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Introduction
/ﬁ\
Improvement, future planning, and organ1zat1on of science 1 f ru P (W1
should take into consideration a number of student, teacher, and [Uwr \gum
variables (1).
. iy YA
This study examines some of these variables in order to proV” t &uﬂs
to the following questions:
1. What are student cognitive preferences for.learning sciy/’™"
2. \What are student activity preferences for doing science;
' o i i
3. What are the present classroom practices with respect ty "% \
instruction?
Wi
Answers to questions 1 and 2 provice information for State D/VQP \p5 0¥
Education, curriculum planners, school administrators, and scien\/ Q/ \Jﬁ»
{ ‘\
’ for future planning and designing of student learning experiences \9.
. . to take into account student cognitive and activity preferences. “V \;to

_ \ '
j th
question 3 ¢ Ner
3 : AV

o : L - Nl i
with information about student cognitive and activity preferenceyy L \wﬁ'st

eﬁ? 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 Tlevel.

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.)
ﬁnsert Table 1 here

2. Assumptions. This study involves the following assumptions:

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

orderings,

The assignﬁéhf'of iféagﬂio one df'thé four cognitive areas was
determined by eight expertvjudges, 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 this variable has little effect on preference

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

irrelevant variable. Fyrthermore, variables which are highly cor-
related with achievement level may also be irrelevant, and have, there-
fore, been ignored. Such variables irnclude intelligence, socio-

economic level, and motivation.



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 questfoning 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 md)

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 growr. in such conditions."

Cognitive preference tests have been utilized in a number of studies
(5) and their construct validity has been established by numerous re-
searchers (6 - 10). A recent stucdy (]O))that considered the above four

cognitive modes7conc1uded that there is a direct relationship between

T
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student cognitive!preferences, that is, mode of 1earning’and the nature

of the biology curriculum. MNo studies exist that have focused on
sciencé at the lower secondary level for the purpose of eliciting the

i
above-mentioned relationships.

|

Agtest-retest reliability of the SCPl instrument used Australian
grade & (13 years) high school students (N = 59; 33 males, 26 females) and

gave the following results:

(recall) 1" = 0.81; (principles) T = 0.65
(questioning)t’= 0.84; (application) T = 0.79

Instrument I1I

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 getfing,infgrmation to solve a.problem..
These ways are: laboratory (L), field-work (FW), reading (R), discussion
(D), and individual projects (P). In addition to the overa]1 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 inspectiqphgf a number of steel and concrete constructions
such as bridges,/multi—story buildings;to 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 cbntract.



(c) Read about the expansion and contraction of different building

materials."
e,

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:

0.85; (discussion) ¥ = 0,72
(reading) T = 0.87

(1aboratory) T

(field work) T = 9.69;

(project) T = 0.62

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 instruq-
tion. SAC is an extensively quif{ed version of a 48-item agree-disagree
questionnaire developed by Kochendorfer (12) and modified by FAST (4) to
differentiate befween 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 re]ating’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 approach _for seeking infor-

mation, including the use of observation, experimentation, quest1on1ng, and
the use of literature.
-6-




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 occurrance
of a number of classroom practices. It thus.serves to indicate the
dggree of agreement between science téaching 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 T = 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 c]aésroom 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.



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

I
for each Form (3-5) are presented in Tabie 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. Tﬁué, high

preferences are indicated by low means.

The preferred cognitive modes for the students tested are ordered
as fc1low§. 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 = Reca11> Apph’cation>> Questioning
(Most preferred) (Least preferred)

Form 3: Recall > Principles = Application >> Questioning

(Most (Least preferred)
preferred)

Form 4: Principles :} Recall :) Application :E;; Questioning
(Most (Least preterred)
preferred)

Form 5: Pr‘1nc1p1es > Recall > App]1cat1on>> Questioning
(Most (Least preferred)
preferred)

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

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

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

Questioning.

8-




Analysis of variance was used to test for significant differences between
pairs of means for each cognitive mode acress the three forms, Differences
are significant across all forms only for Principles. That is, from Form 3
tc 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, thé“cognitive mode of Application has a decreasing appeal
from Form 3 to Form #; 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

A1 Forms: ?ecall‘* :>> Principles :> App]icatioi’:> Questioning
Most .

preferred) (Least preferred)

Physical Science

Form 3: App]icationx Princip]es> Recall Questioning
(Most / (Least preferred)

preferred)

Forms 4/5: Principles ;> App]icationl:> Recall;:> Questioning

(Most
preferred) (Least preferred)

Cognitive preferences are, therefofe,‘zg~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 tq 1st/2nd place.
Presumably, the usefulni  and applicability, in a general, social, and

scientific context, of scientific information is considered more

# The number of students taking each subjiect is not known.



(b)

i

|
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

scaie is relative rather than absolute. For example, the lowest pre-
ference may not necessarily imply a dislike; the student merely may
1ike the others better. Similarly, the highest preference may not mean

a real liking.

Achievement. The science cognitive preferences of the three student
achievement categories, Superior (S), High Average (HA), and Average

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

The order of preference for cognitive modes in the three student
achicvement 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.

Insert Table 3 here.

-10-
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(c)

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 Quest{oning,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.

Sex. The breakdown of students by sex in the Penang sample i< shown

in Table 1.

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

in all Forms,

Insert Table 4 here,

-11-
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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 :} ?uestioning
(Most . Least preferred)

preferred)

When all items are considered there are no significant differences
between male and female preferénces in Forms 3 and 4, but in Form 5
there are significant differences for Recall (preferred more by giris
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 A1l Forms
AX | AX |AX | AX
Male 6.2 7.0 6.7 6.5
Female 5.3 7.8 8.7 7.7

Zﬁ& >< = difference between mean of most and least
preferred mode.

-12-
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(d)

Clearly, the girls show an increasing mean difference betweén 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 1likes and dislikes than boys,and this may well

be due to earlier maturity.

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 based upon race revealed:
(a) no significant differences between the races w1th ~ngpect to any of

the cogn1t1ve modes

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

-13-



Intercorrelations and Factor Analysis of the Cognitive Preference Scores.

Table 6 presents the results of intercorrelations of the cognitive

preference scores.

Insert Teble 6 here.

This .abr 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 Varimax 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 {ndicates a high inverse
relationship between (R) and (Q) scores which is independent of (A) and (P)
scores. This factor corresponds to the "curiosity scaie" 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:

Facter 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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ey

inf19§ﬂ§§q by a SFQQ?“F’S (A) score and vice versa. Howgvﬁf\
Factor é, the (P) géore is inversely related to the (Q) SQUM%J’6 if
Factor 3 a similar relationship exists between (A) and (Q) ﬂﬂdﬂ ‘ﬂﬂthera4Tthmi
by (R).,
A

Further insight into the factor ctructure of vb@/ \] tesg ¢ 15
afforded by an examination of the factor structures of thg fﬂ“/i\ snd
physical science components of the total test. The factor st(mci ‘\e of both
are very similar to that of the total test. However, ther‘e‘ﬁ(\e 4?\8
significant differences. First]y,the variance >f Factor 1 f/f\bjﬁ \Ogy 1s
higher than for thé total test. The reverse applies for thf Dh/ﬂ* 051 Scﬁenﬁe‘
This means that the "curiosity scale" for the biology may bﬁ fo \ AN
often than for physical science. 1

The independent structures for the uti]izativﬂ 7 \E;(P) 4ﬁg
(A) are present in both biology and physical science. |

Factors 2 and 3 for the total test and for hi/qwg/@\r¢ Varpy

similar. This is to be expected since both have similar varﬁiwc é\ WMVever’

in contrast, the total factor structure of t 2 physical SQiﬁﬂ%e ﬁ\ difﬁerent
and more complex in light of the rather equitable distributmﬂ" A \ﬂriﬂnces
across three factors. This reflects stronger interaction Qf QB/Q\\Wd by (R)
on (A) and (P), and by (Q) on (A). As for biology, (Q) is AﬂWG/ \]y re 158
to (A) and (P). The higher variance of the "A" utilisation fé%1/A\ﬁ1Ph¥sica
science as compared to (A) in biology suggests a greater qoﬂ{na/ \ of M A

in physical science that in biology.

- Summary_and Conclusions.

iV
Table 8 summarizes the science ngﬂ“¢ \§ pres

ferences of the Penang secondary school sample,

Insert Table 8 here

-15-
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may be {nteresting 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 achievenment levels
are all believed tg be in response to examination demands. Most students

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

have to do.

Asian culture preveres the scholar (teacher and text) as the repository of
"knowledge", and classroom experience in Penang by one of the authors con-
firms the relative zbsence of questioning behavior. Students generally
hesitate to question the teacher or text in case this is seen as a challenge

to authority, 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 rot 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 &5 follows:

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

preferred)

-17-
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One wonders whether, if a different cognitive preference order vere

felt desirqb]e - for example, one emphasizing Questioning as part of an
inquiry-tyée science curricu]uh - this could be brought about by changing
the examin%tion emphasis andyhence, classroom teaching procedures. How-
ever, no cémparison with the Penang study is at present possible because of
lack of knéwledge concérning 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 prresented in

Table 9.

-18-




Insert 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 Preférence 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 Tiking.

Based on mean scores, the preferred activity areas are:

Overall: ,

(A11 items, Field ;> Laboratory :> Projects = Reading'>>Discussion

all forms) (Most (Least
preferred) preferred)

Form 3: Field > Laboratory > Projects Reading Discussion
(Most > > (Least
preferred) . preferred)

Form 4: Field j> Laboratory':> Projects :> Reading :§> Discussion
(Most 7 (Least
preferred) ' preferred)

Form 5= Field > Reading :> Laboratory > Projects :§> Discussion
(Most - (Least
preferred) 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




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

vAna]ysis of variance was used to test for significant differgnces
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 séores 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 guestioning

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

questicning data and conclusions.
Tab]er 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: Projects = Reading':> Laboratory :> Field :> Discussion

Forms 3-5. . (Most (Least
preferred) preferred)
|
gg%g%%%l( : Field :> Laboratory :> Discussion :> Projects = Reading
Forms 3-5 (Most (Least preferred)

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.

A Why biology Projects should be most preferred while physical science

Prpjects 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 §cience

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 Pronjects may well be reading exercises which are then written up.
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(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

Forns:

Table 10. Activity preferences for different achievement levels.

Achievement Level
Superior High Average Average
Overall - FOL>PD>R>D F=L>P>R>D F=RJLOPDD
(A11 itenms, Essentially same Same as overall Shift in rea-
all forms) as overall test* test ding
Biology P=R>L>F>D P=RDL>F>D P=R>L>F=0
Same as Biology Same as Biology Same as Bio-
Togy
Physical . .
Science F>L>DDR =P CF>L>D = PDR F>L>DDR>P
Shift in P and D. Shift in D. 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.

Insert Table 11 here

* Compare order under Forms.




A summary of these results is as follows:

(i) Superior and High Average grodps 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.

Insert Table 12 here.

There are no significant differences iﬁ the patterns for activity
preference areas across forms either for all items or for subjects, for
either malesor 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
numbef 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 becoﬁes 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 items7and for Biology and
Physical Science) and for Forms 3 and 5. G{r1s 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.

-24-
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It will be remembered that significant sex differences were
not very evident with the Science Cognitive Preference Inven-

tory §§CPI). The fact that significanf 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 (A1l items and A1l 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.




Generally, the results fall into two qgroups. The Chinese in one

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

The Chinese in A11 Forms have a greater overall preference for

Laborétoty, 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 l

The factors that emerged are as follows:

Factor 1 (Laboratory) - (Reading)

Factor 2  (Discussion) - (Projects)

Factor 2 (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 sccre 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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for (ﬁ). Further%ore, a lTow or high preference for (D) is associated with
high or low preferences for (P). Preference for field work (F) is
apparéntly rather independent of the other activities although it is some-
what inversely related to (R).
A similar factor structure emerges for biology, but the
struc;ure for physical science ié somewhat different. It is as follows:
v Factor 1T (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 i5 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.

Insert Table 16 here.

When all items are considered together the preferred activity ordering
is:

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.
-27-
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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 fo date, areas of
’10w 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 examplie, a recent study(lﬁ)
showed that Reading was least preferred, and Discussion was of moderate

preference for several 3rd Form classes.




Instrument IIl. Science Activity Checklist (SAC), -

(a)

Forms. ean 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.

Insert Table 17 *ore.

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

activity as occurring Almost Always, lMost 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:

A1l Forms: Scientific Inquiny:> Evaluation ~ Laboratory™ Class > Teacher

Activities Activities” Activities”™ Activities Role
Activities

Form 3: (Class Activities = Evaluation >>Scientific:>Laboratory:>>Teacher

Inquiry- : Role
Form 4: Scientific > Laboratony;>.Eva1uation > Class > Teacher Role
Inquiry Activities
Form 5: Scientific > Laboratory > Evaluation 3> Class > Teacher
Inquiry Activities Role
(tiost traditional; : (Least
least inquiry traditional;
oriented) most inquiry
oriented)
-29-
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These results - all but one of which are on the high side of the

Responée Scale mean of 3.0 - reflect a very traditional textbook

orienﬁed approach. Scientific Inquiry activities (except for Form 3)
are s%en as being approached in a somewhat traditional manner;

Teachér 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, ihdicating
an increase in the traditional textbook-oriented appréach 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 achievenent levels for All Forms and for

Forms 3-5.

Insert Table 18 here.

llhen the item means (1) are ordered, the following results are

obtained:
All Forms:

Superior: Scientiﬁc>Eva]uat1’on > Class > Laboratory >Teacher
Inquiry Activities Role

High Average: Scientific:>Eva]uation:> 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
-30-
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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. ° Supérior and High Average achievers perceive Labora-
tory as being somewhat inquiry-oriented whereas Average achievers
(particularly A1l 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 induiry.

The principal conclusions are as follows:

(i) Laboratory Activities are considered significantly more inquiry-

oriented by Superior and High Average achievers (A1l Forms,

and Forms 3-5 - particularly Form 4).

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

oriented by Superior than by Average achievers.

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

oriented by Average than by Superior achievers (Forms 3 and 5).
-31-




(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 12 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:

A1l Forms:
Males: Scientific>Laboratory > Evaluation > Class > Teacher
Inquiry _ .Activities“ Role
Females: Scientific:> Evaluation ;>Laboratory:;>01ass > Teacher
Inquiry - Activities = Role
(Most traditional; : (Least traditional;
least inquiry : ~ most inquiry
oriented) 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 A1l 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 A1l Forms, at least four out of

the five activity categories have significantly lower means for

boys than girls.

-32-

3"



' (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,_Ha}ays, and

Indians in A1l Forms.

Insert Table 20 here.

When the item means (1) are ordered the following results are

obtained:

A1l Forms:

) Chinese: Scientific > Evaluation }Laboratory > Class Teacher
' Inquiry Activities ©~ Role
Malays: Scientific > Laboratory > Evaluation > Class > Teacher
Inquiry Activities © Role
Indians: Scientific> Eva]uation'>Laboratory>(:]ass > Teacher
Inquiry Activities ~ Role
(Most traditional; (Least traditicnal;
least inquiry most inquiry
oriented) oriented)
-33-




The overall order is essentially the same as for the previous

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

The following conclusions may be dravn:

(i) The higher mean scores for Chinese in almost every case - particular-
1y the number of significant differences at Form 5 - seems to
suggest that the Chinese perceive their science instruction as

rmore formal and traditional than the other two races.

(i1) The mean scores of Indians (except for Form 3) are the lowest of
the tnree 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 tlalays and Indians
are very similar to cach other indicating fairly close agree-

ment, on the kind of instruction they are receiving.

in vieﬁ'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.
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R Entry I (Order) in the Table shows the overall result of ordering

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

'1. A1l categories (with 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~aptions 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 tlalaysia with respect to

these perceptions.

3. While the order of categories is not essentially affected by
~achievement tavel, 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 inqu{ry-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-
nﬁng, help students find answers to laboratory problems, en-

bufage thought about class science activities, and (b)

ncourages students to:- disadree with him where necessary, record
anly experimental data actually observed, share ideas and findings

Qith other grbups, understand rather than to memorize.
i

Such classroom activities as these emphasize the inquiry

mode of instruction.

The Laboratory, on the other hand, subsumes items that involve
experimental procedures as well as discussion and questioning. In spite
of the fact that these are all components of inquiry, students perteive

an instructional environment in which:
(a) experimenta] findings are seldom investigated further
(b) ‘'students rarely design their own experiments

(c) there is little analysis and discussion of peer results (inc}u—

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 may not necessarily
imply a strong inquiry component; the other actiQities may merely contain
less. $§mi1ar]y, the most traditional activity maj 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 N 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 andlgirls and their
science teachers, aed has inferred from these findings to the
remainder of urban Malaysia.

If change is desired in Maleysian 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 tc the Editor of this Journal.
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STIDENT POPULATIONS OF DIFFERENT FORMS AND TESTS

Table 1

TOTAL POPULATION FORY 3 FORY 4 RORY 5
SPL APTS SAC | SCPI APIS  SAC | SCPI APIS  SAC | SCPL AP SAC
Total N80 ek W | M 9 18 | e 685 6 | M6 690 695
Sex: Yale | 1018 1055 1000 |3 %9 e | 3 36 | W 3%
Feale | 1169 1139 1160 | 419 40 412 | 361 33 %66 | 39 %6 35
Achievenent:
Superior 005 1055 1060 |3 w9 | s e 360 | M9 3% 340
Mgh Average | N2 32 3 | M6 M8 M8 | 1o 103 10k T
sverage moo o L | s W | W ws o | uS s s
Race: Chinese | 1076 1491 1466 | S50 ST S0 | 4k Sl sk | 486 493 4eg
Welygs | S0 S0 S | 1w w1 1 10 | 180 10 1%
Tdms| 168 M 16 | 66 0 o8| o s 6
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VIO SOGRZS AND ¥ VALUZS FOR COBMITIVE HODES ¥ DIFFEREND RORS (5071,

A.I

, Va{ue
Cognitive fode | 411 students | FORH 3 (a) FORH & (b) PORM S (o) | ab alc bie
A_g___s_ x 9 x 9 x 9 x 0 as=1469) (df=1;1507)<df=1;1393)
fiseall () 22 04 | 4 %6 | 3 99 | My g | I NS
Princinles (P) | 722 6.7 | M.k 8.5 19 65 M2 b4 E 1600 B0 b
fasstioning () 793 b | 7.8 108 7% M2 80,0 12, fl i Ju0 1S
Azslication (A) | 7441 ks | b 6 2 65 ) T 65 il | bger b, ‘h
piclogv items | % |
Decall () R AT I O T A A s CE. N
Frinciples (1) | 439 5.0 | 5 50 | B8 I B 50 | B30 1960 N3
questiontng Q) | V7.3 7.8 b, %2 ]S 1S btk 8.6 1 NS NS N
Applicﬁtion W | 4.6 48 5.5 49 b5.6 b8 k5,9 - 1.8 | S i Y
yse 3c. Items f
wll |06 50| R4 81 Ra W [R5 50w w
Principles (P) | 26.] 9 29 39 2.0 3.8 248 3.9 : thge 30 RS
qestlontng (Q) | 320 53 | M7 50 1 38 52 | Rb5T ‘ L N A
spplication (A) | 204 b1 2.5 Ao 8.6 b2 2.8 b ! 18 b s

Cniy statistically significant [ values are resorted * p = .01, ** p = .05 level

e
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TABLE 3

 NEANS STANDARD DEVIATION AND F VALUES FOR COGNITIVE HODES FOR ACHIEVEMERT (SCPI)

T ! T
Cogeitive AL TS fnlus B10L0GY JTEHS Value PRYSICAL SCIESCE ITiMs Yalue
Arey Achiavenent dfs Achieveaent ifs Ackievenent il
Superior dgn Aversge Average 1 Superior  High Avarage Average 1; | Superior Hich Aversge Averape 1
A Fam K¢S Helh2 $77%0 2184 1075 Hagh2 1770 284 | W05 NaJb2 k770 2154
o8 39 x W % 1 0% x® x 0  ox ® 1 8
IO WO06 02 100 24 98 | s g b b 20 Wy 67 (B |32 WE B2 57 WS S| g
Princioles | 722 65 4 1 T8 &8 LK W o b9 W8 53 B b9 s [l82 0 39 B 6 BN Lok
ST PRl R B TH B LN S TP S B P XA T B R A I A B RIS L I IR A R A R X S A
N L I I T I A T U T K T R R A R B I O R S R B B K R N
il 700 MS 06 w8 B | n6 g 70 kb 69 WA 68 [N Mg KD LB Ak b6 | 2
;‘I".F.Cﬁblﬂ ﬂok 6-5 7"-5 7.2 7,-0 6.5 Ns l‘"-? 500 "50) 5!‘ ”08 I'lg 50}" 2806 “lo 2900 }-9 290} 5.9 hS
A A T L B N I N I T 2 T A 1 R O B N N A Y R X
eelidon | 28 K6 728 Gh 7 60| %5 [US6 LY W0 500 B2 T TE 22 39 Al b 90 AD |
nenl] PRI I P X S R 7 SR I YR A5 R P TR PR I I X T A ' X B 'R VK I R
P I T T T I TIC R T X S AT O T I AN 3 O B S 'L R - . | LU KT/ X R O S W B I 6
cetionme | 750 105 700 68 Mg 8 (M [ T W bYW T NS b S R WY BB S| K ,
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dantion [T 65 M w7 65 [ M WS WY W0 b2 WA 50 [RAE B9 X0 b A3 b | g2

Ouly atgsficant T valoas reportad ** p « 05, * p w01 lavel,
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NELG SOC35D D ¥ VALDES OF CCONITIVE PREFERE

G35 OF HAL35 ) S2AMLES (SCPT)

ALL FORMS '!‘t FORY 3 FORY & FOR4 5 i
Hales Females ! ! Fales 1 Females Fem.les fewles . f
Samnitive fode 4= 101 Wz 1169 ;[df='l;2185)5| AR N abig N-;61 BRES ‘(df=1;686)
e i X hx 8 X by P8
eall (1 74 IS fra6 84 | 2. 10.8 W 1L Gt
frincizles (B) (72,2 722 l M N 6.5 | 73,6 "4 WS 720 N
Jestiendag (4) [707 789 CosAMg 9.8 | 79.6 13-5 N5 12 et
aztination (3) 70,0 Thdd R RIS Tt 6 (LI R
. |
l
il Thesn | | :
RISk .‘ | \} ! f
pell (R 6| INARITRRE SN w21, | g Ly L
itaeirles (7)[908 0 S AR B3k iy 528
viestientar (1) 1902 Ul s 19,2 87 | 411 b ¢ 09 95
wolicrtion (4) 1555 { k6,0 13.6% 1151 b 146G 5.9 b, | W b 34
vhrglesl dsience ‘ ‘, I ;
o | " : i
B | |
il () 3045 RIS I B LN R e A R
vrusdilen {B) 3.5 Lok 3 s 29,0 L0 | 2, 2.0 3 | N4 59
weetioniag () 5148 25 68 B2t g b |l w25 | e 50 (%
ertiention (4) 288 CARNRNY ITAN F TR B A B b S b

(M9 e, *p = 01)

4 .



Table 0, INTERCORRELATIONS OF SCORES IN COGNITIVE PREFERENCE AREAS FOR TOTAL TEST (ALL STUDENTS) - SCPI*

ERIC

Full Tt Provided by ERIC.

)

.
L

.

R P Q
Recall (}) )
Fundanental Principles () 03
Critical Questioning (Q) =72 -8
Application (4) | - 43 =15 - 18

kTt 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),



TAZLYE 7

+ VARIMAX ANALYSIS OF COGNITIVFE PREFERENCE SCORES (SCPI).

Cognitive Prefcrencé Arez Rotated Factor Loadings

Total Test Factor 1 Factor 2 Factor 3
Recall (R) «90 -.05 27
Principle; (P) .07 .78 .06
Questioni;g (Q) -.31 ’ -.49 -.28
Application (A) | -.01 -.04 .76
Percentage of Variance ks, 2 28.4 23.8

Biology Items

Recall (R) <91 -e20 -.27
Prir:- ez (P) <01 .31 -.Oé
Questioning (Q) -<85 -2 . -e31
Application (A) . ‘=03 -.08 <77
Percentage of Varianc; 5045 26.8 23.0

Physical Science Items

Recall (R) .ok - .46 -k
Principles (P) -e36 21 _ .78
Questioning (Q) ~.85 -+50 .07
Application (A) | -.20 , .82 -.38

Percentage of Variance 38.1 _ 3241 27.3
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Table Q' .

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

Activity Area ALL FORMS FORH 3 (a) FOR 4 (b) FORM S (c)]| &b H bi¢
AT Itens N = 1473 i =789 N = 685 N=690 | (df=1;1473) (df=1;1386) (df=1;1374)

PR I A S xS xS
Laboratory Work (L)[ 301 4.6 | 3.9 47 W1 oAS O S 1S
Discussion (0) | 40.3 5.6 | 40.3 5T 0.4 5.5 98 570 S NS 1S
Field bork (F) 333 5.2 | 3.3 5.2 35 52 B2 82 M S NS
Reading (R) w112 | 8269 g 1.0 W0 760 1S B.o¥ 1S
Project Work (P) | %7 5.7 | W8 54 W7 5.6 W6 6.0) S i S

Biology Items
Laboratory York (L)} 8.7 3.0 | 18.6 3. 18.7 3.0 18.8 2.9] NS S i

Discussion (0) 2Ll 3.3 | 2.2 3.4 0.2 33 09 34 N S iS
Field York (F) 02 36 202 3.6 204 3.6 201 3.6 NS NS S
Reading (R) 108 33 150 3.2 4.9 3.3 4.6 3.4 HS 4 1x¢ S

Project Work (P) {148 2.8 | 15.0 27 148 2.8 e 3.0 W LI

Physical Science
Tns

ahoratory ok (1)] 154 25| 83 48 | B4 26 | 154 28] 88 1S 1§
scussion (0] 101 29| 191 30 | 1.2 29 | B 10 18 1§ 5
ek (7)) (11 28| B 28 | B2 29 | B 28} K8 1§ 5
Reding (A 9.9 45| 22 43 | 199 45 | 194 47 w08
oraject bork (7) | 199 36| 199 35 | 109 35 | 198 8] S 1§ ::

Only statistically significant F-values reported  (**P=0.05, *P=0.01)
\ 35



TAJLE 11

YEW, mumab DEVIATION AMD F V.\LUm FOR ACH m'rr AREAS ron ACHTEVINENT (AP2S)

AUL 19785 'F BIOLOGY ITE¥S ! PAYSICAL SCIENCE TTENS P
hetivity Achievamant Value Achievenont Value Achievezent Value
Aren Suprlor  Migh Averagr  Average Siperior  Bigh hrorage  hvaragy Soperlor  Bigh dversge  Avamaes
ALL FORYS 1055 W % [ld; 1055 32 %7 (ldsl 1085 ) f
== 261)] T ) 3 |

8 x 0 % 8 COR I S I S| x 9 o D 3o

Wboratory Work| 337 W6 337 b3 W7 hs|ae 85 2.9 b 49 19 AP 52 A5 2 a8 157 45 9.7
Discussion 05056 b2 Sb 39 s6M a0 32 A 33 0.9 AN Twa 10 1.2 29 1910 29 K
Plald Vork 2855 B3RS BB 0 36 23 33 20 s 29 29 130 28 b 28 2y
Roading B0 75 86 I3 69 5.0 b T 31 g O I R B BT B I
Project ork | 306 5.2 M0 57 I 52 Ak 28 g 29 150 20|ms 199 37 194 37w 53] e
Yo ¥ 14 27 |lat2;)| 3k 148 /3] 14
— %) it |l
Laboratory York | 33,6 06 333 L7 355 bp Al 34 183 31 1o JOIS 52k 5.0 25 156 a5 ke
Diecuanton %855 kb5 b0 SB|haTlg 33 a3 3 q5 35 IS a9 190 23 M 0 5, ke
Fleld Work R30S0 e b2 b8{es (98 3 20 33 35160 2k a9 B ab 16 o 1,
Revtlng .0 66 35k 68 3B 23R 55 B W 30t 3o 0.6 b2 0 k2 94 b5l g
Pojct Yok | 37 5.5 36 57 %0 1N 5.0 26 9 30 1.0 25| 98 36 18 35 2.0 3l g
FOR 4 354 103 25 ((d1=2;] W 103 25 [ldf=2; 4 10 ) .
— t82) | 7 Bl
Dvoratory Work | 35,5 W6 302 b2 350 b3 | o fihb 30 80 28 104 29178 1150 25 155 20 158 2.5 45
Mlocusston =410 57 305 50 300 53[5 B3 ak 32 2 MIGT Mok 30 100 20 14 2.8 1
Fiold ork 2355 36 by o 50(u (.2 37k 3300 b b a8 B2 a8 n3 a9 s
kevdlag O 16 BT N0 B0 Gh|¥ 1150 b g 33 g IS a0 by 89 bk Da bl s
froject Vork | T 80 B 55 3y bl RS 300 B0 26w 26lHs D0 31T 98 3 0.0 3.2 s
i ] " a5l 3 9 a5 ] g 1 26 i,

2 | ) ) W
Mboratory ork | Mt b5 336 B8 36 bS89 24 183 27 189 30 BdA5 Bk 22 15y 24| je
Diszuaston w255 W9 sk B9 s7leenfng 32 ad 30 O3 3B 100 39 95 50 186 23] 7o
Flald vory RE 55 N6 LD W2 S0 190 36 194 3. A AL [ K R S 13 A9 33‘
Reating MBI B 60 K 20| BhS 36 thE 29 g PN o5 50 489 3 195 bl
pijdCt Wk 13“:3 6-1 52.‘ 6.‘.’ 35.4 5.8 10.5 1!*5 2-9 13.8 }.0 151 3.0L8'1. 19.9 3.8 18') j‘.1 20.3 }‘5 4.3“

GHLY SIGNIFICANT F VALUSS REPORTED ** pa0hy *pa 01 LEVEL

"N
.)r;

iy
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ALL FORES FORY J ' FURd & R 5 ,

hetivity drea fales Fenales ! fialep | fenales f Males Fezales f Vales Fe:ales! g

TS | K 1 [atshi263)] #2309 N IO SR W= %) [df=1;683)) v = 3% he 3 i)

. - | ]
AL itens x o] ox W i oo ox @ i o] % @ N T R
: 1

Looratory work (L) [ 3hd w4 e o0 | A A A I IR VIR LR 17 bl R0
:‘1!;::‘;5';0.’1 (:)) AC.D 506 "?Ooh 516 NS ‘.‘C.O 5.7 !}CJ 5.? NS I'O'B 5'5 &U.O 5.'} }I'S ﬁ309 505 :moé 5.6 1"0’;"
vt ark (F) pd L e 6 e 6 Ly 3RS 5.1 80 8 W33y 56| B ]00T LE | oy s el
peading 18 R I R B 1 59| h Db 7 ho 65| 9 6| WS [ 63| T2 Ml9y
Pratest hork (7) By a4 | M6 W s bD| 500 hD G 5D 5 SB) NS 35 sh |37 G 1L
Balamy ey
Doy dark (1) 169 30 RN N A NI AR i 31 K8 298] 10k 30| BB 1% 2 IR T
epsing (0 B SRS IS | 210 Bh |k e Pl g e 33 I o B A PR 141u'
RRE A A A AL s B 80 IR AR I N WA I Y b e g6 e
Aerne (2 w0 30 | kb By 107 L5 28] thE 3b hl W s ga| N (10 & RN AN KL
Froent i (1) SV R A R AN 2ol B D6 27| o 23| B g1k 28 | Do 1.5
Prpizal Solapce Ttems
b obory orh 1) | 195 20 | 193 25 M5 153 a5 W o bl B W56 251 e as| M |13 AR I R
Lonminn () 60 30 [ e M| TR sh| o192 4B RO 281150 19 PR PEC X B I P AR A I
et e i myoa6 | 139 A B9t kel | 0 45 155 A7] 9 100 580 1132 ) 12,4 EM RY
oiting %o kol 195 W s pAT g kL0 99 b 1 A P O A §.2°
frotecs sork (1) 104 Wb 1990 3 M 106 33| W AW TR R RN LI I M e T

(49 5 €5 Level, % = 000 Lavel)
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MEAY, STANDARD DEVIATION AND P VALUES FOR ACTIVITY AREAS FOR RACE (APIS)

Activity AL TTiRS 7 BIOLOGY ITRHS y TS1CAL, SCIE !
Area RACE Valus BACE Value RACE Valus
. (d1=2, - (d1e2; (d1=2;

CHINESE HALAYS INDIANS | 2167) ||  CHINESE HALAYS INDLANS | 2161) | CHINESE FALAYS INDIANS [ 2161)

N1k w507 h16 W1k W: 507 u.165 ki 507 b
x 9 x N x 8N R B B r 0 x 8 x 9

Lboratory Work | 33,8 b5 35 hD 350 bS8 B8 300 9 X 195 30| 8.2 (153 25 156 26 156 2k | kS
Discusnon 0.5 55 302 SA 36 b [ty 33 06 33 07 35 1020 119.2 30 B8 a9 189 2| N5t
Fldd vork 31 52 1 50 36 S5 7B I8 35 8 35 A6 38| 540 29 15 Al 100 29 S5

Reading g3 W2 24 36 b RS0 33 e 33 2 32| sétl0 bS 196 b o107 |
Profect Work 1342 50 356 52 36 558 §32 26 B8 25 B8 23| M b 36 0k 36 25 39| 9
H 3 - Nask? N2 1A i 69 (df=2s | e 547 173 n(ge | (dfsdi]  Mesd? 2173 69 (d4:2;
786) ' 76, 706)

Lhoratory Work 30,6 b6 B LB U35 b fus R 3t BT 3 b sl s Bas2 25 25 150 b1

Docaslon 1406 55 307 56 399 6.5 (8 o b 28 35 2.0 36| s8elg2 29 1900 30 04 AN

Flddork 30 50 39 2 SR BN 35 A5 B A5 g ms Js0 28 b 28 b 29 %

Beading B 69 W9 00 Wb 2N s 32 B 32 WA 32 fws a3 b3 20 WS 2.0 46| %

Profect ork | JA6 S 35 53 35S SN kG 27 153 A6 152 2308 198 16 198 n5 02 7%
K e 541 W18 V| lats2) b H=187 Ny |t N=u51 s 187 e by (et2;
682) - 602) ¢62)

barmtory Work (33,9 G4 365 L9 D Wb N 86 28 189 33 96 op f s 153 a5 56 a7 14 26|
inguenlon 9 54 389 5h 0 b S0 w32 4 32 2 350 69 (194 29 85 a8 9k 3| o

etk 1S %2 RO 53 b S5 Rs hwk o 3 06 38 7 38 s I 29 29 29 128 29!k

Rating BB W2 %2 0 nhINS 1500 33 Y Rb b 30 [ ks e b5 kb Wb 06 b9 LN
Profuct Work |31 55 6 5b W8 5B BB |5 28 155 A7 b 26 | ok o8 35 35 A5 00 8| 6l
72 Nzhoy Nz k7 N2 50 (4f=2; (dfe2; | - 4o3 Ne1ky Na 50 {d822y
B7) | Wby betly i 647) 647)

Lvomtory Vork 1319 b5 3 b 32 b | 3By 29 190 a8 19-;0 208 1152 k57 b 158 220 M
veowsalon (M2 56 301 G5 B3 59| dla0 33 00 B2 A0 3k s 1190 300 85 28 182 30| bge

Fiald work 6 5h kb3 3500 58| 6 frad 36 209 31 6 39 11050 1129 49 135 a3 b 50|

Rendirg LR L R A A R A I U R R A R R Y S B R B WA F R
Projoct York {339 61 J5A 6 XD 57| D3NS R0 150 29 B 29 (B (195 37 A4 38 25 15| b8

ONLT SIGNIFICANT ¥ VALUES RZPORTED ** p = 405, * p = 01 LEVEL

[ANE]
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Table J4

i a———

[ATERCORAELATIONS OF SCORES Ii ACTIVITY PREFERENCE AREAS (TOTAL supLE) (ap1s)*

Activity Area ] D F R

Laboratory Hork (L)

Discussion (0) | .36

Feld Yok (F) S RN

Reading (R) L8 -0 -l
Project Hork {P) Y S R A

% [t should be noted that, in interpreting these correlation coefFicients, they are ipsative in nature
and would, per se, result in Tow negative correlations batween the score in one area and those in the
renaining areas {for a random score distribution over all areas-values of -0.25 would be expected).

0
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TABLE 15

VARIMAX ANALYSIS OF ACTIVITY PREFERZNCE SCORES (APIS).

Activity Preference Area Rotated Factor Loadings

Total Test Factor 1 Factor 2 I Factor 3
Laboratory Work (L) «57 .25 ; .02
Discussion (D) -.06 -.90 -e15
Field Work (F) «13 .12 <67
Reading (R) - 91 .09 =34
Project Work (P) ‘ 47 2148 -.08
Percentage of Variance 44,2 21.18 18.3

Biology Items

Laboratory Work (L) U7 .25 -.02
Discussion (D) . 01 -.92 -e31
Field Work (F) o .07 .10 .85
Reading (R) -.97 - .02 -e15
Project Work (P) ' -31 : 148 ~-.10
Percentage of Variance 38.3 24,2 20.1

Physical Science Items

Laboratory Work (L) o1l 17 <73
Discussion (D) . 17 -o77 -.23
Field Work (F) .40 .01 ~01
Reading (R) . -e92 -.01 -o3h
Project Work (P) .49 .66 .Ob
Percentage of Variance L4o,0 25.5 | 17.8

65




Table 16, Summary of Penang Results - Activity Preferences in Science (APIS)

FORMS ACHIEVEMENT SEX . RACE
(3-5) (Superior, High Average,| (Male, Female) {(Chinese, ¥alays,
Average) ‘ Indians)
I, ORDER FIELD> LABORATORYPPROJECTSYREADINGYIISCUSSION
(ALl Items) (Most preferred ~Least preferred )

[1. ANALYSTS |1, Significant increase |l. Superior and High [. Reading preferred |1, Chinese generally

OF ~1n preference for Average students more by girls than have greater pre-
VARTANCE Reading from Forms show significantly boys; significantly-- ference for Laboratory,
3-5 for ALL ltems and |  greater preference different for All Field, and Projects
both subject areas. for Laboratory and Ltems, All Forms, than other racial
Field than Average Subjects, and Forms groups.
students. ' 3 and 3. ‘

2, Significant increase | 2. Superior and High . Laboratory and Field 1. Malays (and Indians

in preference for Average students preferred signifi- in Form 5) have a
Projects in biology (nainly in Form 5) cantly more-by girls | greater preference for
from Forms 3-3. show a significantly | than boys (ALl Forms), Discussion than other
reater preference | groups,
for %'roJects than average

T gtudents, , _ ,
3. Decrease in prefer- |3, In Forms 4 and 5, ' B. More significant dif- |3, Only minor differences

ence for Laboratory Average students ferences betweer between Malays and
from Forns 35, have a significant= | sexes occur in a1 Indians,

ly greater preference| 5 and fewer in %ain
for Discussion than | 4.
the other students,

4, Except for Average
Form 3 pupils, there
are no significant
differences between
groups for Reading.

<
T




TARLE 17

g ——

MELN SCOHZS AND F VALUES IN ACTIVITY CATEGORIES IN DIFFERENT PORMS

]
ALL STUDENDS | FOR4 3 (a) | FORtA (b) | FORM 5 (c) PRI i
L1508 N2t | W=7 N = 692 W= 655 [150905) pmB)- 1;305)

Category 9D |2 N 9D 8

TLaboratory Activities 58,8 10,5 |59 9.2 | S5 1.6 | 601 10,0 NS 000 T8

Sraluation 279 be (B4 W6 5 W3 | 20 h7| b 19 RS
(lass Activities A3 b8 Tl 50 ] 2686 7| 66 b6 | shE ke XS
Nature of Seience 9,2 b0 |88 38| B8 W1 w0 k2f w2
Taccist Rolg 63 69 (355 60| B9 68| W5 69 W BA 195

Only significant T values are reported *D = 0,01




TABLE 18

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

ACHTEVEMENT F
CATEGORY | Value
Superior High Average Avarage
ALL FORMS > 1069 f1e 352 N= 771 (d£=2;2169)
r 1 x S 1 x 9 1

Laboratory Activities | 57,9 95 3.05 | 58,2 9.8 308 | 634 126 3l 349
Evaluation 8.3 b5 3.h | 8.2 b5 3ab | 223 k6 303 NS
Clago Activities 6 49 307 |23 b8 303 | 2.0 LB 3000 S
Scientific Inquiry | 195 40 325 | 19.6 38 326 | 188 k2 33 NS
Teacher Role 3%, 6.6 258 1361 73 258 | 4 68 267 5.2t
FORH 3 Vs 369 §= 148 N= 268 (d£=2;782)
Laboratory Activities | 58.6 9.5 3.08 | 569 7.8 3.00 | 60.9 8.6 .20 10,2
Evaluation 20,0 b3 3.2 290 b5 %22 | 24 kE 304 10,10
Class Activities 27 49 3.8 | 29,0 54 322 | 26 W 307 5.9
Scientific Inquiry [ 19,3 38 320 [ 192 36 320 | 19 37 298] 1.6
Teacher Role 15,8 68 2.5 | B4 68 260 | T 70 24| K
FORM 4 Ne 360 W= 10 Ne 228 (4£=2;689)
Laboratory Activities | 56,5 9 2,97 | 57.6 9.5 303 | 67.6 10,9 3.56| bab
Evaluation 20 b5 300 | 2.9 k2 30 [ 20 k2 01 NS
Class Activities 6.5 b5 2.9 | 268 b2 297 | 66 5.0 295 ¥
Scientific Inquiry | 205 3.9 341 | 186 A0 30 | 183 b1 305 2.8
Teacher Role 3.6 6254 |3k 68 249 | 393 7.3 280 16.0°

-~ FOR Ne 340 Nx 80 N= 276 (8f=2;695)
Laboratory Activities | 58,7 94 3,08 | 61,1 10,3 321 | 61,6 10,3 32k 7.7
Evaluation 8.3 b osab |2 bS5 O03 | 269 W8 298] 5.4
Class Activities 6.6 b6 2.9 | 26,0 b9 288 | 267 b5 297 N
Scientific Inquiry 19,9 42 332 {198 b 330|203 b33 NS
Tencher Role o 66 264 | 36,7 5h 262 | 3Bk 76 2Th) 3.9

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

by
ERIC



TABLE 19

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

AND FEMALES{DAC)

j

SEX F

Category Males Famales Value
#LL _FORMS _N=21010 _N=1172

: x SD I x 8D I |(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 4,0 3.23 8.5°*
Teacher Role 35.4 6.7 2.52 37.4 7.0 2.67 30.9*
FORM 3 N= 364 N=421 (df=13783)
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 b, 5%
Scientific Inquiry 18.5 3.7 3.08 19.0 3.8 3.17 NS
Teachor Role 34,5 6.8 2.46 36.5 6.8 2.60 16.7*
FORM 4 N= 326 V=366 (df=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 27.0 4.6 2.98 6.0%*
Scientific Inquiry 18.4 4,0 3.07 19.1 4.1 3.18 L, 8+
Teacher Role 34,8 6.7 2.49 36.9 6.8 2.64 16.8*
FORM 5 N= 320 V=375 (df=13;693)
Laboratory Activities 59.1 9.6 3.11 61.0 10.2 3.21 6.,0**
Evaluation 26.2 4.9 2.9 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 L,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

7



M4BLE 0

HEAYS, SPAYDARD DEVIATION F0R ACPIVITY CATEGORISS TN D7SSEREND OB (54¢)

i

F
CATZS0RY CHINESE - HALATS TNGIANS VALVES
N=1464 W §=166

ALL FORNS x 8 1 x 8 1 x 81 ||(af=2:2169)
Laboratory Activities | 59,4 10,6 313 | 5.9 97 0 %,9 9.4 3,00) 6.9°
Evaluation B3 b5 o3k | 22 k5301 2 W6 302|120
Clacs Activities M6 50 3,07 | 265 b9 29 | 266 b7 29| 10,5
Nature of Science 19,3 k2 321 [ 18,9 37 345 ] 194 38 321) NS

~ Teacher Role 67 69 262 | /7 67 255 | 30 nbo2a50) 7.2
FORY 3 N=5k2 N=173 N=70 (4f=2;782)
Laboratory Activities | 584 9.6 3,07 | 565 8.5 297 | 57 8.7 30210 ¥
Evaluation B8 b5 3,20 | 5 b7 o300 | 26 WD O307 | 6.6
Class Activities B8 51 3,20 | 3 b6 303 | 8 h1o3a2) 5.9%
Nature of Science 8.9 39 315 | 18,2 k2 303|193 3b4 B2t) NS
Teacher Role 35,9 6.9 2,56 | 36 6A 247 | h9 b 249 ) NS
FORY b Nhsh =190 Nebd (af=2366))
Laboratory Activities + 50,8 11,7 3,09 | 58.8 11,2 3.09 | 952 107 295 | K5
Evaluation 7.8 b3o309 | 200 kb0 | 2 b2 302 NS
Closs Activities %8 b8 298 | 263 bb 2.9 | 258 b6 287 | N
Nature of Science 8.7 b1 392 1190 39 347 | 8.3 L0 3.05 | NS
Teacher Role 6,0 66 2,57 | 360 72 257 [ H5 78 247 NS
FORH 5 N=468 §=179 Nebs' (d£=2;689)
Laboratory Activities | 610 10,3 321 | 58,3 91 307 | 58 9.2 %06 5.9%
Evaluation 2.0 b8 o3| 22 b6 o302 | 265 b8 2950 3.9
Class Activities 26,9 b7 299 | 260 &3 289 | 53 5.0 28| b3
Nature of Science 20,2 &3 337 0193 37 R |16 k2 k27 3.2t
Teacher Role B2 700 275 | b 6 260 356 70 254 | 63
ONLY SIGKIFICANT F VALUES ARE REPORTED ** p = .05, * p = 401,



Table 21, Sumary of Penang Data = Science Activity Checklist (SAC)

FORIS ACHIEVEAENT SEX | ACE
(3-5) (Superior, High Average, (Male, Female) (Chinese, Malays,
i Average) Indians)
SCIENTIFIC TNQUIRY'™\  gyaLUATION > LABORATORY CLASS TEACKER ROLE
I ORDER ACTIVITIES /7 ACTIVITIES 7 ACTIVITIES ACTIVITIES > ACTIVITIES

(Most traditional;
least inquiry-oriented)

(Least traditional;
nost inquiry-oriented)

I1, ANALYSIS

or

VARTANCE

1, Significant increase

in traditional
approach to Labora-
tory, Sclentific
Tnquiry, and Teacher

Role (that is, sig-
nificant decrease in
inquiry) from Forms
3 to5.)

. Decrease in tradi-
tional approach to
Evaluation and Class
Activities (that is,

-an increase in
inquiry from Forms

3 to )

Laboratory seen as
significantly more
inquiry oriented by
superior than by
average achievers
(ALl Forms and
Forns 3 to 3.)

Teacher Role seen

as significantly
more inquiry orien-
ted by superior

than by average
achievers (ALl Forms
and Forns 4 and 5).

Evaluation seen as
significantly more
inquiry oriented by
average than by
superior achievers
(Forms 3 and 3).

Scientific Inquiry
seen as significantly
more inquiry oriented
by average than by

\superior students
(Form 3).

. Boys have more

. Tor beth sexes, ge-

I, Chinese tend to
perceive (signi-
ficantly so at
Form 5) science
instruction as
more formal and
traditional than
the other races.

inquiry oriented
science than

girls (significant-
ly s0 in Forns 3
and 4, and for All
Forns in at least
four out of the
five activity cate-
gories), 2, lelays and Indians
seem to perceive
science instruction
as more inquiry
oriented .

neral trend towards:
(a) more formal
type of instruce
tion in Form 5
and,

(b) a more similar
classroon envi-
ronment in Forn
5 compared with
lover forms,

~ -
LAY

"



