJtory Ark (L)

(d)

(F)

Pnj:t (P)

.11Num!....1.44.1

Item;

Lo-tory .orf!,

Project

34,4 4.5 33.8 4.6

40,0 5.6 40.4 5.6

33.3 33.0 5.5

35.3
7 34.1 7.8

34,7 ).1 34.7 6,0

18,9 3.0 18.5 ).1)

2C,9 3.3 21,2 3.3

20,5 3,4 20.1 3.7

15.1 3.0 14.6 3.5

14.8 2.6 14.8 2.9

9.0

4
11.2'

13,7'

8,8'

3,9"

6.6"

10,7'

Ns

33.3 4.6

40.0 5.7

33.6 4.9

36,1 5.9

51.3

18.6 3.1

! 21.0 3.4

1 20.5 3,4

1 15.4 2.8

14.8 2,4

33.9 4.7

40,1 5.7

32.9 5.3

34.3 7.6

35.2 5.3

1i;.6 3,1

21.4 3.4

20.0 3.7

14.6 3.4

15,1 2,9

NS

115

3.8"

12.7'

4.711

40.3

33.8

34.7

34.4

4,8

5.5

4.3

6.5

5.3

NS 19.1 2.9

NS /1,4 3.3

3.9" 20.4
3,4

13.1, 14.8' 3.1

NS 14.6 2.7

F02N 4

Feule;

11;363

SD

33.7 4.5

4o.0 5.4

33,3 5.6

34.9 7.6

35.1 5.8

13.4 3.0

21,0 3,3

20,4 3.7

15.0 3.1

15,o 2.3

'df:1;683)i

)

1 Yale&

N g 333

X" SD

Fa; 5

Fra:er

N : 355

x SD

F

8.4'
::s

115

NS

8,6'
NS

IIJ

S

115

34.7 4.2

)8.9 5.5

33,7 4.6

35.o 6.5

35.3 5,4

19,2 2.9

20.5 3.3

20.5 3.4

15.0 3.1

15,4 2.3

33.7 4.5 (6.0'

5.61 1:.

Y..7 5.i.: 6."

1i,2
Co)

0 ro

33.7 6.5; 11.6'

14.6 3.; 7.';"

21.3 3.2; 11,2'

19.6 3,6

14.3 3.6

14.3 3,11 12.5''

15.5 2.5 15.3 2,5 NS 15.3 2,5 15,3 2.4 ;IS 15.6 2.3

15,0 3,0 19.2 3,0 Ns 19,1 3,4 19,2 3,4 115 19.4 2.9 Ilr'9,20 22:59 14:65 22:49 5;.23 ::1'9 11.0'

1:,3 2,6 12,9 2,9 3,9' 1 15.2 2,7 13,0 3.0 Ns 13,5 2.7 12.9 3,0 5,8"° 1312 2,5 12.) 3,0

2C.2 4,0 19,5 4,8 12,5' 1 20',7 3.9 19,3 4,7 9.1' 19,9 4.1 19,9 4,8 0 126,0 4,1 1,9 9.2'

19.9 3,4 19,9 3,8 NS 19,6 3,3 20,1 3,7 Na j19 8 3,3 20,1 3,7 NS
1I

2O,2 3,5 19.4 4,c 7,2..

(p , 0.5 level, 'p a 0.011evel)



TABIU

MEAN STANDARD DEVIATION AND F VALUES FOR ACTIVITY AREAS FOR RACE (APIS)

ActiTity

Arlie

ALL ITEMS F

Value

(df :2,

2161)

RACE

CHINESE MALAYS INDIANS CHINESE

NI 9 k'507 N'1

X SD i SD x SD.

0149

SD

Laboratory Work 33.8 4.5 34.5 4.7 35.0 4.5 7.8 18,6 3.0

DiGCUS163 40.5 5.5 39.2 5.4 39.6 6.2 11.1' 21.3 3.3

Field Work 33.1 5.2 34.1 5.0 33.6 5.5 7.8' 20,1 3.5

Reading 34,9 7.3 34.2 7.1 33,6 7,4 4.5" 15,0 3.3

Project Work 34.2 5.7 35.6 5.2 35,6 5.5 12.8 13.2 2.6

1121.2 N'547 NI 69 (df=2; N.547

786)

Leboretory Work 33.6 4,6 34.1 4.8 35.1 4.7 NS 18.4 3.1

011cumtion 40.6 5.5 3%7 5.6 39.9 6.5 NS 21.4 3.4

Field 'work 33.1 5,1 33.9 5.2 33.3 5.1 NS 20.1 3.5

35.3 6.9 34.9 7.0 34.4 7.2 NS 15.1 3.2

Project Work 34.6 5.4 35.1 5.3 35.3 5.1 NS 14,8 2.7

Rt:1 4 N'541 Ns 187 N :47 (df:2; 0 451

682)

Li.tnretory Work 33.9 4.4 34,5 4.9 34,7 4,4 NS 18,6 2.8

40.9 5,4 38.9
5.4 40,7 5.9 9.1' 21.5 3.2

ileld 'work 33.5 5.2 34.0 5,3 32.4 5.5 NS 20,4 3.4

Reading 35.1 7,1 34,2 7.2 34.0 7,4 NS 15.0 3,3

Project Work 34.1
5.5 36.1 5.4 34.8 5.8 8.8' 14.5 2,8

.111.5 N: 493 P147 01:5o (df=2;

687) 0493

Lohretory Work 33.9 4.5 34.8 4,1 35.2 4,5 3.9" 18.7 2.9

Dievaoion 40.2 5.6 39.1 5,3 38.3 5.9 3.9" 21.0 3.3

Field 'eork 32.6 5.4 34.1 4.3 35.0 5.8 9.6' 19.8 3.6

Reedic3 34.5 7.6 33.3 7.2 32.1 7,5 N7,3' 14.8 3.4

Project Work 33.9 6,1 35.4 6.1 36.7 5,7 14.5 3.0

ONLY SIGNIFICANT' F VALUES REPORTED " p .05, p .01 LEVZ.

mon ITEMS,

RACE

MALAYS

N:507

x SD

18.9 3.1

20.6 3.3

20.6 3.5

14.6 3,3

13.8 2,5

N.173

18.7 3.1

22.8 3.5

20.5 3.5

14.8 3.2

15.3 2.6

N:187

18.9 3.3

20.4 3.2

20.6 3.8

14.7 3.4

15.5 2.7

)11147

19.1 2.8

20.7 3.2

20,9 3.1

14.2 3,1

15.0 2.9

Value

(df=2;

2161)

7 CAL
I 2 1

RACE

ITEMS

Value

(df=2;

2161)INDIANS CHINESE MALAYS INDIANS

H.166

; SD

V.1491

SD

N.1507

x SD

10166

z SD

19.5 3,0 8.2' 15.3 2.5 15.6 2.6 15.6 2,4 NS

20.7 3.5 10,2' 19.2 3.0 18.6 2.9 18.9 3.2 7.5'

20,6 3.8
5.91$

13,0 2.9 13.5 2.8 13.o 2,9 5.5"

14.2 3.2 5.6" 20.0 4.5 19,6 4,4 19.4 4,7 Ns

13.6 2.3 11.7' 19,6 3.6 20.4 3.6 20.5 3,9 9.3'

N:(9, (dfx2;

786).

N1547 N.173 N:69 (df:2;

786)

19.4 3,1 NS 15,2 2.5 15.4 2.5 15.7 2.4 NS

23.0 3.6
38"

19,2 2.9 19.0 3.0 19.1 3,4 Ns

20.5 3.6 Vs 13.0 2,8 13.4 2.8 12.8 2.9 NS

14.4 3.2 NS 20.3 4.3 20.1 4.5 20.0 4.6 NS

15.2 2.3 NS 19.8 3.6 19.8 3.5 20.2 3.7 ti,

447 (df=2; 0451 N4187 N, 47 (cf:2;

602) 682)

19.6 2.7 NS 15.3 2.5 15.6 2.7 15,1 2.6 Ns

21.3 3.5
6.9' 19,4 2.9 18.5 2.8 19.4 3.1 7.3'

19.7 3.8 NS 13.1 2.9 2.9 2,9 12.8 2.9 NS

14.4 3.0 NS 20.1 4.5 4.4 4.4 19.6 4.9 Ns

15.4 2.6 7,4' 19.6 3.5 3.5 3.5 20.1 3.8 6,4'

(df=2; 11:493 N.147 0 50 (df:2;

687) 687)

191;.?53.2 NS 15.2 2.4 15.7 2.4 15.8 2.2 NS

20.1 3.4 NS 19.1 3.0 18.5 2.8 15.2 3,1 4.6"

21.6 3,9 10.5' 12.9 2.9 13.5 2.3 13.4 3.0 Ns

14.8 3.5 NS 19.6 4.7 19.1 4.6 18.2 4.6 NS

15.3 2.9 NS 19.5 3,7 20.4 3.8 21.5 3.5 8.8'



Table

INTERCORRELATIONS OF SCORES IN ACTIVITY PREFERENCE AREAS (TOTAL SAMPLE) (AP1q*

Activity Area L D F R

Laboratory Work (1)

Discussion (D)

Field Work (F)

Reading (R)

Project Work (P)

-.36

-.03 -.40

-.48 -.05, -.31

+.06 -.50 +'.04 -.38

* It should be noted that, in interpreting these
correlation coefficients, they are ipsative in nature

and would, per se, result in low negative correlations
between the score in one area and those in the

remaining areas (for a random score
distribution over all areasr-values of -0,25 would be expected).

31



TABLE 15

VARIMAX ANALYSIS OF ACTIVITY PREFERENCE SCORES (APIS).

Activity Preference Area Rotated Factor Loadings

Total Test

Laboratory Work (L)

Discussion (D)

Field Work (F)

Reading (R)

Project Work (P)

Percentage of Variance

Factor 1

.57

-.06

.13

-.91

.47

44.2

Factor 2

.25

-.90

.12

.09

.48

21.18

Factor 3

.02

-.15

.67

-.34

-.08

18.3

Biology Items

Laboratory Work (L)

Discussion (D)

Field Work (F)

Reading (R)

Project Work (P)

Percentage of Variance

.47

.01

.07

-.97

.31

38.3

.25

-.92

.10

.02

.48

24.2

-.02

-.31

.85

-.15

-.10

20.1

Physical Science Items

Laboratory Work (L)

Discussion (D)

Field Work (F)

Reading (R)

Project Work (P)

Percentage of Variance

.14

.17

.4o

-.92

49

40.0

.66

.73

-.23

,01

-.34

.o4

25.5 I 17.8

US



Table I& Summary of Penang Results -- Activity Preferences in Science (APIS)

FORMS

(3-5)

ACHIEVEMENT

(Superior, High Average,

Average)

SEX

(Male, Female) .(Chinese,

. RACE

Malays,

Indians)

I, ORDER FIELD> LABORATORY>PROJECTS>READINGDISC1 S-SION'
(All Items) (Most preferred Least preferred )

II. ANALYSIS 1. Significant increase 1. Superior and High 1. Reading preferred 1. Chinese generally

OF in preference for Average students more by gixis than have greater pre-

VARIANCE Reading from Forms show significantly

greater preference

boys; significantly-

different for All

ference for Laboratory,

3-5 for All Items and Field, and Projects

both subject areas. for Laboratory and Items, All Forms,

Subjects, and Forms

than other racial

groups.Field than Average

2. Significant increase

students.

2. Superior and High

3 and 5,

2. Laboratory. and Field 2. Malays (and Indians

in preference for Average students preferred signifi- in Form 5) have a
.

Projects in biology (mainly in Form 5) cantly more-by girls greater preference for

from Forms 3-5. show a significantly than boys (All Forms). Discussion than other
.

3. Decrease in prefer-

ence for Laboratory

greater preference

,for Projects than average

g. More significant dif-

ferences between

groups,

3. Only minor differences

between Malays and

studmnt3,

3. In Forms 4 and 5,

Average students

from Forms 3-5. have a significant-

ly greater preference

for Discussion than

sexes occur in 'c'orl

5 and fewer in foi.a

4

Indians.

the other students.

4. Except for Average

Form 3 pupils, there

are no significant

differences between

groups for Reading.



TABLE 17

MEAN SCORES AND F VALUES IN ACTIVITY CATEGORIES IN DIFFERENT FORMS

MENRY

ALL STUDENTS

N = 21n

FORM 3 (a)

N = 785

FORM 4 (b)

N z 692

FORM 5 (c)

N = 695

b(:s..

1;1475)

, (T.,.

1;1478) 1i385)

Category x ED :1 SD i SD : SD

Laboratory Activities 58.8 1093 57,9 9.2 58.5 11.6 60.1 10.0 NS 20.0' 7.6

E7aluaticn 27.9 4.6 28.4 4.6 27.5 4,3 27.7 4,7 14,2* 7,9' NS

Class Activities 27.3 4,8 28.4 5.0 26.6 4.7 26.6 4.6 54.8* 54.4* NS

Nature of Science 19,2 4.0 18,8 3.8 18.8 4.1 20.0. 4.2 NS 31.1' 28.3°

Teacile: Role 36.3 6.9 35.5 6.9 35.9 6.8 37.5 6,9 'NS 31(10 19.5*

Only 3ignificant F values are reported p 0.01



TABLE 18

MEANS, STANDARDS DEVIATIONS AND F VALUES FOR ACTIVITY CATEGORIES IN DIFFERENT FORMS

ACHIEVEMENT

CATEGORY

Superior

ALL FORMS

Laboratory Activities

Evaluation

Class Activities

Scientific Inquiry

Teacher Role

FORM

Laboratory Activities

Evaluation

Class Activities

Scientific Inquiry

Teacher Pole

FORM 4

Laboratory Activities

Evaluation

Class Activities

Scientific Inquiry

Teacher Role

FORMS

Laboratory Activities

Evaluation

Class Activities

Scientific Inquiry

Teacher Role

Na 1069

X SD I

57.9

28.3

27.6

19.5

36.1

58.6

29.0

28.7

19.3

35.8

56.5

27.7

26.5

20.5

35.6

58.7
28,3

26.6

19.9

9,5 3.05

4.5 3.14

4.9 3.07

4.0 3.25

6,6 2.58

Wa 369

9.5 3.08

4.3 3.22

4.9 3.18

3.8 3.21

6.8 2.56

N 360

9.4

4.5

4.5

3.9

6,4

gs340

9,4

4.7

4.6

4,2

6,6

2,97

3.07
2.94

3.41

2.54

3.08

3.14

2,96

3.32

2.64

High Average

)1%332

; SD I

Average

F

Value

58,2 9.8

28.2 4.5

27.3 4.8

19.6 3.8

36.1 7.3

Nc148

56.9

29,0

29.0

19.2

36.4

N: 104

57.6

27.9

26.8

18.6

34,8

1480

3.06

3.14

3,0

3.26

2.58

7.8 3.00

4,5 3.22

5.1 3.22

3.6 3,20

6.8 2,60

9.5 3.03

4.2 3.10

4.2 2.97

4.0 3.10

6.8 2.49

61.1 10.3

27.2 4,5

26.0 4.9

19.8 3.4

36.7 5.4

3.21

3.03

2,88

3.30

2.62

N =771

SD I

63.1 12.6 3.32

27.3 4.6 3.03

27.0 4.8 3.00

18.8 4.2 3.13

37.4 6.8 2,67

60.9

27.4

27.6

17.9

34.7

N: 268

8.6

4,8

4.8

3.7

7.0

We 228

67.6 10,9

27.1 4.2

26.6 5.0

18.3 4.1

39.3 7.3

61.6

26,9

26.7

20,3

38,4

14: 27d

100

4.8

4.5

4,3

7.6

3.20

3.04

3.07

2,98

2.48

3.56

3.01

2.95
3,05

2.80

3.24

2.98

2.97

3.38

2.74

(df=2;2169)

34.9'

NS

NS

NS

5.2"

(df=2;782)

10.2'

10.1'

5.9"

11.6'

NS

(df=2;689)

42.8'

NS

NS

12.8'

16.0'

(df=2;695)

7.1'

5.4"

NS

NS

3.9"

. ONLY SIGNIFICANT F VALUES ARE REPORTED " p = .05, ' p = .01 LEVEL,

1)



TABLE 17

MEANS, STANDARD DEVIATIONS AND F VALUES FOR ACTIVITY CATEGORIES FOR MALES

AND FEMALES )

Males
SEX

Females
F

ValueCategory

ALL FORMS W=1010
R SD I

N-1172
R SD (df=1;2172)

Laboratory Activities 56.8 9.5 2.99 60.5 10.6 3.18 72.3*

Evaluation 26.9 4.6 2.98 28.7 4.4 3.19 85.3*

Class Activities 26.7 4.8 2.97 27.7 4.8 3.08 23.9*

Scientific Inquiry 18.9 4.0 3.15 19.4 4.o 3.23 8.5*

Teacher Role 35.4 6.7 2.52 37.4 7.o 2.67 30.9*

FORM 3 Air 364 NIr421 (df=1;783)

Laboratory Activities 56.4 9.3 3.14 59.2 9.1 3.12 17.5*

Evaluation 27.5 4.5 3.05 29.2 4.5 3.24 30.7*

Class Activities 27.5 5.1 3.05 29.2 4.7 3.24 24.5"
Scientific Inquiry 18.5 3.7 3.08 19.0 3.8 3.17 NS

Teacher Role 34.5 6.8 2.46 36.5 6.8 2.6o 16.7*

FORM 4 X1=326 11=366 (dr=1;690)

Laboratory Activities 55.0 8.9. 2.89 61.5 12.7 3.24 61.5*

Evaluation 26.7 4.3 2.97 28.2 4.2 3.13 21.5*

Class Activities 26.1 4.6 2.90 27.o 4.6 2.98 6.0**

Scientific Inquiry 18.4 4.o 3.07 19.1 4.1 3.18 4.8*

Teacher Role 34.8 6.7 2.49 36.9 6.8 2.64 16.8*

FORM 5 fi.A. 320 1)=375 (a=1;693)

Laboratory Activities 59.1 9.6 3.11 61.0 10.2 3.21 6.0**

Evaluation 26.2 4.9 2.91 28.7 4.4 3.19 33.7*

Class Activities 26.4 4.6 2.93 26.7 4.7 2.97 NS

Scientific Inquiry 19.8 4.1 3.30 20.1 4.2 3.35 NS

Teacher Role 37.1 6.5 2.65 37.8 7.2 2.70 NS

ONLY SIGNIFICANT F VALUES ARE REPORTED ** p = .05, * p = .01



TABLE 2O

MEANS STANDARD DEVIATION FOR ACTIVITY CATEGORIES IN .D.TiFERENT FORS (SAC)

CATEGORY CHINESE

N:1464

ALL FORMS x SD

Laboratory Activities

Evaluation

Class Activities

Nature of Science

Teacher Role

12112

Laboratory Activities

Evaluation

Class Activities

Nature of Science

Teacher Role

FORM 4

Laboratory Activities

Evaluation

Class Activities

Nature of Science

Teacher Role

FORM

Laboratory Activities

Evaluation

Class Activities

Nature of Science

Teacher Role

59.4 10.6

28.3 4.5

27.6 5.0

19.3 4.2

36.7 6.9

58.4

28,8

28.8

184

35.9

N=542

9.6

4,5

5.1

3,9

6.9

tir.454

58.8 11.7

27.8 4.3

26.8 4.8

18.7 4.1

36.0 6.6

N:468

61.0 10,3

28,0 4.8

26 9 4.7

20.2 4.3

38.2 7.0

3.13

3.14

3.07

3,21

2,62

3,07

3,20

3,20

.3.15

2.56

3,09
3,09

2.98

3,12

2.57

3.21

3,11

2,99

3.37

2.73

MALAYS

4-542

SD I

57.9 9,7

27.2 4,5

26,5 4.5

18.9 3.7

35.7 6,7

56,5

27.5

27.3

18,2

34.6

Ne173

8.5

4.7

4.6

4.2

6.4

nei90

58.8 11.2

27.0 4.4

26.3 4,4

19.0 3,9

36.0 7,2

N:179

58,3 9,1

27.2 4.6

26.0 4.3

19.3 3.7

36.4 6.4

INDIANS

N:166

X SD

3.05 56,9

3.01 27.1

2.94 26.6

3.15 19.4

2.55 35.0

2.97

3.07

3.03

3.03

2.47

3.09

3.01

2.92

3.17

2.57

3.07

3.02

2.89

3.21

2.60

57.3

27.6

28.1

19.3

34.9

9,4 3.00

4.6 3.02

4.7 2.94

3.8 3.21

7.4 2.50

N:70

8.7

4,7

4.1

3.4

7.4

N:48

55.2 10.7

27.1 4.2

25.8 4,6

18.3 4.0

34.5 7.8

58.1 9,2

26,5 4.8

25.3 5.0

19.6 4.2

35.6 7.0

3,02

3.07

3.12

3.21

2.49

2.93

3,02

2.87

3.05

2,47

3.06

2.95

2.81

3.27

2.54

F

VALUES

(df=2;2169)

6,9*

12,7'

10.5'

NS

72'

(df=2;782)

NS

6.6*

5.9*.

NS

NS

(df=2;683)

NS

NS

NS

NS

NS

(dt=2;639)

5.9"

3,9"

4,3"

3.2"

6,3*

ONLY SINIFICANT F VALUES ARE REPORTED " p = .05, .01.



Table 21, Summary of Penang Data - Science Activity Checklist (SAC)

PORES

(3-5)

ACHIEVEMENT

(Superior, High Average,

Average)

SEX

(Male, Female)

RACE

(Chinese, Malays,

Indians)

SCIENTIFIC INQUIRY EVALUATION LABORATORY CLASS

ACTIVITIES ACTIVITIES ACTIVITIES / ACTIVITIES

\
ORDER I

(Most traditional;

least inquiry-oriented)

TEACHER ROLE

ACTIVITIES

(Least traditional;

most inquiry-oriented)

II. ANALYSIS

OF

VARIANCE

Significant increase

in traditional

approach to Labora-

tory, Scientific

Inquiry, and Teacher

Role (that is, sig-

nificant decrease in

inquiry) from Forms

3 to 5.)

Decrease in tradi-

tional approach to

Evaluation and Class

Activities (that is,

an increase in

inquiry from Forms

3 to 5.)

, Laboratory seen as

significantly more

inquiry oriented by

superior than by

average achievers

(All Forms and

Forms 3 to 5.)

Teacher Role seen

as significantly

more inquiry orien-

ted by superior

than by average

achievers (All Forms

and Forms 4 and 5).

3. Evaluation seen as

significantly more

inquiry oriented by

average than by

superior achievers

(Forms 3 and 5).

4. Scientific Inquiry

seen as significantly

more inquiry oriented

by average than by

:,superior students

(Form 3).

Boys have more 1. Chinese tend to

inquiry oriented perceive (signi-

science than ficantly so at

girls (significant- Form 5) science

ly so in Forms 3 instruction as

and 4, and for All more formal and

Forms in at least traditional than

four out of the the other races.

five activity cate-

gories) ,
2. Malays and Indians

seem to perceive

For both sexes, ge- science instruction

neral trend towards: as more inquiry

(a) more formal oriented .

type of instruc-

tion in Form 5

and,

(b) a more similar

classroom envi-

ronment in Form

5 compared with

lower forms,


