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BACKGROUND AND RATIONALE 

Although there has been a rev�lution in recent years in terms of both t.lie scope and 
variety of the roles which computer-assisted learning has played within science 
education, research on the effi,cacy of computer-assisted learning has been neither 
extensive nor conclusive. For example, because hitherto there has existed no learning 
environment instrument (Fraser, 1986a; Fraser, 1986b; Fraser & Walberg, 1991) 
which has been tailor made specifically for use in classrooms using computer-assisted 
learning, innovations rarely have been evaluated in terms of their impact on the nature 
of the classroom environment as perceived by students (Ellett, 1986; MacGregor, 
1986). The present study fills some of the gaps by evaluating an innovation in 
computer-assisted learning in terms of its impact on classroom environment, m 
addition to investigating its impact on student achievement and attitudes. 

PURPOSE 

The main purposes of the present study were to evaluate an innovation in computer
assisted learning, involving the use of micro-PROLOG for teaching the topic of 
decision-making in Singapore schools, in terms of its impact upon: 

• student achievement;
• student attitudes;
• the classroom environment.

DESIGN 

The Innovation in Computer-Assisted Learning 

The innovation in computer-assisted learning (CAL) which formed the focus of this 
study was distinctive in that it made use of micro-PROLOG, the microcomputer 
version of PROLOG, a high-level fifth-generdtion declarative language, which was 
developed for artificial intelligence research and which has been found to be robust, 
compact, and accessible to students in classroom applications (Chalk, 1987). This 
CAL courseware covered the topic of decision-making and was designed specifically 
for a six-week segment in the Singapore school syllabus. In order to enhance the 
validity of conclusions from the evaluative study, a control group, which studied the 
same topic via the direct expository teaching methods common in Singapore, also was 
included in the study. 

Sample 

The study involved 12 teachers, each in a different randomly selected school. In 
order to reduce the 'teacher effect', each teacher taught one experimental and one 
control class. The total number of students in these 24 classes was 671 (348 in the 
experimental group and 323 in the control group). Approximately equal numbers of 
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males and females made up the sample. Students were slow learners in their second 
year of high school in Singapore (referred to as 'Secondary Two Normal' students). 

INSTRUMENT DEVELOPMENT 

Achievement and Attitude Instruments 

A 30-item multiple-choice achievement test and a 20-item semantic differential attitude 
measure were developed for the purposes of the study. The alpha reliability 
coefficient for the achievement test for the whole group was 0.95. The alpha 
reliability coefficient for the semantic differential attitude measure for the whole group 
of the study was 0.94. 

Description the Geography Classroom Environment Inventory (GCEO 

A new instrument developed for this study, called the Geography Classroom 
Environment Inventory (GCEI), has five Likert-type scales and the response 
alternatives for each item are Almost Never, Seldom, Sometimes, Often and Very 
Often. The initial version of the GCEI instrument assessed the following eight scales 
of revelance in computer-assisted learning settings: Teacher Concern, Participation, 
Gender Equity, Investigation, Innovation, Differentiation, Organisation and Resource 
Adequacy. 

Eight items for each scale were developed. Typical items contained in the GCEI are 
"The teacher takes a personal interest in students" (Teacher Concern), "Students take 
part in class discussions and activities" (Participation), "The teacher pays more 
attention to boys' questions than to girls' questions" (Gender Equity), "Students carry 
out investigations to answer questions coming from class discussions" (Investigation), 
"New and different ways of teaching are used in this class" (Innovation), "Students 
who work faster than others move on to the next topic" (Differentiation), "Activities 
in this class are clearly and carefully planned" (Organisation), "There are enough 
computer programs available for our lessons" (Resource Adequacy). The scoring 
direction is reversed for almost half of the 64 items in the original version of the 
GCEI. 

The development of the eight scales of the GCEI took cognisance of Moos' three 
general types of dimensions as they apply to all human environments (Moos, 1974). 
These three general dimensions are Relatioruhip Dimensions (the nature and intensity 
of personal relationships within the environment), Personal Development Dimensioru 
(the basic directions along which personal growth and self-enhancement tend to occur) 
and System Maintenance and System Change Dimensions (this involves the extent to 
which the environment is orderly, clear in expectations, maintains control and is 
responsive to change). Table 1 shows that the eight scales selected for the original 
version of the GCEI provide reasonable coverage of the three different basic types of 
dimensions proposed by Moos. This table also shows that, with the exception of the 
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Gender Equity scale, all the other scales have been developed by combining the scales 
from other classroom environment instruments. For example, Teacher Concern was 
the result of adapting items from the Personalization scale in the Individualized 
Classroom Environment Questionnaire (Fraser, 1985) and the Teacher Support scale 
from Classroom Environment Scale (Moos, & Trickett, 1974). Other classroom 
environment instruments used to develop the initial GCEI scales include the College 
and University Classroom Environment Inventory (Fraser, Treagust, & Dennis, 
1984), Learning Environment Inventory (Fraser, Anderson, & Walberg, 1982) and 
Science Laboratory Environment Inventory (Giddings, & Fraser, 1990; Fraser, 
McRobbie, & Giddings, 1993). 

Development of GCEI 

The development of the Geography Classroom Environment Inventory was guided by 
the following four criteria: 

(i) Consistency with the Literature on Computer�Assisted Learning. A reivew
of the literature was undertaken for the purpose of identifying scales that are
considered important in the unique environment of computer-assisted learning
(Heywood, & Norman, 1988; Levin, & Gordon, 1989; Wallace, 1989; Ely,
1990; Siann, Macleod, Glissov, & Dumdell, 1990; Swan, & Mitrani, 1990;
Tolman, & Allred, 1991). This is discussed in greater detail below.

(ii) Coverage of Moos' General Classification, As discussed earlier, scales
chosen provided coverage of the three general types of dimensions identified
by Moos (1974) for conceptualising all human environments. Because Moos
(1974) claims that, at minimum, Relationship Dimensions, Personal
Development Dimensions and System Maintenance and System Change
Dimensions must be included to provide an adequate and reasonably complete
picture of any environment, dimensions for the initial GCEI instrument were
chosen to include scales in each of Moos' thre..e general classifications.

(iii) Salience to Classroom Environment Researchers, Teachers and Students.
By soliciting comments and feedback from geography teachers and students at
Secondary Two on draft versions of sets of items, an attempt was made to
ensure that the initial GCE!'s scales and individual items were considered
salient by teachers and students. Additionally, the reactions of several
educational researchers with extensive research experience on classroom
environment were sought about the adequacy, suitability and relevance of the
items that made up the scales. This led to the fine-tuning and refinement of
the items and scales for the modified GCEI instrument.

(iv) Salience to Computer Education Experts. Several computer education
experts vetted the items and scales and agreed that the constructs are relevant.
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Scale Name 

Teacher Concern 

Participation 

Gender Equity 

Investigation 

Innovation 

Differentiation 

Organisation 

Resource Adequacy 

TABLE 1 
Descriptive Information for Original Version of GCEI Scales 

Source 

The result of collapsing: 
Personalization (ICEQ) 
Teacher Support (CES) 

The result of collapsing: 
Participation (ICEQ) 
Involvement (CES) 

New 

The result of collapsing: 
Investigation (ICEQ) 

New 

The result of collapsing: 
Innovation (CES) 
Innovation (CUCEI) 

ICEQ 

The result of collapsing: 
Task Orientation (CES) 

Order and Organisation (CES) 
Goal Direction (LEI) 

Disorganisation (LEI) 

The result of collapsing: 
Material Environment (SLEI) 
New 

Description 

Extent to which the teacher interacts with, 
is friendly towards, and is concerned and 
interested in students. 

Extent to which students participate in 
discussions and acitivities and have 
interest. 

Extent to which boys and girls are treated 
equally by the teacher. 

Extent to which the skills and processes 
of inquiry are used in problem-solving 
and investigation. 

Extent to which the teacher plans new and 
varying activities and techniques, and 
encourages students to think creatively. 

Extent of emphasis on the selective 
treatment of students on the basis of ability, 
learning style, interests and rate of working. 

Extent to which classroom acitivities are 
planned and well organised. 

Extent to which the computer hardware and 
software are adequate. 

Moos' Classification 

Relationship 

Relationship 

Relationship 

Personal Development 

System Change 

System Maintenance 

System Maintenance 

System Maintenance 



Initially the use of the above criteria led to the development of the initial GCEI 
instrument containing eight scales, although only the following four scales survived 
field testing and item and factor analyses and appear in the final version : Gender 
Equity, Investigation, Innovation and Resource Adequacy. However the factor 
analyses discussed below led to the omission of Teacher Concern, Participation, 
Differentiation and Organisation. Gender Equity was formulated by the investigator 
and included in the GCEI for this study because classroom environment instruments 
in past research have not included this scale when they were used as sources of 
predictor and criterion variables (Fraser, McRobbie, & Giddings, 1993). Although 
Lawrenz (1987) investigated gender effects for student perception of their science 
classroom environment, she used the shorter versions of the Learning Environment 
Inventory developed by Fisher and Fraser (1981) and validated by Fraser and Fisher 
(1986) in her study. But no gender equity scale was included in these two 
instruments. Lawrenz's (1987) study does not suggest a cause and effect relationship 
but it does indicate that perceived classroom environment is related to both teacher 
and student gender. Fraser, McRobbie an.d Giddings's (1993) study had as one of its
major aims the investigation of gender differences in perceptions of science laboratory 
classrooms using the Science Laboratory Environment Inventory (SLEI). The SLEI, 
developed by Giddings and Fraser (1990), did not include gender equity as one of its 
scales. Their findings, however, suggest that females generally perceived the science 
laboratory classroom environment more favourably than did males. A classroom 
environment instrument which includes a gender equity scale probably could detect 
gender effects even more sensitively and thus measure gender differences in classroom 
psychosocial environment more accurately. 

Choice of GCEI Dimensions 

Gender Equity also was included in the instrument because a decade of research on 
gender equity in the CAL environment has shown that the use of computers 
maintained and exaggerated inequities (Sutton, 1991; Kirk, 1992), that equity issues 
are complex (Schubert, 1986; Sutton, 1991), that there are gender differences in 
attitudes and achievement towards computer usage (Hattie, & Fitzgerald, 1987; Levin, 
& Gordon, 1989; Siann, Macleod, Glissov, & Dumdell, 1990; Sutton, 1991) and that 
research should reflect gender equity in CAL environments (Sutton, 1991). 

Past classroom environment instruments have included innovation, resource adequacy 
(or 'material environment') and investigation as dimensions. Innovation was included 
as one of the dimensions of GCEI because the use of microcomputers as an effective 
educational innovation has been discussed in the computer education literature. The 
literature suggests that the microcomputer has been accepted as an educational 
innovation (Heywood, & Norman, 1988), that the government plays an active role in 
promoting computer use in the educational system (Wallace, 1989; Boyd, 1990) and

the effects of microcomputers as an educational innovation (Thorne, 1987; Bond, 
1988; Boyd, 1990). 
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Resource Adequacy (or 'Material Environment') was included only recently as a 
dimension for classroom environment research (Giddings, & Fraser, 1990; Fraser, 
McRobbie, & Giddings, 1993). In the computer education literature, Resource 
Adequacy refers to the use of computer software (sometimes called courseware) or 
hardware for teaching and learning. The need to create software that the teacher can 
use as a tool in teaching has peen discussed widely in the literature (Chamberlin, 
1988; Oliveira, 1988; Snyder, 1988; Nuccio, 1990; Plomp, & Pelgrum, 1991). The 
type and quality of educational software has also been discussed extensively (Winkler, 
Shavelson, Stasz, & Robyn, 1985; Ely, 1987; Gonce-Winder, & Walbesser, 1987; 
Taylor, 1987; Chamberlin, 1988; OECD-CERJ, 1989). Some researchers also are 
concerned about hardware acquisition and utilisation (Boyd, 1990; Nuccio, 1990; 
Plomp & Pelgrum, 1991). 

Although a strong tradition in CAL research at all school levels has been to 
investigate the effectiveness of the usage of CAL in a cognate area (Hasselbring, 
1984; Bangert-Drowns, Kulik, & Kulik, 1985; Kulik, & Kulik, 1987; Roblyer, 
Castine, & King, 1988; Kulik, & Kulik, 1991), past CAL classroom environment 
instruments seldom included investigation as one of the dimensions. Investigation was 
therefore another dimension that was incorporated into the GCEI instrument. 

VALIDATION OF GCEI 

The initial GCEI instrument was field tested concurrently with the GAT and SDI 
instruments. Item analyses based on two classes of Secondary Two Normal students 
(N = 70) were carried out to identify items whose removal would enhance e,ach 
scale's internal consistency and discriminant validity. The scale validity index of 
internal consistency usf'.-d was the alpha coefficient and the scale statistic used to 
indicate discriminant validity was the intercorrelation between scales. The item 
analyses procedures were applied to the initial version of GCEI. The item analyses 
led to the deletion of a small number of items to enhance each scale's internal 
consistency and discriminant validity. 

Factor Analyses 

Student responses (N = 70) to the 64 items of the GCEI were then factor-analysed 
using principal components analysis with varimax rotation to generate orthogonal 
factors. Three factor analyses using the individual as the unit of analysis were run 
and examined. Four factors, with eigenvalue of 1.0 and above, were found to explain 
55.2 per cent of the total variance in GCEI scores. Items with factor loadings greater 
than or equal to the conventionally accepted value of 0.30 were retained in the 
analysis. These factor analyses led to the deletion of four of the original scales, 
namely, Te-..acher Concern, Participation, Differentation and Organisation. The factor 
analyses also led to the deletion of a small number of individual items. With the 
deletion of all items from these four scales, a modified 32-item four-factor version of 
the GCEI was produced. The modified form of the GCEI was used in the main 
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Item 

Number 

4 

5 

12 

20 

21 

28 

36 

52 

61 

3 

19 

27 

35 

43 

16 

24 

40 

48 

56 

13 

45 

51 

53 

% Variance 

Eigenvalue 

TABLE2 

Factor Loadings for Actual Version of GCEI 
Using the Individual Student as the Unit 

of Analysis 

Factor Factor Factor 
I II III 

.65 

.63 

.73 

.67 

.59 

.65 

.69 

.63 

.65 

• 69

.78 

.56 

.57 

.71 

.70 

.70 

.71 

.64 

.62 

35.0 10.3 5.8 

8.4 2.5 2.5 

Factor 
IV 

.55 

.68 

.46 

.72 

4.1 

LO 

Factor I - Investigation Factor III - Resource Adequacy 

Factor IV - Innovation Factor Il - Gender Equity 
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study. Data from the larger sample from the main study were analysed to provide 
further validity information. 

Table 2 shows the items which have factor loadings greater than 0.30 with its a priori 
scale and less than 0.30 with each of the other three scales. The modified 32-item 
version was used in this study. Appendix A contains a copy of the final version of 
the GCEI, together with information about scale allocation and scoring. 

Validation Statistics for Modified Version of GCEI 

Table 3 shows the statistics obtained with the 348 students in the experimental 
(computer} group for each of the GCEI scale's internal consistency (alpha reliability} 
and discriminant validity (mean correlation of a scale with the other three scales}. 
These indices were calculated using the individual as the unit of statistical analysis. 
Data in Table 3 generally show that, for this sample, GCEI scales displayed adequate 
internal consistency reliability (with alpha coefficients ranging from 0.52 to 0.68} and 
discriminant validity (with mean correlations ranging from 0.01 to 0.45}. Table 3 
also provides information about each scale's ability to differentiate between the 
perceptions of students in different classrooms. These results were obtained by 
performing for each scale a one-way ANOV A, with class membership as the main 
effect and using the individual as the unit of analysis. Results of these analyses 
reported in Table 3 indicate that each of the four scales differentiated significantly 
(p< 0.01} between the perceptions of students in different classrooms. The eta2

, 

which represents the proportion of variance in environment scores accounted for by 
class. membership, ranged from 0.38 to 0.64 for the various scales. The results for 
the control group were fairly similar. 

Predictive Validity 

In past classroom environment research, extensive cross-national studies have . 
established that students' perception of classroom environment account for appreciable 
amounts of the variance in cognitive and attitudinal outcomes beyond that attributable 
to student background variables such as general ability (Fraser & Fisher, 1982; 
Haertel, Walberg & Haertel, 1981}. Because the present study's sample of 671 
students had provided responses to an achievement measure, an attitude measure and 
a classroom environment instrument (i.e., the GCEI), it was possible to use these data 
to investigate the predictive validity of the GCEI. 

Simple and multiple correlation analyses were performed, both with and without 
control for student background variables (namely, corresponding pretest and general 
ability). These analyses replicated past research in that students perceptions of their 
computer-assisted learning environments were related significantly to both 
achievement and attitudes even when pretest performance and general ability were 
controlled. For example, the multiple correlation between an outcome measure and 
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the set of four GCEI scales was 0. 76 for achievement and 0. 66 for attitude; this 
dropped to 0.55 for achievement and to 0.40 for attitude when student background 
was controlled. Both achievement and attitude scores consistently were higher in 
classrooms perceived to have greater gender equity, investigation, innovation and 
resource adequacy. 

RESULTS: EFFECT OF CAL ON ACHIEVEMENT, ATTITUDES AND 
CLASSROOM ENVIRONMENT 

Achievement 

Figure 1 shows the frequency distributions of achievement scores for the experimental 
(CAL) and control groups. The mean score of the experimental group (CAL) was 
26.12, with a SD of 2.56, and with a maximum score of 30 and a minimum of 14. 
The corresponding figures for the control group was a mean of 9.91 and a standard 
deviation of 4.68; the maximum score was 27 and the minimum was 1. The 
frequency distributions of the posttest scores on the GAT for the whole group showed 
wide inter-group differences in terms of treatment effects. 

Table 4 summarises the results of the achievement test information for the CAL and 
control groups. The top half of Table 4 reports the means and standard deviations of 
the experimental (CAL) and control (TDA) groups on the achievment (GAT} posttest. 
The posttest achievement score for the CAL group was 26.12 while that for the TDA 
group was 9.91. The CAL treatment therefore was associated with better 
performance for the CAL group. 

The first row of the lower half of Table 4 reports the results of the ANCOV A 
procedure, with students' primary school leaving examination socres (fSCORE), their 
semestral assessment scores (SEMEST) and their Pretest Scores (PRET) as covariates, 
was computed to determine whether the observed between-group differences could be 
attributed solely to sampling error. The significant F value of 5824.59 (p<0.01) for 
the main effect (experimental/control) confirms the presence of a reliable treatment 
effect. With the covaiiates partialled out of the total variance, the squared multiple 
correlation coefficient (equivalent to eta-squared) remained high, having a value of 
0.90. That is, about nine-tenths of the variartce in the posttest achievement (GAT) 
scores can be attributed uniquely to the treatment difference beyond that accounted for 
by the three covariates (primary school leaving examination scores, semestral 
assessment scores and the pretest scores). 
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Scale 

Gender Equity 

Investigation 

Innovation 

Resource 
Adequacy 

TABLE3 

Internal Consistency Reliability (Alpha Coefficient), 
Discriminant Validity (Scale Intercorrelations), and 

ANOV A Results (F and Eta2) for Class Membership 
Differences for Each Scale in the Modified 

Version of GCEI for the Experimental Group 

No. Alpha Scale Intercorrelations 
of Relia-

Items bility GE IV IN RA

8 0.67 0. OJ_ 0 .. 22. 0-34

8 0.65 0.45 0.10 

8 0.52 0.20 

8 0.68 

** p<0.01 

ANOVA 
Results 

F Eta2

17.46** 0.38 

49.30** 0.64 

42.12** 0.60 

31.27** 0.53 



350 

>
t.) 

C: 
a., 
::I 
CJ" 
OJ 
c:... 
LL 

0 

CAL Group 

(Computer) 

0 

TOA Group 

(Non-computer) 

10 

Score 

20 

F'IG. 1: Frequency Distributions of Posttest Achievement 
Scores (OAT) for the CAL and Control Groups 

TABLE 4 

Comparison of Achievement Scores for 
the CAL and Control Groups 

I Group 
Statistic 

l CAL TDA 

N 348 323 

26.12 9.91 

SD 2.56 4.68 

F 5824.59** 

Eta2 0.90 

Effect size 3.5 

** p<0.01 

11 

I 
I 
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The last row in Table 4 reports the results of the effect size estimator (in terms of the 
difference between the experimental CAL group and the control group). This index 
signals the presence of a very meaningful treatment effect. The value of the effect
size estimator was 3.5 standard deviations, which is far in excess of the 0.3 which 
was the average effect found in Kulik and Kulik's (1991) meta-analysis of CAL 
effectiveness. This difference favoured the CAL group. Interestingly, a 
comprehensive synthesis of 134 past meta-analyses by Fraser, Walberg, Welch and 
Hattie (1987) has shown that the average effect size in 7 827 studies in education was 
only 0.4 standard deviations. In contrast, the present evaluation of the use of 
PROLOG-based computer-assisted learning revealed a massive effect size of 3 .5 
standard deviations. 

Attitude 

Table 5 shows the means and standard deviations of the experimental and control 
groups on the attitude (SDI) posttest. The posttest attitude score for the CAL group 
was 117.54 while that for the TOA group was 90.96. Thus the two groups differed 
in attitude towards learning geography after the treatments as measured by the attitude 
(SDI) posttest. 

Table 5 also reports the results of the ANCOV A procedure, eta2 and effect size 
computations. The ANCOVA procedure, with the students' primary school leaving 
examination scores, their semestral assessment scores and their pretest scores as 
covariates, was computed to determine whether the observed between-group 
differences could be attributed solely to sampling error. The significant F value of 

TABLES 

Comparison of Attitude Scores for the CAL and TDA Groups 

I Group I Statistic 

I CAL TOA ! 
N 348 323 

-

X 117.54 90.96 

SD 11.05 19.48 

F 630.13** 

Eta2 0.52 

Effect size 1.4 

** p<0.01 
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630.13 (p<0.01) for the main effect (experimental/control) confirms the presence of 
a reliable treatment effect. With the covariates partialled out of the total variance, the 
eta2 remained high, having a value of 0.52. That is, about half of the variance in the 
posttest attitude (SDI) scores, with covariates partialled out, can be attributed to the 
treatment. 

Table 5 also reports the results of the effect size estimator ( of difference between the 
experimental CAL group and the control group) from meta-analysis. The present 
evaluation of the use of PROLOG-based computer-assisted learning revealed an effect 
size of 1.4 standard deviations for the attitude'measure. This difference favoured the 
CAL group. Thus the two groups differed significantly in attitude towards learning 
geography after the treatments as measured by the attitude (SDI) posttest. The effe,et 
size of 1.4 from the present study is far in excess of the 0.05 which was the average 
effect in 34 studies for student attitudes towards subject found in Kulik and Kulik's 
(1991) meta-analysis of CAL effectiveness. 

Classroom Environment 

To investigate differences in students' perceptions of their actual classroom 
environment between the experimental (computer) and control (non-computer) group, 
ANCOV A procedures were computed separately for each of the four scales in the 
GCEI. A summary of the results of the F values for significance of differences 
between the perceptions of the computer and non-computer groups are reported in 
Table 6. The effect size (i.e., the number of standard deviations of difference 
between the experimental CAL group and the control group) for each of the four 
GCEI scales (namely, Gender Equity, Investigation, Innovation and Resource 
Adequacy) also is reported in Table 6. 

Table 6 shows that the ANCOVA procedure, with the students' primary school 
leaving examination scores, their semestral assessment scores and their pretest scores 
as covariates, revealed significant differences (p<0.01) in the students' perceptions 
between the computer and non-computer group for all the four GCEI scales: Gender 
Equity, Investigation, Innovation, and Resource Adequacy. Table 6 also reveals that 
the use of PROLOG-based computer-assisted learning was associated with an effect 
size of 1.0 standard deviations for Gender Equity, 1.9 standard deviations for 
Investigation, 1. 7 standard deviations for Innovation and 1.5 standard deviations for 
Resource Adequacy. These differences favouted the CAL group. Relative to control 
classes, the CAL classes were perceived to have greater gender equity, investigation, 
innovation and resource adequacy. The present study's findings in the context of 
computer-assisted learning are consistent with past studies on non-CAL classroom 
environments (Walberg, 1975; Fraser, 1979; Fraser, 1981; Fraser, 1986b) in which 
learning environment measures have proved useful in curriculum evaluation. 
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Scale 

Gender 
Equity 

Investigation 

Innovation 

Resource 
Adequacy 

** p<0.01 

DISCUSSION 

TABLE 6 

A Comparison of Experimental and Control 
Groups on the Modified Geography 

Classroom Environment Inventory (GCEI) 

No. of 
Items F 

8 219.66** 

8 809.14** 

8 703.63** 

8 504.28** 

Effect 
Size 

1.0 

1.9 

1.7 

1.5 

The study's focus on the learning environment associated with the use of CAL in 
school geography education in Singapore is distinctive because, first, the use of CAL 
in geography education has been sparse relative to other disciplines, second, research 
on CAL in geography education in Singapore hitherto has been non-existent and, 
third, only a very small amount of classroom environment research previously has 
been undertaken in Singapore. 

This study shows that PROLOG-based CAL is an effective instructional method in the 
classroom milieu. It also shows that the educational application of micro-PROLOG 
as a learning tool in the Social Science classrooms is efficacious. While a myriad of 
studies have examined the effects of CAL, the number of studies examining the effect 
of PROLOG-based CAL is meager at best. Hopefully this study will serve as a 
catalyst to further research into the use of PROLOG in the classroom. 

No systematic attempts previously have been made to examine the effects of CAL on 
learning environment characteristics. Little has been studied or is lmown about the 
impact of microcomputers on learning climates in education (Ellett, 1986). This study 
responds to the plea by Ellett (1986) and Laney (1987) to fill the lacunae represented 
by the study of computers and their impact on students. This study is significant 
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because, in contrast to previous research, it uses PROLOG-based courseware 
developed by the investigator to assess computer learning environments in schools. 

One of the study' s major contributions was that a new classroom environment 
instrument was developed and validated specifically for the unique setting of 
computer-assisted learning. The scales in this instrument were found to display 
adequate factorial validity, internal consistency reliability, discriminant validity, and 
predictive validity in terms of being significantly related to student outcome scores. 
Also each scale differentiated between the perceptions of students in different 
classrooms. It is likely that other researchers will find this new instrument useful in 
future studies of CAL classroom environments. 

Another major finding was that, in contrast and past research, the use of CAL in this 
study led to massive impact in terms of achievement (3.5 standard deviations), 
atttltudes (1.4 standard deviations) and classroom environment (ranging from 1.0 to 
1.9 standard deviations). 

An investigation of associations between student outcomes and the nature of the 
classroom environment replicated past research in that both achievement and attitudes 
were enhanced in classes providing a more positive environment in terms of all 
dimensions assessed by the GCEI (namely, gender equity, innovation, investigation 
and resource adequacy). 
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APPENDIX A 

lVIODIFIED GEOGRAPHY CLASSROOM ENVIRONMENT 

INVENTORY (GCEI) 

ACTUAL FORM 

DIRECTIONS 

This booklet contains statements about practices which take place in this classroom. 

You will be asked how often each practice takes place. 

There are no 'right' or 'wrong' answers. Your opinion is what is wanted. 

Please do not write on this booklet. All answers should be given on the separate 

Answer Sheet. 

Think about how well each statement describes what actual classroom is like. Draw 

a circle around: 

1. If the practice actually takes place ALMOST NEVER 

2. If the practice actually takes place SELDOM 

3. If the practice actually takes place SOMETIMES 

4. If the practice actually takes place OFTEN 

5. If the practice actually takes place VERY OFTEN 

Be sure to give an answer for all questions. If you change your mind about an 

answer, just cross it out and circle another. 



Remember thaJ you are being asked how often (Almost Never, 
Seldom, Sometimes, Often, Very Often) that each of the following 
practices actually takes place in this class. 

1. The teacher pays more attention to boys' questions than to girls'
questions.

i. Students find out the answers to questions from textbooks rather
than from investigations.

3. New ideas are tried out in this class.
4. This classroom is an attractive place in which to work.

5. Girls get to use the equipment as much as boys.
6. Students carry out investigations to test ideas.

1- What students do in class is the same on each day.
8. The computers are in a good working condition.

2- Girls get less individual help from the teacher than do boys.
10. Students find out the answers to questions and problems from

the teacher rather than from investigations.
1 1 .  New and different ways of teaching are using in this class. 
12. The computers are suitable for operating the programs.

13. Boys have more say in this class than girls.
14. Students are asked to think about information coming from

investigations.
15. The teacher likes students to try unusual projects.
16. There are not enough computers for students to use.

17. Girls and boys are treated the same in this class.
18. Students carry out investigations to answer questions coming

from class discussions.
19. The teacher thinks up new and interesting activities for students

to do.
20. The computer programs available enable students to make good

use of the computer.

2 1. The teacher encourages boys more than girls in this class. 

�- Students depend on the teacher to carry out investigations. 
23. Students do the same type of activities every day.
24. There are enough computer programs available for our lessons.

25. Boys get more opportunity to use the equipment in this class.
26. Students carry out investigations to answer questions which

puzzle them.
27. Students are given the same kind of homework each time.
28. The computer programs run without any problems.

29. The teacher expects the same standards of work from boys and
girls.

30. Investigations are used to answer the teacher's questions.
31. In this class, students are allowed to make up their own projects.
n. The computer programs are hard to use.
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