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The Effectiveness of Cooperative and Individualistic 
Approaches in Teaching Mathematics and English 

Chin Long Fay 
Teh P.L. 
Fong Ho Kheong 

ABSTRACT 

This paper reports an experimental study 
into the effects of cooperative and individ- 
ualistic approaches in teaching Mathematics 
and English. The study was conducted at a 
Vacation Learning Camp (VLC) which was 
held for two weeks in one of the secondary 
schools in Singapore. This VLC was tar- 
geted at Secondary One pupils who were 
classified as below average based on general 
ability streaming. 

The individualistic teaching approach 
was assumed to contribute to individual 
efforts while the cooperative teaching 
approach was expected to produce coopera- 
tiveness among the subjects. The results 
indicated that there were no significant 

Introduction 

Since the 1920's a great deal of research on the 
effects of the individualistic and cooperative 
teaching approaches on achievement has been 
carried out. Earlier studies in this area of 
research were mainly confined to the analysis of 
the main effects. A study by Faw (1949) showed 
a difference favouring the cooperative (group 
centred) approach. However, studies by Eglash 
(1950) showed no significant differences. 
Dubin and Taveggia (1968) also reviewed 
experimental studies on the comparison 
between lecture and discussion approaches. 
From 36 studies under review, 51 % favoured 
the individualistic (lecture) approach and 

differences in performances in the main 
effects classified as the treatment groups and 
the sex groups in both Mathematics and 
English; in Mathematics, the individualistic 
teaching approach was more effective for the 
male pupils whereas the cooperative teach- 
ing approach was more effective with 
females. However, in English, the results 
were reversed. 

The female pupils in the cooperative 
group seemed to have improved in their atti- 
tude towards learning Mathematics whereas 
the male pupils in the individualistic group 
seemed to have a more positive attitude 
towards learning English. 

49 % favoured the cooperative (discussion) 
approach.  this^ conflicting rvidence suggests 
the need for further isolation of the pertinent 
variables. 

Johnson (1981) had indicated that in current 
educational practice, teacher-student inter- 
action was emphasized and the possibility of 
student-student interaction was eliminated in 
many classrooms. He further emphasized that 
it was student-student interaction that might be 
the more important determinant of educational 
success. In relation to small group and large 
group approaches, Peterson and Janicki's 
(1981) stddy showed that high and low ability 



students did better with a small group approach 
than with the large group approach. Medium 
ability students did slightly better with the large 
group approach. It was expected that more 
cooperation took place in a small group than in 
a large group. 

The Present Study 

In this study, two approaches namely, the 
cooperative and the individualistic approaches 
were used to teach the Mathematics and English 
groups. The individualistic approach was 
assumed to contribute to individual efforts 
while the cooperative approach was expected to 
produce cooperativeness among the subjects. 

The teaching mode for both the Mathe- 
matics and English groups was operationally 
defined as follows: 

(1) The Individualistic Approach had the fol- 
lowing features: 

(a) Pupils were instructed to study alone, 
devoid of interaction with other 
students; 

(b) A predominantly expository style of 
instruction was used; 

(c) Limited use of games and activities in 
the lesson; 

(d) Pupils completed their tasks and work- 
sheets on their own; and 

(e) The lessons were essentially teacher- 
led, teacher-directed and teacher- 
centred. 

(2) The Cooperative Approach had the fol- 
lowing features: 

(a) Pupils were divided into groups of 4-6 
members for group activities; 

learning, measured by their test performances, 
and their attitude change, measured by their 
responses to the questionnaire. A secondary 
purpose of the study was to determine any 
significant gains in the pupils' performances 
and their attitude change for the following 
classification of groups: all pupils, male, 
female, individualistic, cooperative, individ- 
ualistic X male or female and cooperative X male 
or female. 

METHOD 

The entire set up of the experimental study was 
conducted at a Vacation Learning Camp 
(VLC) which was held for two weeks in one of 
the secondary schools in Singapore. A total of 
152 Secondary One pupils in the Normal 
stream (below average pupils) from various 
surrounding schools were selected to parti- 
cipate in the VLC. The VLC was managed by 
the Further Professional Diploma in Education 
(FPDE) and the Diploma in Education (Dip 
Ed) students. The FPDE participants played 
the role of heads of departments. They were 
responsible for the planning, implementation, 
monitoring and evaluation of the various learn- 
ing activities at the camp, and in guiding and 
supervising the Dip Ed trainees in their teach- 
ing activities. The camp provided an experi- 
mental setting for the FPDE and Dip Ed 
trainees to work collaboratively at improving 
learning among the Normal stream pupils. 
Some staff members from the Institute of 
Education served as resource personnel. The 
Dip Ed participants were assigned to various 
curriculum areas. These participants served as 
learning facilitators. 

(b) Group activities included completing 
Subjects worksheets, playing academic games, 

quiz or a combination of the three; 
(c) Points were awarded to the groups that 

completed the worksheet correctly, 
won the game or provided the right 
answer in the quiz; and 

(d) Pupils were informed beforehand that 
the group that collected the most points 
would be awarded prizes at the end of 
the two weeks. 

In all 44 male and 55 female pupils from the 
secondary schools participated in the Mathe- 
matics study. Of these 43 male and 50 female 
pupils from the same schools participated in the 
English study as well. These pupils were 
assigned to one of the six classes taught by the 
Dip Ed students majoring in either Mathe- 
matics or English. 

Instruments Within this context, the study investigated 
treatment X sex interaction effects on pupils' For the Mathematics group, the Mathematics 
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Achievement Test and the Mathematics Atti- 
tude Questionnaire were used in this study. For 
the English group, the English Achievement 
Test and the English Attitude Questionnaire 
were used. 

The Mathematics Achievement Test con- 
sisted of 20 objective questions with four 
options in each item's responses. The topics 
tested were classified into three: rounding of 
whole numbersldecimals, estimation and signi- 
ficant figures. 

The English Achievement Test consisted of 
three sections, each with fifteen fill-in-the-blank 
questions. The topics tested included preposi- 
tion of time, comparatives, superlatives and 
adjectives and the indefinite article. 

There were 20 items in both the Mathe- 
matics and English Attitude Questionnaire. 
These items each had a 3-point response format 
with the following alternatives: "agree", "not 
sure" and "disagree". The scale was scored 
such that the more positive attitude was repre- 
sented by a higher score. 

Procedures 

Achievement tests were used to monitor the 
pupils' work over the two weeks of the VLC. 
Pre-tests in Mathematics and English were 
administered to all pupils who reported to the 
VLC on the first or second day of the camp 
before the commencement of any teaching or 
learning activities held in the camp. Similar 
tests were administered on the last day of the 
VLC. To ensure the validity of the test the 
areas tested in both tests (Mathematics and 
English) covered all aspects taught during the 
two-week VLC . 

The data obtained from the tests were 
analysed by comparing pupils' performances 
measured by achievement scores using the 
technique of analysis of variance on the pupils 
classified by treatment (individualistic and 
cooperative approaches) and sex (male and 
female) on both the Mathematics and English 
scores. 't' tests were used to analyse if there was 
any gain in pupils' achievement after the two 
approaches were administered. 

Besides the achievement tests, attitude ques- 
tionnaires were also used to monitor the pupils' 
behaviour. Specifically, an investigation was 

undertaken to find out if the alternative strategy 
had any influence on their attitudes towards 
learning Mathematics andlor English. On  the 
first or second day of the camp, two attitude 
questionnaires (Mathematics and English) 
were administered to all pupils who parti- 
cipated in the camp. Their attitudes towards 
English and Mathematics based on their 
previous experiences were used for compari- 
son. Similar tests were administered on the last 
day of the VLC. 

One of the objectives of this study was to find 
out if the cooperative teaching approach could 
enhance pupils' positive attitudes towards 
learning. The effectiveness of the cooperative 
approach over the individualistic approach was 
measured by the quantitative scores of the 
pupils who responded to the attitude question- 
naires administered to the respective groups 
(individualistic and cooperative). A compari- 
son of their behaviour measured by the quan- 
tified scores was analysed using the analysis of 
variarice technique on the pupils classified by 
treatment (individualistic and cooperative ap- 
proaches) and sex (male and female) on both 
the Mathematics and English scores. 

RESULTS 

Achievement Tests in Mathematics and 
English 

The Mathematics and English pre-test and 
post-test scores were analysed by means of 
2 X 2 univariate analysis of variance. In this 
analysis, the treatment (cooperative and indi- 
vidualistic approaches) and the sex of pupils 
were the factors. The t-test was also used to find 
out if there were any gains in pupils' achieve- 
ments in Mathematics and English. 

Pre-tests results in Tables 1B and 2B show 
that the various groups classified by treatment, 
sex and treatment X sex were comparable in 
both Mathematics and English. 

In all cases, the differences between respec- 
tive grmps were not significant at the 5 % level. 



TABLE 1A: ANALYSIS OF VARIANCE OF 
THE PERFORMANCES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENTS AND SEX ON PRE-TREATMENT 
MATHEMATICS ACHIEVEMENT (N = 99) 

TABLE 1B: MEAN SCORES OF MATHEMATICS 
ACHIEVEMENT 

Level of 
Significance 

p > 0.05 
p > 0.05 
p > 0.05 

Source of 
Variation 

Treatment 
Sex 
Treatment X Sex 
Within 
Total 

1 Interactions ( 

Treatment 

I 

, No. 

D.F. 

1 
1 
1 

95 
98 

Pre-Treatment Mean Scores 

12.52 
13.12 
13.04 
11.36 

Sex 

# I - Individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Female 

Sum of 
Squares 

7.926 
15.291 
20.088 

520.698 
564.00 

TABLE 2A: ANALYSIS OF VARIANCE OF 
THE PERFORMANCES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENTS AND SEX ON PRE-TREATMENT 
ENGLISH ACHIEVEMENT (N = 93) 

No. 

Mean 
Squares 

7.926 
15.291 
20.088 

5.481 

Pre-Treatment Mean Scores 

- 1 48 
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F 
ratio 

1.45 
2.79 
3.66 

12.62 

Source of 
Variation 

Treatment 
Sex 
Treatment X Sex 
Within 
Total 

D.F. 

1 
1 
1 

89 
92 

Sum of 
Squares 

0.074 
80.062 
5.320 

2438.216 
2524.473 

Mean 
Squares 

0.074 
80.062 

5.320 
27.396 

F 
ratio 

0.00 
2.95 
0.19 

Level of 
Significance 

p > 0.05 
p > 0 . 0 5  
p > 0.05 



TABLE 2B: MEAN SCORES OF ENGLISH 
ACHIEVEMENT 

Treatment 

C 
- 
- 

Sex l NO + Pre-Treatment Mean Scores 

Interactions 

I X M 
I x  F 
C x M  
C x F  

No. Pre-Treatment Mean Scores 

l 29.81 
32.14 
30.33 
31.69 

# I - Individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Fernale 

Analysis of the post-treatment result, performance differences with respect to the 
Table 3A shows that, in Mathematics, there was treatment, sex and the interaction between 
no significant F (p> 0.05) resulting from the treatment and sex. 

TABLE 3A: ANALYSIS OF VARIANCE OF 
THE PERFORMANCES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENTS AND SEX ON POST-TREATMENT 
MATHEMATICS ACHIEVEMENT (N = 99) 

TABLE 3B: MEAN SCORES OF MATHEMATICS 
ACHIEVEMENT 

Source of 
Variation 

Treatment . 
Sex 
Treatment X Sex 
Within 
Total 

Treatment 

71 
Sex 

D.F' 

1 
1 
1 

95 
98 

No. Post-Treatment Mean Scores 

Interactions ( 

Sum of 
Squares 

0.075 
2.200 
1.239 

588.667 
592.182 

I x M  
I x F  
C X M 
C x F  

F 
ratio 

0.01 
0.36 
0.20 

Mean 
Squares 

0.075 
2.200 
1.239 

6.197 

Pre-Treatment Mean Scores 

14.30 
14.23 
14.52 
14.00 

Level of 
Significance 

p > 0.05 
p > 0.05 
p > 0.05 

# I - individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Female 



With respect to the English test, Table 4A mance in the test and the combination of the 
shows that there was a significant F (p< 0.05) treatment (cooperative and individualistic) and 
for the interaction group only (treatment X sex). sex (male and female) variables. 
Hence there was a relationship between perfor- 

TABLE 4A: ANALYSIS OF VARIANCE OF  
THE PERFORMANCES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENTS AND SEX ON POST-TREATMENT 
ENGLISH ACHIEVEMENT (N = 93) 

Source of 
Variation 

Treatment 
Sex 
Treatment X Sex 
Within 
Total 

D.F. 
Sum of 
Squares 

l 
Mean 

Squares 
Level of 

TABLE 4B: MEAN SCORES OF ENGLISH 
ACHIEVEMENT 

I Treatment / Sex I No. I Post-Treatment Mean Scores I 

I x M  
I x F  
C x M  
C x F  

Interactions 

# I - Individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Female 

6 .  SINGAPORE JOURNAL OF EDUCATION 
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No. Pre-Treatment Mean Scores 



'The graphs below Figures 1 and 2 also show confirmed by comparing the post-treatment 
the presence of interaction between the treat- English achievement results classified by inter- 
ment variables and sex variables of the English action subgroups. 'Table 5 shows the results oft- 
post-treatment group. tests on the differential performance between 

'The superiority of the individualistic ap- the various subgroups. 
proach for the female pupils could be further 

FIGURE 1: GRAPHICAL REPRESENTATIONS OF DATA REPRESENTING THE INTERACTION AND 
MAIN EFFECTS OF THE MATHEMATICS GROUPS OF ACHIEVEMENT MEAN SCORES 

Mathematics Group 
Pre-Treatment 

Mathematics Group 
Post-Treatment 

FIGURE 2: GRAPHICAL REPRESENTATIONS OF DATA REPRESENTING THE INTERACTION AND 
MAIN EFFECTS OF THE ENGLISH GROUPS OF ACHIEVEMENT MEAN SCORES 

English Group 
Pre-Treatment 

English Group 
Post-Treatment 
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TABLE 5: A COMPARISON OF POST-TREATMENT ENGLISH 
ACHIEVEMENT PERFORMANCES CLASSIFIED BY 

INTERACTION SUBGROUPS 

* X1 refers to the Second Interaction Group 
X2 refers to the First Interaction Group 

Interaction 
Subgroups 

I x F v s  
I  X M 

The results show that significant differences With respect to the Mathematics group, 
were only observed for the I X F vs I X M and analysis of variance results show that there was 
I X F vs C X F at the 1 % level. This seems to no relationship between the achievement scores 
confirm the superiority of the individualistic and the individual group (male and female) or 
approach for the female pupils in the English the cooperative group (male and female). This 
achievement tests. result was reflected in Table 6 below: 

TABLE 6: A COMPARISON OF POST-TREATMENT MATHEMATICS 
ACHIEVEMENT PERFORMANCES CLASSIFIED BY 

INTERACTION SUBGROUPS 

- 
'X1 

31.59 

I x F v s  
C  X F  

31.59 5.33 34.61 3.27 2.21 

31.59 5.33 33.82 6.46 1.26 

8 .  SINGAPORE JOURNAL O F  EDUCATION 

1 

5.33 

I x M v s  
C x M  

C x F v s  
C x M  

Interaction 
Subgroups 
p- 

I x M v s  
I x F  

I  X M  vs 
C x M  

- 
'X2 

35.4 

35.4 

34.61 

- 
* X1 

14.3 

14.3 

1 

1.94 

1.94 

I x M v s  
C x F  

35.4 
l 

I x M v s  
V x F  14.3 1.94 14.00 2.74 0.47 

I x F v s  
C  x  F 14.23 2.7 

$ 

2.92 

2.92 

3.27 

- 
*X2 

14.23 

14.52 

I x F v s  
C  x M 

C x M v s  
C  X F  

2.92 

t 

3.00 

33.82 

33.52 
~~~~~~ 

9 
- 

2.7 

2.1 

14.23 

14.52 

Level of 
Significance 

p < 0.01* 

34.61 

6.46 

6.46 

t 

2.7 

2.1 

3.27 

0.11 

0.35 

-0.82 

-0.52 

14.52 

14.00 

p > 0.05 

p > 0.05 

0.86 

p > 0.05 

p > 0.05 

p > 0.05 

l 

2.1 

2.74 

0.4 

0.77 

p > 0.05 

p > 0.05 



It should be noted that significant differences in performance were not significant. This 
were not observed in any two subgroups at the seems to suggest that for Mathematics the indi- 
5 % level. The combination of the independent vidualistic approach was more suitable for the 
variables (approach and sex) does not seem to male pupils whereas the cooperative approach 
contributte any effect on the Mathematics was appropriate for the female pupils. 
achievement scores of the pupils. Table 8 shows the summary of the analysis of 

the English Achievement Tests. An inspection c 

Results of T-tests 

The pre-test and post-test scores of the pupils 
who sat for the Mathematics and English 
achievement tests were analysed using the 
student's t-test to determine if there was any 
significant gain at the end of the treatment. The 
results are summarised in Table 7 and Table 8. 

Table 7 shows that, for the Mathematics 
Achievement Tests, the gains in performance 
in the tests were significant at the 1 % level for 
the overall group, the sex groups (male and 
female) and the treatment groups (individ- 
ualistic and cooperative). However, in con- 
sidering the interaction group, the differential 
gains were only significant (at the 1 % level) for 
the individualistic X male and the cooperative X 

female groups. The other two groups (individ- 
ualistic X female and cooperative X male) gains 

of the analysis shows that like the Mathematics 
group, the differential gains in performance in 
the pre- and post-tests were significant for the 
overall group, the sex groups (male and female) 
and the treatment groups (individualistic and 
cooperative). However, there is a difference in 
the interaction group. Significant gains were 
observed (at the 1 5% level) in the pupils' perfor- 
mances in the interaction group (individualistic 
X female and cooperative X male). The other 
two interaction groups (individualistic X male 
and cooperative X female) were not significant 
in the gains in performances. 

Using the results of t-tests on English 
achievement performances for the interaction 
group, it is possible to explain the results on the 
Analysis of Variance of the Performance on 
post-treatment English achievement (Table 4). 
A significant F (p < 0.05) was observed for the 

TABLE 7: A COMPARISON OF PRE AND POST MATHEMATICS 
ACHIEVEMENT PERFORMANCES CLASSIFIED BY 

TREATMENT SEX, OVERALL GROUP AND INTERACTION GROUP 

1988 VOL 9 NO 2 . 9  



TABLE 8: A COMPARISON OF PRE AND POST ENGLISH 
ACHIEVEMENT PERFORMANCES CLASSIPIED BY 

TREATMENT SEX, OVERALL GROUP AND INTERACTION GROUP 

interaction (treatment X sex) indicating a rela- 
tionship between the English achievement and 
the combination of strategies used on (individ- 
ualistic and cooperative) sex of pupils (male and 
female). The results from Table 8 using the t- 
tests analysis seem to indicate that the main 
contributing factors were the individualistic X 

female and cooperative X male groups. 

Attitude Questionnaire in Mathematics 
and English 

The Mathematics and English attitude scores - 

were also analysed by means of a 2 X 2 uni- 
variate analysis of variance and the t-test tech- 
nique to find out if any significant differences 
were observed between various groups. 

Pre-attitude tests (Tables 9B and 10B) show 
that within the treatment groups and the inter- 
action groups the Mathematics and English 
attitude scores were comparable except for the 
Mathematics sex group. The F ratio was found 
to be significant at l % level when the Mathe- 
matics male and female scores were compared. 

The results of the post-treatment analysis are 
shown in Tables 11 and 12. 

Analysis of the above results seems to indi- 
cate that the only main-effect differences in the 
analysis of variance were the sex variable in 
the Mathematics group. The male pupils seem 
to have more positive attitudes towards Mathe- 
matics than the female pupils. This study shows 
consistency in the male pupils' positive attitude 
before and after attending the VLC. As far as 
this sample is concerned, the cooperative group 
did not seem to have any advantage over the 
individualistic group in their attitudes towards 
learning Mathematics and English after they 
had undergone different approaches of teach- 
ing and learning. Similarly, there was also no 
significant F (p C0.05) for the interaction in the 
attitude differences. 

The graphs in Figures 3 and 4 do not show 
any interacting effects of the Mathematics and 
English groups. 
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TABLE 9A: ANALYSIS OF VARIANCE OF 
THE SCORES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENTS AND SEX ON ATTITUDES 
TOWARDS MATHEMATICS (N = 99) 

Source of 1 1 D.F. 
Variation 

Treatment 
Sex 
Treatment X Sex 
Within 
Total 

Sum of I 
Squares 

690.18 

7345.25 
8143.96 ~ 

Mean 
Squares 

F 
ratio 

Level of 
Significance 

TABLE 9B: MEAN SCORES OF ATTITUDES 
TOWARDS MATHEMATICS 

1 Interactions I No. I Pre-Treatment Mean Scores 

Treatment 

I 

I X M 
I x F  
C x M  
C x F  

# I - Individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Female 

Sex 

- 

TABLE 10A: ANALYSIS OF VARIANCE OF 
THE SCORES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENT AND SEX ON ATTITUDES 
TOWARDS ENGLISH (N = 93) 

No. 

48 

Pre-Treatment Mean Scores 

45.96 

Source of 
Variation 

Treatment 
Sex 
Treatment X Sex 
Within 
Total 

1988 VOL9 NO 2 .  11 

F 
ratio 

0.569 
0.45 
0.229 

Level of 
Significance 

p > 0.05 
p > 0.05 
p > 0.05 

D'F' 

1 
1 
1 

89 
92 

Sum of 
Squares 

8.89 
15.78 
40.06 

2427.09 
2491.81 

Mean 
Squares 

8.89 
15.78 
40.06 
27.27 



TABLE 10B: MEAN SCORES OF ATTITUDES 
TOWARDS MATHEMATICS 

Treatment I Pre-Treatment Mean Scores 

44.40 
46.48 

C x M  45.23 
C x F 22 45.80 

Interactions No. 

# I - Individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Female 

l 
Pre-Treatment Mean Scores 1 

TABLE IIA: ANALYSIS OF VARIANCE OF THE SCORES OF PUPILS, CLASSIFIED BY 
VARIOUS TREATMENT AND SEX ON POST-TREATMENT ATTITUDES TOWARDS MATHEMATICS (N = 99) , 

TABLE 11B: MEAN SCORES OF ATTITUDES 
TOWARDS MATHEMATICS 

Source of 
Variation 

Treatment 
Sex 
Treatment X Sex 
Within 
Total 

F 
ratio 

0.13 
9.14 
0.60 

Treatment 

I x M  
I x F  
C x M  
C x F  

Level of 
Significance 

p > 0.05 
p < 0.01* 
p > 0.05 

D.F. 

1 
1 
1 

95 
98 

Interactions 

# I - Individualistic Approach 
C - Cooperative Approach 
M - Male 
F - Female 

Sex. 

1 2 .  SINGAPORE JOURNAL OF EDUCATION 

Sum of 
Squares 

10.16 
699.66 
46.28 

7275.55 
8031.66 

No. 

Mean 
Squares 

10.16 
699.66 
46.28 
76.59 

No. 

Pre-Treatment Mean Scores 

Post-Treatment Mean Scores 



TABLE 12A: ANALYSIS OF VARIANCE OF 
THE SCORES OF PUPILS, CLASSIFIED BY 

VARIOUS TREATMENTS AND SEX ON POST-TREATMENT 
ATTITUDES TOWARDS ENGLISH (N = 93) 

Source of 
Variation 1 D.F. 

Sum of 
Squares 

Treatment 
Sex 
Treatment X Sex 
Within 

Level of 
Squares ratio Significance MI- 

1 
1 
1 

89 

TABLE 12B: MEAN SCORES OF ATTITUDES 
TOWARDS ENGLISH 

Total 1 92 

1 Treatment 1 Sex 1 No. 1 Post-Treatment Mean Scores 1 

I Interactions 1 No. Pre-Treatment Mean Scores I 
I 

I x M  
I X F 
C X M 
C x F  

# I - Individualistic Approach 
C - Cooperative Approach 
M - 'Male 
F - Female 

FIGURE 3: GRAPHICAL REPRESENTATIONS OF DATA REPRESENTING THE INTERACTION AND 
MAIN EFFECTS OF THE MATHEMATICS GROUPS OF ATTITUDES MEAN SCORES 

Mathematics Group 
Pre-Treatment 

Mathematics Group 
Post-Treatment 
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FIGURE 4: GRAPHICAL REPRESENTATIONS OF DATA REPRESENTING THE INTERACTION AND 
MAIN EFFECTS OF THE ENGLISH GROUPS OF ATTITUDES MEAN SCORES 

English Group 
Pre-Treatment 

Results of T-tests 

The pre-treatment and post-treatment attitude 
scores of the 'pupils who responded to the 
Mathematics and English attitude question- 
naires were analysed using the t-tests to deter- 
mine if there was any difference in the attitude 
change at the end of the VLC. The results are 
summarised in Tables 13 and 14. 

Table 13 shows that, for the Mathematics 
group, the change of attitude was found to be 
significant for the female category (p<0.05), 
cooperative category (p < 0.0 1) and the overall 
student category (p< 0.01). The other cate- 
gories (male, individualistic and other sub- - 

groups) were found to be not significant 
(p > 0.05) with respect to their change of atti- 
tude after the treatment. This seems to suggest 
that the cooperative strategy in teaching could 
change the pupils' attitude in this short period 
of study although there is no indication in this 
study that their change of behaviour could 
sustain after the VLC. The female pupils seem 
to have improved in their attitudes after they 
have attended the VLC . 

English Group 
Post-Treatment 

Examining the results from Table 14, it was 
found that there was no significant t (p > 0.05) 
for the change in attitude in any of the cate- 
gories, treatments, sex and interaction sub- 
groups. This seems to suggest that the English 
group of pupils' attitudes were unchanged at 
their VLC participation. 

CONCLUSION 

The following paragraphs summarise the 
results from the analysis of the quantitative data 
of the achievement tests and attitude question- 
naire. 

Achievement Tests on Mathematics and 
English 

(1) MATHEMATICS 
(a) For mathematics, there were no signi- 

ficant differences in performances . 
between the treatment groups and the 1 
sex groups. There was also no relation- 
ship between performance on the test 
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TABLE 13: A COMPARISON OF PRE- AND POST-MATHEMATICS 
ATTITUDE SCORES CLASSIFIED B P  TREATMENT, SEX, 

OVERALL GROUP AND INTERACTION GROUP 

TABLE 14: A COMPARISON OF PRE- AND POST-ENGLISH 
ATTITUDE SCORES CLASSIFIED B P  TREATMENT, SEX, 

OVERALL GROUP AND INTERACTION GROUP 
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and combination of treatment (co- 
operative and individualistic) and the 
sex (male and female) variables. 

(b) Significant gains in performances were 
observed for the following groupslsub- 
groups: all students, male, female, 
individualistic, cooperative, individ- 
ualistic X male and cooperative X 

female. 
(c) It seems that for this particular sample, 

the individualistic approach was more 
effective for the male pupils whereas 
the cooperative approach was more 
effective for the female pupils. 

(2) ENGLISH 
(a) For English, there were also no signi- 

ficant differences in performances 
between the treatment groups and the 
sex groups. However, there was a rela- 
tionship between performance in the 
test and the combination of treatment 
(cooperative and individualistic) and 
sex (male and female) variables. 
Analysis in depth shows that the main 
effect was due to the I X F subgroup. 

(b) Significant gains in performances 
before and after the treatments were 
observed for the following groupslsub- 
groups: all students, male, female, 
individudistic, cooperative, individ- 
ualistic X female and cooperative X 

male. 
(c) It seems that for this particular sample 

the individualistic approach was more 
effective for the female pupils whereas 
the cooperative approach was more 
effective for the male pupils. 

Attitude Scores in Mathematics and 
English 

(l ) MATHEMATICS 
(a) There was no significant difference in 

the attitude change between the treat- 
ment groups (individualistic and co- 
operative) and the interaction groups 
(treatment by sex). However, the dif- 
ference in at~itude was significant 
between the male and female pupils. 
The male pupils were more positive 

towards Mathematics than the female 
pupils. 

(b) The result which is in favour of the 
male pupils in their positive attitude 
towards Mathematics could not be due 
to the treatment alone as the same 
result was also shown before the imple- 
mentation of the programme. 

(c) Significant gains in attitude scores were 
observed for the following groupslsub- 
groups: overall students, cooperative 
group and the female group. 

(d) The cooperative approach seems to be 
effective in changing pupils' behaviour 
and the female pupils seem to have 
improved in their attitude in learning 
Mathematics after they have attended 
the VLC. 

ENGLISH 
(a) For English, there was no significant 

difference from the attitude difference 
of the main effects (treatment and sex) 
and the interactive group. 

(b) Significant gains were not observed for 
the change in attitude in any of the 
categories, treatment, sex and inter- - 

action subjects. 

The Matrix Tables below summarise the 
interaction groups which benefit most from the 
various interaction groups, male and female, 
individualistic and cooperative. 

FIGURE 5: SUBGROUPS OF 
THE MATHEMATICS GROUP WHICH 
SHOW MORE EFFECTIVE RESULTS 

Achievement 

Individualistic Cooperative 

Female 

Attitude 

Individualistic Cooperative 

Female 
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FIGURE 6: SUBGROUPS OF THE population to confirm the effectiveness of 
ENGLISH GROUPS WHICH SHOW 

MORE EFFECTIVE RESULTS 
Achievement 

Individualistic Coopera.tive 

Female 

Attitude 

Individualistic Cooperative 

Female 

With respect to achievement Figures 5 and 6 
show that the results obtained between the 
Mathematics and English groups seem to con- 
tradict each other. 

In Mathematics the individualistic approach 
was more effective for the male group while the 
cooperative approach was more effective for the 
female group. 

Similarly with respect to attitude, the results 
of the Mathematics group also contradicted the 
results obtained from the English group. In 
Mathematics, the female X cooperative group 
seems to gain most whereas the male indivi- 
dualistic category of the English group seems to 
have more positive attitude. 

There are two possibilities to explain the con- 
tradictory results. The approach, although 
named as individualistic and cooperative to 
both groups, used by the English group could 
be slightly different from the Mathematics 
group as the nature of the subject (English) is 
quite different from Mathematics. Hence this 
inconsistency could lead to different results. 
Secondly, the experiment was only carried out 
using a small sample. The selection of the 
sample was beyond the control of the VLC 
Steering Committee because the site of the 
school, and hence the 'feeder' schools where the 
pupils were from, was selected for convenience. 

RECOMMENDATIONS 

The present study raised some questions which 
may be resolved by further research. 

(1) Systematic study with a larger student 

. L  

these two approaches to teaching, viz. co- 
operative and individualistic approaches, 
in Mathematics and English and other sub- 
ject areas. As the results in this study are 
apparently very encouraging, any future 
study should incorporate ways to control 
the other variables which might affect the 
external validity of the study. 

(2) The implementation of the two teaching 
approaches should not be constrained by 
the demands of any Department in the 
Institute of Education, for example, 
student teachers who prepared the English 
teaching materials had to conform to the 
(CSO1) Curriculum Studies Options as- 
signment criteria. These teaching mate- 
rials were more oriented to the course 
assignments than the specific requirements 
in the VLC. 
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SPECIAL SECTION: Research in the Use of Computers in Education 

Development and Evaluation of a Computer Literacy 
Course for Preservice Teachers in Singapore 

Chong Tian Hoo 
Frederick H. Bell 

ABSTRACT 

The problem was to identify topics and 
concepts for a computer literacy course for 
preservice teachers in Singapore, to develop 
curriculum materials, and to evaluate the 
course in terms of achievement, attitudes to- 
wards computers, and reactions to the course 
by the participants. 

The syllabus was designed and curriculum 
materials were developed for the course. The 

Introduction 

In 1975, the Institute of Education, the only 
teacher-training institution in Singapore, first 
introduced its computer programming courses 
as electives for its preservice teachers. Since 
1981, with the purchase of microcomputers, 
more courses have been conducted for pre- 
service teachers enrolled in the various teacher 
education programmes. More preservice 
teachers wished to take the courses as they per- 
ceived that knowledge about computers would 
be useful to them as teachers in schools. Such 
perception was partly due to the greater use of 
computers by government departments, a keen 
interest in computers shown by the public, and 
an influx of low-cost microcomputers afford- 
able by the average family. 

Since July 1986, all preservice teachers in the 
Diploma-in-Education programme have been 
required to undergo a 30-hour Information 
Technology in Education course. This course 
was also offered to preservice teachers in the 

results of the study showed that the course 
had been effective in raising the computer 
literacy achievement of the preservice 
teachers but not attitudes towards com- 
puters. Reactions to the course were favour- 
able and hands-on experience on the com- 
puter was considered the most effective 
aspect of the course. 

Certificate-in-Education programme (for 
General Certificate of Education 'A' Level 
holders) with effect from July 1987. 

There is a need to develop a more compre- 
hensive course for a number of reasons. Firstly, 
because computer literacy is now considered as 
a goal of education, it has an important place 
in the education of students in Singapore. 
Secondly, a more comprehensive course will 
enhance the general understanding of com- 
puter literacy, which should include various 
areas of interest, such as the history and evolu- 
tion of computers, the impact of computers in 
society, and courseware evaluation techniques. 
Thirdly, in the present state of societal develop- 
ment of Singapore, with its commitment to 
computerisation, it has become relevant for pre- 
service teachers to know more about computers 
not only in connection with their training at the 
Institute of Education but also in the larger 
context of society. 
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Computer Literacy 

The definition of computer literacy undergoes 
constant changes as innovative computer lan- 
guages, new communication devices, applica- 
tions software and additional automation tech- 
nologies emerge as and when man enters into 
new eras of scientific and technological de- 
velopment. It varies according to the develop- 
ment of computer technology and its impact on 
the lives of the people. It also differs among 
people in various positions and in different sub- 
ject areas. It is relative and holds true for a 
given culture at a given time (Cheng and 
Stevens, 1985). 

In the context of higher education, the defini- 
tion of computer literacy depends on the kind of 
institution and the kind of graduates it tries to 
turn out (Klassen, 1983). Also, it has to take 
into account the events in computing in 
primary and secondary schools, which supply 
entering students for colleges (Luehrmann, 
1983). Where large computers are available, a 
narrow definition of computer literacy con- 
stitutes the ability to use computers in simula- 
tion and modelling, especially in modelling and 
the learning of physical and biological sciences. 
For a general education, the term has evolved 
to mean basic knowledge about the computers 
and their use, applications of computers, the 
impact of computers on society and the trends 
and issues in computing. 

As computers have become more widely 
used, computer literacy is defined now more in 
terms of one's ability to function in society. 
Many computer educators have defined com- 
puter literacy as the knowledge about com- 
puters and the abilities essential for a person to 
function well in a computer- and technology- 
oriented society. Thus, it is necessary for 
students to understand computers and their 
applications in the world around them, develop 
the skills to communicate with computers, and 
recognise the computer's capabilities, limita- 
tions, and implications for society. Kelman 
(1984) views computer literacy as "a con- 
tinuum in which all citizens possess the mini- 
mum skills needed for social survival, a few 
citizens possess a professional level of skill in 
areas, such as programming or engineering, 
and most people have a level of computer 
literacy skills somewhere in between these two 

extremes, such as the ability to use computers 
for word or data processing" (p. 15). 

Computer Literacy Curricula for Teacher 
Colleges 

Although the computer has generally been re- 
cognised as an efficient tool for solving 
problems, it is also an educational tool, capable 
of supplementing instruction in the classroom 
and enriching the learning of various subject 
areas. A knowledge of computer vocabulary, 
operations and functions enables teachers to 
communicate intelligently with computer pro- 
fessionals. Being able to use the computer as a 
tool in word processing helps teachers to func- 
tion more effectively, and thus makes them 
more enlightened teachers. These aspects of 
computer education are desirable for teachers 
who will then be well prepared to operate in 
schools that will change in character and - 

emphasis in the future. 
The elementary education faculty of 

Northern Illinois University developed six 
STUDY-PACs which are individually de- 
signed, self-paced courseware packets infused 
into the curriculum. The courseware includes 
directions for hands-on experience with micro- 
computers that give students opportunities 
to become familiar with the keyboard, disk 
drive operations, microcomputer terminology, 
word processing, programming languages, 
courseware evaluation, and teacher utility pro- 
grams. Student evaluations of the STUDY- 
PACs in terms of the cognitive and affective 
domains have been positive. The cognitive 
domain consists of microcomputer knowledge 
and skills development. The affective domain 
consists of students' attitudes towards STUDY- 
PAC experience. Each STUDY-PAC includes 
a four- to six-page instructional leaflet complete 
with objectives; required reading, audiotapes, 
videotapes and filmstrips; hands-on microcom- 
puter software and hardware; and feedback. 

Table 1 lists the objectives for the six 
STUDY-PACs stated in terms of what the 
students will be able to do. 

For the student teachers of the Oregon State 
University, Stiehl and Anderson (1983) de- 
veloped and tested a programme that incor- 
porates seven self-paced units in a media 
instructional approach. Each packaged lesson 



TABLE 1: OBJECTIVES OF STUDY-PACs FOR STUDENT TEACHERS 
(FARRIS, JUDD, AND VEDRAL, 1984) 

Packet Objectives 

STUDY-PAC I Define and explain computer literacy and 
the impact of the computer on society 

Introduction to 
Microcomputers Define computer terms 

LOAD and RUN a prerecorded program 

STUDY-PAC I1 Explain use of word processing in the 
language experience approach to teaching 

Introduction to reading, sentence combining, various 
Word Processing teacher reports, worksheets, etc. 

Create several sentences using a word 
processing program 

STUDY-PAC I11 Describe CAI, its associated techniques 
and strategies and how they relate to 

Individualizing individualizing instruction 
Instruction 

Usin,g program evaluation guidelines to 
determine the appropriateness of an 
instructional progam 

LIST a prerecorded program and explore 
how and where individualizing a program 
to meet the needs of students might be 
accomplished 

STUDY-PAC IV Explain various philosophic approaches 
to programming languages 

Introduction to 
Programming Languages Write and RUN a short program (15 lines/ 

procedures or fewer) 

STUDY-PAC V Evaluate instructional microcomputer 
programs in various subject areas 

Evaluating Instructional 
Microcomputer Programs 

STUDY-PAC V1 Explain uses of record-keeping or 
Teacher Utility Programs management programs 

consists of a printed guide which states the pur- 
pose, objectives, and evaluation procedures as 
well as a description of the activities to be 
carried out by students. It provides for video 
cassette, audiotape, and slide-sound inputs in 
addition to hands-on microcomputer use. 

The computer task force at the University of 
Minnesota identified major competencies in 

computer literacy of preservice teachers which 
are listed in Table 2. To help the preservice 
teachers to achieve these competencies it 
recommended a variety of strategies which 
included a course emphasising hands-on 
experience with computers, integration with 
methods courses in areas such as software 
evaluation and materials related to computer 
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TABLE 2: MAJOR COMPETENCIES IN COMPUTER LITERACY 
OF PRESERVICE TEACHERS 

(CARRIER AND LAMBRECHT, 1984) 

Competency Description 

Knowledge of basic Load programs 
computer components and Know input/output devices 
operation Make back-up copies of programs and 

data 
Initialize new disks 
Set up or perform routine maintenance on 
computer equipment 

Knowledge of materials Use books and periodical resources 
and projects related to Draw upon the resources of local, regional, 
computer education or national computing centres or projects 

for materials and technical assistance 

Knowledge of educational Know the ways in which computers can bc 
and personal uses of used to manage or deliver instruction and 
computer as a problem solving tool 

Know such tools as word processing 
software, data base, or file management 
programs, and data analysis software 

Knowledge of individual Use computer to provide for individual 
differences as they relate learning styles and differences 
to computer-assisted 
learning 

Evaluating instructional Know software evaluation criteria 
software appropriate to their teaching specialities 

Ability to developlmanage Choose those times in the teaching 
an environment in which schedule when computer use is appropriate 
computers are available Integrate computer use into programs 
for teachingllearning which may also include other instructional 

activities 

Knowledge of educational Be sensitive to ways in which educational 
and societal implications institutions can respond to and participate 
of the "information age" in changes people make in communicating, 

earning their living, and enjoying 
entertainment 

Ability to use authoring Control the computer through the creative 
languages and to program activity of modifying or developing 
(Optional) instructional software 

education, and another course in which the pre- teacher education programmes and the 
service teachers would have an opportunity to inclusion of strategies to incorporate computer- 
practise design computer-based lessons. assisted instruction opportunities into pre- 

Based upon the findings of their research service teacher education courses. 
studies to identify computer competencies re- 
quired of teachers, several researchers (e.g., Statement of the Problem 

Chen, 1984; Wentz, 1985) have recommended The main problem was the identification of 
the integration of computer competencies into topics and concepts for a 30-hour computer 
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literacy course for preservice teachers in Singa- 
pore, the development of curriculum materials 
for the conduct of the course, and the evalua- 
tion of the course in terms of achievement, 
attitudes towards computers, and reactions to 
the course by the participants. 

Design and Procedures 

There were five phases in this study, namely, 
the identification of computer literacy topics; 
the development of the computer literacy 
course; the validation of the topics, the curri- 
culum materials and the measuring instru- 
ments; the pilot study; and the main study 
involving the implementation of the course on 
samples taken from the target population. 

The topics were identified based on litera- 
ture review, especially of computer literacy 
curricula developed in teacher education in- 
stitutions in the United States. The curriculum 
materials were developed by stating objectives, 
writing lesson plans, and designing assign- 
ments and tests. Three instruments were de- 
veloped, namely, Questionnaire on Attitudes 
Towards Computers, Computer Literacy 
Achievement Test, and Course Evaluation 
Form. Validation was done by six local and 
overseas computer literacy experts and the 
instruments were tried out in the pilot study. 

A four-group pre-test-post-test control group 
randomised design was adopted in the main 
study. The form of the design is represented in 
Table 3.  

The Questionnaire on Attitudes Towards 
Computers and the Computer Literacy 
Achievement Test were administered as pre- 
and post-test to the four groups and the Course 
Evaluation Form was completed only by the 
experimental groups. For the purpose of 
establishing reliability, the Questionnaire 
on Attitudes Towards Computers and the 
Computer Literacy Achievement Test were 
administered again two weeks after the post- 
test. 

Major Findings and Conclusions 

Computer Literacy Curriculum 

Based on the literature and related research, a 
syllabus on computer literacy was formulated. 

The duration of the course is 30 hours and 
the instructional objectives are as follows: 
(1) To arouse the interest of preservice teachers 

in computers and their applications; 
(2) To provide them with knowledge about 

computers and skills in using computers for 
school administration, classroom instruc- 
tion, and learning; 

(3) To equip them with skills to write simple 
computer programs and to utilise commer- 
cial software for doing their assignments; 

(4) To provide them with knowledge about 
laboratory organisation and maintenance, 
computer shopping and costs, and reading 
resources on computers; and 

(5) To enable them to understand the impact 
of computers in society, capabilities and 

TABLE 3: RESEARCH DESIGN 
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2nd Post-test 1st Post-test Group 

Experimental 
Group 1 
(Cert Ed) 

Experimental 
Group 2 
(Dip Ed) 

Comparison 

Group (Existing 

Course) 

Control Group 

Size 

Yes Yes ~ 30 

30 

30 

27 

Pre-test 

Yes 

Yes 

Yes 

Treatment 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 



TABLE 4: TOPICS FOR COMPUTER LITERACY COURSE 

Course Unit Topics 

1. Computer Systems 1. Mainframe, minicomputer, microcomputer 
2. Configurations of computer system 
3. Hardware and software 
4. Computer languages 

2. Computer Use in 1. Computer-assisted instruction 
Classroom Instruction 2.  Courseware selection, utilisation, evaluation 

3. Test generation 
4. Item banks 

( 3. Computer as a 1. Report writing (e.g. word processing) I 
l Learning Tool 2. Computer use in solving ~roblems 

3 .  Learning of creativity by means of LOGO 

1 4. Computer Use in 1. File and database management 

Administration 2. Word processing 

3. Electronic spreadsheets 

4. Packages related to student data 

1 5. Computer Laboratoly 1. Laboratory organisation and maintenance 

Skills 

6. Computers in Society 

2. Computer shopping and costs 

3. Computer book and periodical resources 

1. History and evolution of computers 

2. Strengths and limitations of computers 

3 .  Applications and impact of computers in 

our daily lives 

1 4. Issues and trends in computing 

l 
7.  Computer Programming 1. Program design 

2.  Writing of simple BASIC programs 

3. Flowchart 

4. Graphics, sound, and colour generation 

limitations of computers, and issues and 
trends in computing. 

The content of the course is divided into 
seven course units with topics listed in Table 4. 

The assessment of preservice teachers' per- 
formance is based on the satisfactory com- 
pletion of essay and practical assignments and a 
pass in the Computer Literacy Achievement 
Test at the end of the course. 

Hypotheses 

Six hypotheses were formulated comparing 
the four groups with respect to their attitudes 
towards computers and computer literacy 
achievement. The analysis of covariance 

(ANCOVA) using pretest means as covariate 
was used to test the hypotheses. 

Results of Analysis 

Table 5 shows the means and standard de- 
viations of attitude ratings and achievement 
scores. 

Attitudes Towards Computers 

The results of the tests of significance carried 
out in the main study indicate that although 
there was attitudinal change, the change was 
not significantly different among the four 
groups of preservice teachers in this study (see 
Table 6). 
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TABLE 5: MEANS AND STANDARD DEVIATIONS 

Experimental 1 70.7 9.20 77.8 7.28 1 77.8 ~ 27.5 10.78 59.4 5.10 1 59.9 1 
(Dip Ed) 

Group 

Experimental 
(Cert Ed) 

- 
X = Mean 
SD = Standard Deviation 

Comparison 

1 Control 

TABLE 6: COMPARISON OF POSTTEST MEAN ATTITUDE RATINGS 
OF THE FOUR GROUPS BY ANCOVA 

Attitudes Towards Computers Computer Literacy Achievement 

Pre-test 

- 
X SD 

68.9 7.20 

71.3 8.67 

72.3 8.57 

DF = Degrees of Freedom 
SS = Sum of Squares 
MS = Mean Squares 
F = F-value 
P = Probability 

Pre-test 

- 
X SD 

27.6 5.46 

Source 

Equality of Adjusted Means 
Error 

Total 

Computer Literay Achievement 

Post-test 

- 
X SD 

72.8 8.64 

73.7 11.47 

75.0 7.08 

The major finding as regards computer literacy 
achievement is that there was significant dif- 
ference in achievement gains among the four 
groups under study (see Table 7). Painvise 
comparisons also produced significant results 
(see Table 8). The experimental groups 
achieved greater gains than the comparison 
group and the control group. The groups in 
descending order of their performance (i.e. 
from the best downward) were experi- 
mental Diploma-in-Education, experimental 
Certificate-in-Education, comparison and 
control. 

Adjusted 
Post-test - 

X 

73.8 

Post-test 

- 
X SD 

50.1 7.39 

DF 

3 
106 

109 

Reactions to the Course 

Adjusted 
Post-test - 

X 

50.6 

73.2 

74.4 

The presewice teachers in the experimental 
groups responded favourably to the proposed 

SS 

381.00 
6098.30 

6479.30 

course. They perceived the content and 
materials developed for the course as important 
for their personal growth, relevant in their work 
as future teachers in schools, and useful to them 
as teacher-trainees at the Institute of Educa- 
tion. 

Word processing was considered by both 
experimental groups as most important for 
their personal growth and most useful to them 
as teacher-trainees, and by the Diploma-in- 
Education group as most relevant in their work 
as future teachers in schools. Evidently, the 
preservice teachers regarded word processing 
as a learning tool they could use in writing, 
editing, and printing assignment reports. 
Further, those in the Diploma-in-Education 
group anticipated their potential roles as school 
administrators and as secondary school and 
junior college teachers requiring the ability to 

33.7 9.82 

26.8 6.45 
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MS 

127.00 
57.53 

44.8 5.78 

29.6 5.99 

43.1 

30.8 

F 

2.21 

P 

0.092 



TABLE 7: COMPARISON OF POSTTEST MEAN ACHIEVEMENT 
SCORES OF THE FOUR GROUPS BY ANCOVA 

Equality of Adjusted Means 12111.63 4037.54 143.85* 0.0001 
Error 1 1036 1 2975.22 28.07 1 I 

P 

* Significant at a = 0.05 level 

l I 

F 

I I l 

TABLE 8: POST HOC PAIRWISE COMPARISON t-TEST 
MATRIX FOR ACHIEVEMENT 

MS Source 

Group EC ED CM CN 

l Total 

Experimental 
Cert Ed (EC) 

Experimental 6.66' 
Dip Ed (ED) 0.0001 

Comparison (CM) -5.18" -11.76* 
0.0001 0.0001 

DP 

Control (CN) -13.47" 20.06* 8.09" 
0.0001 0.0001 0.0001 

SS 

109 

* Significant at a = 0.05 level 

15087.85 

use a word processor. On  the other hand, those 
in the Certificate-in-Education group saw their 
future role as elementary school teachers re- 
quiring their knowledge and expertise in 
computer-assisted instructions which they had 
picked as most relevant to them as future 
teachers in schools. 

At the other end of the scale, the Certificate- 
in-Education group consistently chose history 
and evolution of computers as least important, 
least relevant, and least useful, whereas the 
Diploma-in-Education group considered it the 
third least important, the second least relevant, 
and the second least useful. The Diploma-in- 
Education group considered laboratory or- 
ganisation and maintenance as least important 
for personal growth. 

The preservice teachers preferred to have 
sole use of a microcomputer during laboratory 
sessions as they did not think the sharing of one 
microcomputer by two or three people was 
ideal for learning. They considered the dura- 
tion of the course to be inadequate. Extending 
the duration of the course would allow for a 
slower pace, more in-depth coverage of the 

topics, and more practice on the computer. 
Another finding is that a large majority of pre- 
service teachers were not confident enough to 
teach computer literacy in schools after taking 
the proposed course. Their reactions revealed 
many probable reasons to this problem. One 
reason is that the preservice teachers had not 
completely mastered the practical aspect of the 
course owing to insufficient time spent on the 
microcomputer. Many topics discussed had to 
be crammed within the allotted time because of 
the wide scope of the course. To many pre- 
service teachers in the study, this course was the 
only computer literacy course they had ever 
taken. Hence, many of the topics and activities 
were new and strange to them. Time and prac- 
tice are needed for more in-depth under- 
standing of the concepts involved and greater 
familiarity of the microcomputer. 

One way to enhance the confidence of the 
preservice teachers to teach computer literacy 
in schools is to' increase their knowledge and 
understanding of the concepts involved and to 
enable them to be more skillful in using micro- 
computers. These could be incorporated into 
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an extended course in which the pedagogical 
elements could also be introduced and instruc- 
tional materials designed and developed to 
support them in their teaching. 
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Investigation of Various Modes of Computer-based- 
learning for Secondary Schools 

Low Khah Gek 

ABSTRACT 

Case studies on five different modes of and information-processing skills; and 
computer-based learning (CBL) were con- e) use of the word-processor for learning 
ducted in two secondary schools. The five grammar and writing skills. This paper 
CBL modes are: a) CBL for revising a pre- describes the implementation procedures 
viously taught topic; b) CBL for introducing and evaluation findings, and discusses the 
a new topic; c) CBL for vocabulary acquisi- potential of these five CBL modes. 
tion; d) CBL for learning problem-solving 

Introduction 

Presently, all secondary schools in Singapore 
are engaged in using the microcomputer to 
study about the computer itself. The activities 
of the Computer Appreciation Clubs and the 
Computer Awareness Courses focus on the 
acquisition of programming skills and the use of 
general application packages such as word- 
processing, data-base management, desk-top 
publishing etc. 

The other application of the microcomputer, 
to enrich the teaching and learning processes, - - 

has yet to play a significant role in our secon- 
dary schools. Two of the major reservations 
that the schools have expressed about 
computer-based learning are: 
* there is insufficient evidence that CBL can 

be effective. 
* there is no precedence of successful CBL 

programmes to emulate. 
Hence a series of CBL lessons were piloted in 

1987 to illustrate and assess the effectiveness of 
CBL for the five modes as stated in the abstract 
above. 

All the CBL lessons were conducted in the 
computer laboratory with the students working 
individually except for lesson d) where the 

students worked in pairs because discussion and 
cooperative learning would be useful in that 
instance. 

CBL-Revision Mode 

Relevant sections of two science packages, En- 
vironment I: Habitats and Ecosystems and En- 
vironment 11: Cycles and Interactions, were 
used in the CBL lessons. Two Secondary 2 
Express classes were involved in this case study. 
Each class was split into two groups which were 
comparable in terms of their mid-year science 
exam marks. One group revised by the CBL 
mode while the other group revised by reading 
their science textbooks and teacher's notes. 
Both CBL and non-CBL groups were given the 
same learning objectives. At the end of the 
lesson (l hour), the two groups sat for a test 
which assessed the students' mastery of the 
learning objectives. 

Findings- Cognitive 

The overall performance of the CBL group was 
significantly better than the non-CBL group. 



Moreover, the better performancg was mani- Discussion-Potential oJ' CBL-Reuision Mode 
fested in those items requiring understanding The conventional method of revision involves 
and application rather than in those items re- reteaching or setting a set of exercises pre- 
quiring recall (see Table 1). viously encountered by the students or leaving 

TABLE 1: MEAN SCORES OF CBL AVD NON-CBL GROUPS IN 
THE VARIOUS LEARNING OBJECTIVES 

Learning Objectives 

Definition of ecology, 
habitat, population, 
community, niche, 
competition 

Types of 
Item 

Recall 

Understanding 
and 

parasitism Application 

Max. 
Score 

4 

1 Definition of food chain, 

i herbivore, carnivore, 
producer, primary, 

Recall and 
Understanding 

Mean Scores P > ltl 

+ Non-CBL group performed significantly better at .05 level of significance. 
* CBL group performed significantly better at .05 level of significance. 
NS No significant difference between the mean scores of the two groups. 

0.0365 + 

CBL 
(37 pupils) 

2.84 

secondary and tertiary 
consumers 

Overall 

Except for two pupils, all the CBL pupils felt 
that the CBL-revision lesson was interesting, 
effective and enjoyable. They also felt that the 
CBL package was simple to use and they would 
like to have more CBL-revision lessons. 

The two pupils who stated that they did not 
enjoy the CBL-revision lessons and did not 
desire to have any more CBL lessons gave the 
following reasons for their negative responses: 

they could no longer sit back and be non- 
committed and passive; 
their misconcepts were shown up and they 
were forced to relearn the particular section; 
and 
the teacher would know their individual 
progress and the fact that they were not 
learning would be noticed. 

Non-CBL 
(37 pupils) 

3.27 

the students to read their notes and textbooks. 
These modes of revision do not offer a fresh 
avenue for relooking at the learned materials. 
On  the other hand, the CBL-revision mode 

21 

provides a new way of learning 'old' materials; 
it has been well established (Child, 1981) that 
active reconstruction and reorganisation of 
learned materials help to fix it in one's mind. 

The CBL-revision mode also ensures that 
students are actively participating in the learn- 
ing process because there is extensive inter- 
action between the student and the courseware. 
Questions compel the students to think and 
apply newly learnt concepts and feedback is 
immediately provided with regards to the cor- 
rectness of their answers. Thus the CBL- 
revision mode probes the student's understand- 
ing and closely monitors the student's progress 

18.27 
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through the learning materials. The CBL mode 
does not permit students to be mere spectators 
in the learning process. Each student has to 
exert individual effort to achieve mastery in the 
subject concerned. 

CBL-Introduction Mode 

Methodolopy 

The 'Structure of Matter' package was used to 
introdhce new concepts to a Secondary 2 
Express class. The contents went beyond the 
Secondary 2 Express Science syllabus. They 
included the concept of electron energy shells, 
sequence for fding up these shells, concept of 
atomic number and mass number, determining 
the number of protons, electrons and neutrons 
from these numbers and drawing the structure 
of atoms gven their atomic and mass numbers. 
After the CBL-introduction lesson (45 
minutes), the students were tested to ascertain 
their mastery of these new concepts. 

Findings 

Of the 33 pupils 82 % achieved mastery, that is, 
they scored 80% or more in the test. The re- 
maining 18% who failed to achieve mastery 
nevertheless managed to get at least 65% of 
their answers correct. 

Discussion-Potential of CBL-Introduction Mode 

The ability of the CBL package to provide 
attractive graphics, animation, immediate 
feedback, remediation loops and individualised 
interactive learning can lead to the effective 
learning of a new topic. Moreover, the peda- 
gogical style of the package makes it especially 

amehable for mastery-learning: 
a) The subject matter is presented in small 

assimilable sections. 
b) At the end of each section, there is a review 

followed by a quiz. 

c) Students must score at least 80% in the 
quiz in order to proceed to the next section; 
otherwise, they would repeat the section 
again. 

CBL-Vocabulary Acquisition 

Methodolopy 

A Secondary 2 Express class of 30 students was 
randomly divided into two groups: one group 
used the 'Word Attack' package to learn 25 
verbs while the other group learnt from a list of 
the same 25 verbs and their meanings. After 45 
minutes, both groups sat for a test which com- 
prised two parts: 
a) Multiple-choice questions where the 

meaning is given and the students have to 
choose the correct word. These items test 
'passive' vocabulary - the knowledge of 
the meanings of words. 

b) Sentence-completion exercises where each 
sentence has a blank and the students have 
to fill in the blank with an appropriate 
word. These items test 'active vocabulary' 
- the ability to use the words. 

Findings 

The mean scores of the CBL group were higher 
in both sections (see Table 2). In the sentence- 
completion section, the performance of the 
CBL group was significantly better than the 
non-CBL group. Thus the CBL pupils were 
more able than the non-CBL pupils in using 
the words, that is, they had acquired better 
active vocabulary. 

TABLE 2: MEAN SCORES OF THE CBL AND NON-CBL GROUPS 
IN THE VOCABULARLY ACQUISITION TEST 

Type of items 

Multiple-choice 0.0545NS 

Sentence-completion 8.33 6.46 0.0041' 

* CBL group performed significantly better at .05 level of significance 
NS No significant difference between the mean scores of the two groups 
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Discussion - Potential of CBL-Vocabulary CBL-Problem-Solving and Information- 
Acquisition Processing Mode 

In a recent study (Santha Rajendra, 1987) 
into the teaching of vocabulary in our secon- 
dary schools, it was found that the teaching of 
vocabulary was generally neglected compared 
to the other language components. Whatever 
vocabulary teaching was done seemed to be 
carried out in order to facilitate the learning of - 

other language areas like reading compre- 
hension rather than with the aim of expanding 
pupils' vocabulary. 

With the present heavy curriculum, teachers 
will find it difficult to allocate time specifically 
to the deliberate teaching of vocabulary. 
Alternatively, the learning of new words could 
be done outside curriculum and the teachers 
would coordinate and monitor the students' 
progress. The CBL mode provides a means for 
vocabulary acquisition. A good vocabulary 
package will enable students to learn on their 
own. It can also allow students to learn at their 
individual level of competence, provide prac- 
tice in the use of words in context and, as in the 
case of the 'Word Attack' package, provide a 
built-in game to motivate students to achieve - 
mastery and to make learning more interesting. 

Methodology 

The lesson involved a class of 28 Secondary 2 
Express students working in pairs at the com- 
puter terminals. Their task was to solve a 
murder case from the package 'Murder By The 
Dozen7. The pa.ckage first presented the case 
history and then provided them with the facili- 
ties for interviewing people related to the 
murder and for examining physical evidence. 
The objectives were to discover who committed 
the murder, to collect enough evidence to 
convict the criminal and to write a report on the 
murder case. The activities in this lesson and 
the skills related to each activity are tabulated in 
Table 3. 

Though the lesson sequence and objectives 
were spelled out to students, some of 
them were very disorganised. After a mere cur- 
sory look at the case history, they rushed into 
the investigation process. Without identifying 
the key issues of the case, they could only 
proceed haphazardly. Moreover they did not 

TABLE 3: ACTIVITIES AND SKILLS (PROBLEM-SOLVING 
AND INFORMATION-PROCESSING) 

1 Activity 1 Skills Involved I 
Reading the case history 

Interviewing people and 
examining physical evidence 

Solving the murder-synthesize 

possible solutions and testing 

plausibility 

Reading comprehension 
Identifying issues 
Gleaning relevant information 

Gathering information 
Keeping record 
Noting details 

Assembling information logically 

Reasoning and deducing 

Reporting Compiling and presenting 

inforination 

Written communication 
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bother to keep a record of new information (b) proof-reading an essay-involves editing for 
which surfaced during the investigation. Thus coherence, clarity, vocabulary, sentence 
they did not capitalise on the new information structure, grammar, spelling and punc- 
and their investigations were consequently tuation. - 
incomplete. In the end, they made intelligent 
guesses of who the murderer was but could not 
support their claims. The lesson would have 
been a purposeless experience for these 
students if not for the fact that they were to 
repeat the lesson with the teacher monitoring 
them closely to ensure that they did use those 
skills (see Table 3) necessary for solving the 
case. 

Discussion-Potential of CBL-Problem-Solving and 
Information-Processing 

Most computer games require the player to 
work out a puzzle, crack a brain-teaser, break a 
mathematical code etc. Thus the essence of 
computer games is to pose problems for the 
player to solve and the process of arriving at the 
solution usually requires a systematic and per- 
sistent effort. 

Presently, many teachers disdain computer 
games. They perceive computer games as 
merely providing students an entertaining 
diversion but otherwise having no educational 
value. Others may concede that these games 
can lead to the development of analytical and 
deductive skills. However, these skills often 
elude detection and measurement. 

Nevertheless, by suitably shaping and 
devising the use of computer-games, the 
teacher can ensure that the players will in the 
process of play be productively learning 
problem-solving and information-processing 
skills. 

Use of the Word Processor for Learning 
Grammar and Writing Skills 

Methodology 

Exercises which lend themselves particularly 
well for the word processor are of the editing- 
text type. In this study, two types of exercises 
were presented. They were: 
(a) editing passages for particular grammatical 

errors as the use of appropriate pronoun 
case, pronoun-antecedent agreement, 
subject-verb agreement, the appropriate 
use of tenses and appropriate punctuation; 

A Secondary 4 Express class was chosen for 
this study. The class was divided into two 
groups by their mid-year English exam marks. 
One group (19 pupils) used the wordprocessor 
to do the assignment while the other group (2 1 
pupils) did the same assignment in the usual 
pen-and-paper way. At the end of the lesson (1 
hour), a questionnaire was given to elicit: 

the two groups' perceptions of the usefulness 
of the text-editing assignment; 
their enjoyment of the lesson and of the 
mode of doing the assignment; and 
their desire to have more text-editing type of 
assignment. 
The students' finished assignments were 

marked and analysed for any difference in the 
two groups' performances. 

Findings 

Both the wordprocessor and the pen-and-paper 
groups felt that the text-editing type of exercises 
was useful in the development of grammar 
competence and writing skills. The wordpro- 
cessor group enjoyed the lesson significantly 
more than the pen-and-paper group. More- 
over, the wordprocessor group was more re- 
ceptive towards having more of such text- 
editing assignments. 

There was no significant difference in the 
performances of the two groups. This is to be 
expected as the mode of doing the assignment is 
not likely to affect their performance but rather 
their level of interest and enjoyment. 

Discussion-Potential of Using Wordprocessor for 
Learning G r a m m a r  and Writing Skills 

It has been documented elsewhere (Gula, 1982) 
that the wordprocessor can motivate students 
to: 

write more 
make the effort to edit and improve their 
essays 
take note of the presentation of their work 
take pride in the final product 
The English teacher may exploit these 

advantages of the wordprocessor by making the 
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TABLE 4: MEAN SCORES OF WORDPROCESSOR GROUP (WP) AND 
PEN-AND-PAPER GROUP (PP) 

Type of items Mean Scores 2::- bi P > ltl 

(19 pupils) 

Desire to have more text- 
editing assignments 5 3.83 1 3 5 5  1 0.34NS / 

Usefulness of the text- 
editing assignment 

Enjoyment of the lesson 

* Mean score of WP-group is significantly higher than PP-group at .05 level of 
significance. 

NS No significant difference between the mean scores of the two groups. 

l I l 

(19 pupils) 

computer available for the students to do their 

l 
5 

5 

assignments and write essays. The same assign- 
ment done the usual pen-and-paper way may 
be considered boring and tedious but when 
done using the wordprocessor it becomes a 
novel and challenging task. High enthusiasm 
and interest are generated by the mere use of 
the wordprocessor. 

Conclusion 

4.16 

3.84 

The above five case studies involve single CBL 
lessons (approximately one hour each). Collec- 
tively, the findings are encouraging. Thus 
CBL lessons could be used for introducing 
new topics; this may be done as part of 
the teaching schedule during curriculum time. 
Alternatively, CBL lessons could be conducted 
outside curriculum time for students to revise a 
previously taught topic. This is to acquire 
knowledge and skills which the teacher in the 
throes of completing the syllabus, is not able to 
teach during curriculum time. Finally, apart 
from using the microcomputer to run CBL 
packages, the microcomputer may also feature 
as a tool for doing assignments. 

It is hoped that these favourable CBL find- 
ings may compel schools to exploit the micro- 
computer for enriching the teaching and learn- 
ing processes. 
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CBL PACKAGES 

Environment I: Habitats and Ecosvstem (IBM Corporation) 
Environment 11: Cycles and Interactions (IBM Corporation) 
Structure of Matter (IBM Corporation) 
Word Attack (Opportunities For 

Learning, Inc) 
Murder by The Dozen (CBS Software) 
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Developing Computer-Assisted Interactive Video 
Courseware for Instruction 

Teh P.L. 
Neil Perry 

ABSTRACT 

This study reports the results of a funded disc, preparation of a computer-assisted 
project aimed at the production and evalua- interactive videodisc courseware on the 
tion of instructional materials suitable for concept of weather forecasting using these 
use on an interactive videodisc system. More materials, reporting on the process of 
specifically, this project involved the development, and testing the product with a 
development of visual materials on a video- group,drawn from the intended audience. 

Introduction 

The interactive videodisc is one of the newer 
technological developments that is associated 
with the microcomputer, and has been 
ciescribed b,y Levin (1983), Hedberg, Perry & 
McNamara (1984), and Kearsley and Frost 
(1985), Uhlig and Feldman (1985), Hannafin 
(1986), Withrow (1986), Teh (1986a), Teh 
(1986b), Teh (1987). From an educational 
point of view, the most significant feature of the 
videodisc, apart from its phenomenal informa- 
tion storage capacity, is its .ability to provide 
multi-media learning sequences which may be 
stored on a single disc: text, visual data, speech, 
computer programs, and still and moving film 
sequences. A suitably programmed computer 
can in effect be placed in control of a slide pro- 
jector; film projector and tape recorder to 
provide a multi-media lesson. 

While interactivity has been available since 
the development of the microcomputer, the 
addition of a high quality visual display in the 
interactive videodisc has facilitated the poten- 
tial interactions to become more realistic than 

the previously available computer graphics and 
printed text displayed on a screen. Not only can 
instructional materials be presented to students 
in a realistic and flexible format, results of 
choices in the instructional episode can also be 
fed back to the learner in a realistic manner. 
The interactive videodisc has therefore not only 
enabled enhanced interactivity in terms of 
quality visual display (both motion and static) 
that can be planned into instructional 
sequences, but has also enhanced the inter- 
active control available at the student's console. 
It has also allowed the student to impose an 
interactivity upon instructional materials in a 
manner not previously possible. 

The interactive videodisc is therefore a 
unique combination of videodisc and micro- 
computer which has the potential to augment 
the existing attributes of each medium 
separately. Until the relatively recent develop- 
ment of interactive videodisc technology, the 
combination of the visual richness of film and 
television with the spontaneous qualities of 
interactive computing has been unattainable. 
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As put by Grabowski and Aggen (1984), the 
interactive videodisc systems are "image rich" 
because they allow " . . . the learner to access 
any number or combination of motion 
segments orland still frame imagery", Given 
that the structure of instructional miterids has 
been traditionally determined at the design and 
development stage of the materials, this revela- 
tion has enormous ramificatiorls for instruc- 
tional designers and courseware developers 
who intend using this technology. 

Phase 1 was devoted to examining a suitable 
theoretical base for the production of the 
computer-videodisc software to teach the 
concept of weather forecasting. This was to 
ensure that the design of the Computer- 
Assisted Interactive (CAI) courseware was 
related to a suitable psychological theory as a 
base. 

'This phase of the developmental project was 
to derive design dimension from review of 
literature, especially those applying to: 

(1) learning problems in geography; 
HARDWARE AND COURSEWARE (2) the shifting emphasis to cognitive psycho- 
DESIGN O N  THE INTERACTIVE l o g  as inputs to instructional design; and 
VIDEODISC SYSTEM (3) the translation of these dimensions for 

videodisc materials. 
Developmental Phases of the Materials 

For developmental purposes, the project was Phase 2 involved recording of visual 
divided into four integral phases (see Figure l). materials 'on 16mm film as part of a larger 

FIGURE 1: PHASES O F  T H E  DEVELOPMENTAL PROJECT 

Use of Videodisc to Teach Concept of Weather Forecasting 

1 1 
Design Phase (Phase One) Videodisc Development Phase (Phase Two) 

Derive design dimension 
from literature review 

(Technical production) 

1 
Deliberations about: 
(a) learning problems in 

geography 
(b) shifting emphasis to 

cognitive psychology as 
inputs to instructional 
design 

I 
Deliberations about: 
(a) use of synoptic charts 
(b) choice of satellite images 
(c) use of graphic design techniques 

for diagrams and charts 
(d) use of cinematographicianimation 

techniques to record materials on 
16mm film 

Translate dimensions for 
videodisc materials 

Product (16mm film fpr mastering disc) 

Courseware Development Phase (Phase Three) Evaluation Phase (Phase Four) 

computer courseware 

Deliberations about: 
(a) selection of an appropriate programming 

languagelauthoring system to generate 
the initial coding for the CAI program 

Evaluation: 
(a) content area test 
(b) semantic differential scales 
(c) courseware evaluation 
(d) computer awareness 

(b) adoption and refinement of Apple 
SuperPILOT in the design of 
computer-assisted interactive video 
instruction 
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videodisc materials project. This phase had 
four distinct but interrelated stages: 

(1) selection and preparation of synoptic charts 
and diagrams; 

(2) selection of satellite images to match the 
synoptic charts and diagrams; 

(3) selection and preparation of diagrams and 
illustrations using graphic design tech- 
niques; and 

(4) assisting the cinematographer/animator in 
preparing the synoptic charts, diagrams 
and satellite images for recording under the 
animation stand. 

Phase 3 involved the preparation of the CA1 
courseware. This phase had two distinct stages: 

( l )  deliberations about selection of an appro- 
priate programming language/authoring 
system to generate the initial coding for the 
CA1 program, and 

(2) adoption and refinement of Apple Super- 
PILOT in the design of computer-assisted 
interactive video instruction. 

Phase 4 involved an evaluation of the 
computer-assisted interactive video materials. 

Videodisc System 

The videodisc system employed in this develop- 
mental project included: 

(l) Disco Vision Associates (DVA) 7820-3 
laser videodisc system. A microcomputer 
for control of the videodisc player operation 
is built into the DVA 7820-3. This feature 
enables the implementation of the play, 
search, slow forward or reverse, frame by 
frame review, frame display and audio 
commands. This internal microcomputer 
also allows for programming, but it is not 
possible to access the microcomputer 
instruction set directly. There are different 
ways in which the internal microcomputer 
can be programmed but in this develop- 
mental project, programming was 
achieved via an external host computer. 

(2) The external host computer used in this 
project was an Apple-I1 + microcomputer 
with twin drives and an external videodisc 

interface. Through this system all the fea- 
tures mentioned above were achieved, 
including direct access to any frame within 
seconds. As configured for this develop- 
mental project, the following features were 
put under the control of the Apple-11+ 
microcomputer: slow forward, frame by 
frame review, frame recall and stop, and 
speed control as well as freezing a frame for 
a closer study. 

(3) An Allen Communication VMl  Card 
acted as an interface between the DVA 
7820-3 videodisc player and the Apple- 
I1 + microcomputer. 

The audio and visual information are 
recorded onto the disc through the medium of 
16mm film. Each side of a disc has 54 000 
frames with a unique number independently 
retrievable. A single T V  frame is generated by 
each rotation of the disc, which allows approxi- 
mately 30 minutes of continuous motion on 
each side of the disc. Both the Apple-I1 + and 
videodisc player operated on a NTSC colour 
standard, which enables the videodisc frames 
and microcomputer display to appear on a 
single screen but not simultaneously. The 
audio tracks do not play when a still frame or 
slow forward/reverse is being used. Music is 
generated using the Apple-I1 SuperPILOT 
software. 

Production of the Disc 

The instructional materials used for this pro- 
ject were part of a larger videodisc materials 
project. This part of the project involved 
recording the following information on 16mm 
film in readiness for mastering the disc: 

(1) Daily synoptic charts from the Western 
Australian office of the Bureau of 
Meteorology. 

(2) Satellite imagery of two types: 
(a) Daily images of parts of MTestern Aus- 

tralia from the American National 
Oceanic and Atmospheric Administra- 
tion Satellite (NOAA7). 

(b) Selected Australian images from the 
Japaness Geostationary Meteorology 
Satellite (GMS). 

1988 VOL 9 N O  2 . 35 



The recording of information on 16mm film 
for the mastering of the disc involved the follow- 
ing activities: 

(1) Use of graphic design techniques to prepare 
the selected visuals for filming, and 

(2) Use of cinematographic and animation 
techniques to film the NOAA7 and GMS 
slides and photos under the animation 
stand. 

Control of the Videodisc 

Of the range of possible interfacing and CA1 
authoring languages for controlling videodiscs 
in educational contexts reported by Jeffery and 
Winship (1984), Lee (1984), Zollman (1984) 
and Allen (1985), Apple SuperPILOT was 
chosen for the current project. The reasons for 
this include the following: 

(1) It allows instructors with little knowledge of 
programming to write CA1 lessons; 

(2) The easy to use graphics and sound editors 
are useful in the preparation of charts, 
graphics, diagrams and music; 

(3) It has improved screen presentation tech- 
niques; and 

(4) The videodisc can be readily accessed 
through programs written in this language. 

Structure of the Program 

Before entering the instructional sequences 
proper, users are first required to complete a 
pre-test on the concepts of weather forecasting. 
Based on their entry learning abilities, learners 
.may be directed to the basic modules (Modules 
2 - 6) or advanced modules (Modules 7 - 14) 
of the program. The overall structure of the 
program is shown in Figure 2. 

The introductory module is essentially a 
series of instructions to help students use the 
program. 

The pre-test contains five items; one dealing 
with each of prediction of wind speed and direc- 
tion, cloud patterns, relative humidity and 
general synoptic chart interpretation. Within 
each item students are first presented with text 
information and a visual and are then 
prompted to make a response. No chances or 
corrective feedback are given at this stage. The 

FIGURE 2: STRUCTURE OF PROGRAM 

Introductory Module 
Instructions 

I 1. Pre-Test 

Wind speed and direction 
Relative humidity 
Synoptic chart interpretation 
Cloud formation 

Basic Concepts 

1 2. Understanding Australian weather maps 
3. Movement of air 
,4. Representation of pressure on a 

synoptic chart 
5. Wind direction 
6 .  Wind speed 

Advanced Concepts 

Fronts 
Weather associated with pressure 
patterns 
Air mass history 
Trough and ridges 
Sequencing of synoptic charts 
Tropical cyclones 
Upper air data in forecasting 
Satellites and weather - 

I Paper and Pencil Post-test I 
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visuals are generated from either the videodisc 
player or the graphics capabilities of Super- 
PILOT. Depending upon the number of errors 
made during the pre-test, students are directed - 
to the basic modules when their score is two or 
less, or to the advanced modules of the program 

- - 

when their score is more than two. 
The basic modules instruct students in ele- 

mentary weather map interpretation, again 
using visual illustrations generated from either 
the videodisc or the computer. The advanced 
modules assume an understanding of the skills 
in interpreting a synoptic chart, the use of satel- 
lite imagery, and the c,orrelation between these 
two sources of information, and require users 
to apply those skills in the iearning of weather 
forecasting. 

Instructional Format 

While the presentation of the instructional 
sequences in these materials varies between 
segments, typically students are introduced to 
an idea with the use of a combination of text 
and visuals. This format is usually repeated . 
several times in each segment - until the idea 
has been developed sufficiently for the student 
to answer a question concerning the current 
material. An example segment from Module 12 
of the program is shown in Figure 3. 

Instructional cues were presented in a variety 
of forms - sometimes on the video screen 
driven by the videodisc player, but more fre- 
quently on the video screen driven by the 
Apple-I1 + microcomputer. Occasionally, 
annotated charts and diagrams were used in 
conjunction with visuals generated by the 
videodisc, but very often, computer text was 
used. 

The visual information presented to students 
came fro'm either the videodisc or the 
computer. The videodisc materials were of 
course all pre-recorded; they contained pictures 
of sequential synoptic charts, matching satellite 
images and schematic diagrams of fronts, air 
masses and the like. The synoptic charts and 
satellite images were used both individually and 
in slow play mode to depict the changing 
weather patterns over Western Australia. 

Frequently, slow motion images were used, 
but without sound. The series of synoptic charts 

FIGURE 3: AN EXAMPLE SEGMENT 

(MODULE 12) 

l computer 
Sound 

I - 
Computer 
Text 

Satellite Image 

Computer I Text ( 
Videodisc 
Synoptic Charts 
Slow Motion L 
Computer 
Text 

Computer 
Graphics 

Computer 
Text 

Videodisc 
Satellite Image 

Computer 
Correct Response I 

I Computer 
First Incorrect Response 

I Computer 
Second Incorrect Response F-- 
Next Segment 

1988 VOL 9 NO 2 . 37 



produced an animated sequence when shown 
in the slow play mode. Still images from the 
disc with supporting computer graphics were 
also employed. Frame by frame review was 
especially used to show the nature and char- 
acter of tropical cyclones and the use of satellites 
in weather forecasting. The sound facility of the 
computer was used to generate music at the 
beginning of each module. 

CA1 Program 

The CA1 program consisted of a series of 
modules which were designed to instruct 
students in various aspects of weather forecast- 
ing. These materials were designed to take full 
advantage of the interactive nature of both the 
videodisc and microcomputer. These modules 
are shown in Figure 2. A listing of the CA1 pro- 
gram is available from the authors. 

Evaluation of the Computer-Assisted 
Interactive Videodisc Materials 

The materials were initially trialled with a 
group of 14 undergraduate teachers-in-train- 
ing, all of whom were enrolled in a social 
science unit. Ten of the students reported them- 
selves as being totally inexperienced with the 
use of a computer while the remaining four 
(three males and one female) sometimes used a 
computer. 

Students were requested to complete a written 
pre- and post-test; each consisted of a weather 
forecasting test and a semantic differential scale 
concerning attitudes towards technologically- 
based learning systems. The post-test also con- 
tained another semantic differential scale deal- 
ing with attitudes about the videodisc system 
used in this trial. Finally, subjects were asked to 
evaluate the weather forecasting program 
developed in connection with this project. 

The pre-tests were administered to subjects 
as a group during their normal class time. Each 
subject was then requested to work through the 
weather forecasting program individually and 
to complete the post-tests. Each student spent 

about one hour working through the program a 

and completing the necessarry pre- and post- 
tests. 

The results of this evaluation are considered 
under five headings: the content area test, the 
semantic differential scales, the courseware 
evaluation and the correlations between 
various measures. 

Content area test 

Table 1 shows that although there was a signi- 
ficant improvement in the overall results, in 
terms of performance on each item, significant 
improvement was only on Question 1 (explana- 
tion of the term "nowcasting"), Question 6 
(identification of weather phenomenon) and 
Question 16 (the use of upper air data in 
explaining the apparent contradiction in a low 
pressure system). Interestingly, these three 
questions were also the most difficult. The fact 
that students were able to improve significantly 
in their post-test showed that the materials were 
adequate and sufficiently instructive as to 
increase students' performance significantly on 
these difficult questions. 

Semantic differential scales 

Subjects were asked to rate their feelings on - 
three semantic differential scales: techno- 
logically-based learning systems (before and 
after working through the computer-assisted 
interactive videodisc materials) and the parti- 
cular videodisc learning system used in the 
project. 

With one exception, subjects did not reassess 
their prior opinions about technologically- 
based learning systems (Figure 4). The one 
exception concerned the colourfulness of 
technological systems. Subjects positively re- 
assessed their feelings in respect of this matter. 
The profile of group means on this dimension is 
shown in Figure 4. Of interest is the fact that 
although subjects considered technologically- 
based learning systems would tend to be 
humourless, active, complex and colourless, 
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TABLE 1: RESULTS OF PRE-AND POST-TEST 
ON WEATHER FORECASTING 

Overall 14 

Q1 14 
Q2 14 
Q3 14 
Q4 14 
Q5 14 
Q6 14 
Q7 14 
Q8 14 
Q9 14 
Q10 14 
Q11 14 
Q12 14 
Q13 14 
Q14 14 
Q15 14 
Q16 14 
Q17 14 
Q18 14 

only the view about colourfulness was signi- 
ficantly reassessed - positively. 

Subjects were also asked to rate their feelings 
about this particular videodisc learning system 
upon completion of the interactive videodisc 
lesson. The profile of group means indicates 
that feelings were largely positive (Figure 4). 
There were three significant areas of reassess- 
ment of opinion when compared to subjects' 
initial feelings about technologically-based 
learning systems - the videodisc was con- 
sidered less complex, more colourful and less 
active. 

Difference 

-t P 

post-tests scores in the content area. Neither 
was there any significant correlation between 
subjects' keyboard expertise and their pre- and 
post-test scores. These results suggested that 
the level of the subjects' computing experience 
or keyboard expertise did not affect their pre- 
and post-tests in the content area and were 
contrary to previous research that computer 
experience might influence performance on 
computer tasks (Moran, 1981; Card et al, 
1980). The results could be attributed to this 
particular interactive videodisc CA1 program 
which did not require much knowledge on the 
concept of weather forecasting. 

Courseware evaluation 

Upon completion of the program subjects were Conclusions 
required to complete a courseware evaluation This project has demonstrated that it is possible 
form. As indicated the group mean profiles to develop computer-assisted interactive video 
shown in 2 7  the program was generally courseware materials that are appropriate to 
well received. particular teaching-learning situations. The 

Correlations between measures 
materials developed in connection with this 
project have shown that a wide range of the 

Correlations between measures used in the features available on such systems can be 
evaluation are presented in Table 3.  No signi- applied to develop effective learning materials. 
ficant differences were found between the corn- Developing interactive videodisc systems 
puter awareness of subjects and their pre-and requires a lot of activity which must be concep- 
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FIGURE 4: SELF-RATING OF OPINIONS BY SUBJECTS 
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3: Videodisc system used for testing (A) 

Horizontal links between arrows indicate significant differences between mean ratings 
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TABLE 2: COURSEWARE EVALUATION - PROFILE OF GROUP MEANS 

Content Characteristics 

Understood text 
Good sequence of concepts 
Instructions simple and easy 
Completeness of instructions 
Understood pictures and graphics 

Instructional cha:acteristics 

Good definition of purpose 1.71 0.61 ----: ----: ----: 

Program achieved its purpose 2.14 0.54 ----: 

Content presentation clear and logical 2.21 0.90 :----:X---z 
Appropriate graphicslsound colour 1.64 0.63 
Motivational 1.86 0.54 
Effective feedback 2.07 1.00 ----: 

Learner Control ratelsequence of presentation 2.00 1.11 :----X----z 
Cognizante of previous experience 2.07 0.92 ----: 

Continuously interactive 1.93 0.83 
Effective branching 2.07 0.83 
Reinforced positive responses 1.64 0.75 

Technical Characteristics 

Effective information displays 
Ease of use 
Good use of computer capabilities 
Reliability . 

TABLE 3: PEARSON CORRELATION 
COEFFICIENTS AND PROBABILITIES 

BETWEEN MEASURES USED IN 
THE EVALUATION 

tualized, organised and managed. For a single 
researcher or professional to design and 
produce the videodisc materials (for example, 
materials for mastering the disc and the CA1 
program) is undesirable if not improbable. 

Computer 
Awareness 

Keyboard 
Expertise 

Teams of individuals, for example, educational 
technologists, subject area specialists, 
computer programmers, evaluation specialists, 
etc., must interact throughout the design and 
development process. These teams, working 
together, will probably produce a more effec- 
tive, cohesive and polished interactive 
courseware. 

Although Fletcher (1979) maintains that it is 
difficult to develop effective interactive course- 
ware and that there is a critical need for more 
technical instructional developers in this area, 
this project demonstrates that it is possible to 
develop effective interactive courseware pro- 
vided the appropriate interfacing and CA1 
authoring language or programming language 
is judiciously selected. 

Pre-test 
Content Area 

.04 
(.445) 

.33 
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Post-test 
Content Area 

- . l5 
(. 305) 

.25 
(.127) (.189) 



The special attributes of interactive video for 
instructional purposes became apparent when 
the synoptic charts and matching satellite 
images were played in the slow mode. The ani- 
mated motion generated enabled subjects to 
conceptualize the weather phenomena and 
weather patterns in a better perspective. Clark 
(1983) even agrees that the animated motion 
can serve as sufficient conditions to facilitate the 
learning by students. 

Subjects' significant improvement in know- 
ledge of weather forecasting after having 
worked through the instructional materials, - 

their generally positive attitudes towards the 
videodisc system and the courseware, suggest 
that the interactive videodisc is capable of 
meeting an array of levels, styles and paces of 
subjects. 

One important result which emerged from 
the evaluation of the computer-assisted inter- 
active videodisc materials was the apparent 
change of attitude of subjects towards the video- 
disc system. Apparently, subjects found the 
videodisc learning system less complex than 
they originally anticipated. This is an impor- 
tant aspect of instructional design for inter- 
active video; even though the technology is 
complex, with appropriate courseware such 
complexity need not be apparent to the user. 
Instead, the learner should be able to concen- 
trate on the learning task a.nd be unaware of the 
complexities of the medium in use. 
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Using the Computer to Diagnose Students' Difficulties 
with Fractions 

Fong Ho Kheong 

ABSTRACT 

The objectives of the present study are to de- 
velop an automated computer system for 
diagnosis and remediation and to construct a 
conceptual model of remediation in frac- 
tions. The initial stage of the project began 
with the construction of an instrument to 
investigate the subjects' performances in 
addition of fractions. The items were based 
on a set of four objectives in addition of 
fractions. The test was administered to 3000 
subjects who were classified as below average 
in fractions. The test was readministered a 
week later. The responses of the subjects 

Diagnosis and remediation in the teaching of 
mathematics have been seen by many teachers 
as essential for effective teaching. Okey (76) re- 
ported that pupils' achievements tended to go 
up when teachers gave diagnostic tests fre- 
quently. Although the use of diagnosis and re- 
mediation in teaching seems to be encouraging, 
the amount of time required for implementing 
the test and analysing the data to find out the 
actual causes of pupils' errors is tremendous. 
Unless the amount of time required can be 
reduced, teachers will normally be reluctant to 
carry out this strategy to help their pupils. 
Another factor which cannot be ignored is to 
determine the accuracy of diagnosing pupils' 
errors in mathematics. It would obviously be 
futile to conduct remedial classes which are 
mainly based on erroneous diagnosis. In view 
of these problems in teaching mathematics, 
there is a need for mathematics educators to 
consider the use of available technological tools 

were analysed and systematic errors were 
classified. An automated computer system 
for diagnosis and remediation in addition of 
fractions was developed. I t  consisted of three 
subsystems, viz. (a) diagnostic system of 
errors, (b) drill and practice for remediation, 
and (c) automated generation of text 
materials for remediation. To accompapy 
the computer system for diagnosis and re- 
mediation, a conceptual model on remedia- 
tion of addition of fractions was developed 
which was based on the hypothetical re- 
medial activities. 

to help teachers reduce their burden in the 
diagnosis and analysis of data. The topic of 
addition of fractions is here used as an example. 

Review of Literature 

'Diagnosis and remediation' is not something 
new in the mathematics education curriculum. 
However, research using the computer 
(especially the microcomputer) to help in 
diagnosing and remediating pupils with mathe- 
matics difficulties is not numerous. 

Basically, the concept and work done in the 
area of diagnosis are pursued in two directions. 
The first group of mathematics diagnosticians 
concentrated their work on categorising the 
types of errors according to some major classi- 
fications. Robert (1968) classified four error 
categories, viz. wrong operation, obvious com- 
putation error, defective algorithm and 
random response. The work of Engelhardt 
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(1977), Cox (1975) and Knifong (1980) were 
quite close to Robert's work on errors analysis. 
This area of research was found to have two 
limitations. First, researchers tended to 
emphasise written responses from pupils and 
there had been few attempts to analyse pupils' 
difficulties by talking to them. Second, 
emphasis was placed on difficulties related to a 
.type of mathematical task rather than a whole 
range of difficulties which pupils experience. 

Error Patterns in  Computation 

Ashlocks (76) has in its turn given rise to 
another grou.p of mathematics diagnosticians. 
Methods for correcting pupils' errors in com- 
putations were suggested in his book. Brown 
and Burton (1978) constructed a diagnostic 
model of subtraction using a representation 
technique called 'procedural networks'. Using 
this diagnostic model, two computer-based 
systems, BUGGY and DEBUGGY, were de- 
veloped to teach both students and student 
teachers about the strategies for diagnosing 
bugs. Later, Brown and Van Lehn (1981) 
introduced the Repair Theory in an attempt to 
explain how the bugs (systematic errors) were 
acquired by students and how they were held. 
Travis and Carry (1983) and Woerner (1980) 
did similar research work to identify students' 
errors in multiplication and addition of frac- 
tions respectively. Travis and Carry concluded 
in their study that the diagnosis-remediation 
combination was effective for remediating 
students7 errors in multiplication. Woerner con- 
cluded that the use of computer for diagnosis 
was effective when probing for more infor- 
mation. Bright (1984) suggested that future 
computer-based diagnostic systems should in- 
corporate CA1 for remediation. 

Objectives 

(2) develop a computer system for: 
(a) analysing of pupils' erroneous 

algorithms in addition of fractions. 
(b) generating drill and practice questions 

in remediation. 
(c) generating text materials for remedia- 

tion; and 
(3) derive a conceptual model for remediation 

in addition of fractions. 

Methods 

Sample 
The sample for this study consisted of about 
3000 average and below average pupils from 30 
schools in Singapore. They were selected from 
the Primary 5 and 6 of the Normal Stream and 
the Primary 6, 7 and 8 of the Extended Stream 
(pupils take 6 years and 8 years to complete 
the Primary Education in the Normal and 
Extended Streams respectively). 

Instrument 
A diagnostic test on the addition of fractions 
was constructed which was based on the pre- 
determined objectives. The four objectives 
identified for the test were (denominator 5 
12): 
(1) Addition of simple fractions with like deno- 

minators. 
(2) Addition of simple fractions with unlike 

denominators. 
(3) Addition of mixed numbers with like de- 

nominators. 
(4) Addition of mixed numbers with unlike de- 

nominators. 
In each objective identified above, four 

parallel items were used to test the subjects' 
knowledge in the algorithmic skills. This was to 
ensure that the different types of errors were . - 
identified, viz. systematic errors and non- 
systematic errors due. to misreading a question 
or guessing a solution. 

In view of the previous research and suggest- 
ions discussed in the previous paragraphs, a re- 
search project was initiated to investigate Procedure 
further into addition of fractions. The main The above diagnostic test was administered to 
objectives of the research study were to: 

. 
the 3000 subjects. The subjects were retested in 

(1) classify a near-exhaustive set of error the following week. This was to ensure that 
patterns in addition of fractions; systematic errors were identified. According to 
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Brown and Van Lehn (1984), systematic errors 
were made if the same pupils made similar mis- 
takes in both tests. In both tests, no time limit 
was imposed on the subjects. However, they 
were expected to complete the test within a 
reasonable time. They were told to hand in 
their answer papers as soon as they had finished 
their work. Pupils' responses to each item of the 
tests were marked. Incorrect responses were 
carefully analysed to determine the actual error 
pattern of each mistake. Subjects were also 
interviewed when their errors made were 
randomised or they would be asked to think 
aloud on working a similar problem. The 
results obtained in the second test were used to 
check whether the erroneous strategies used by 
the subjects were systematic. 

Results 
One of the main objectives of this study was to 
derive a set of near-exhaustive systematic errors 

from pupils' errors. The results of these syste- 
matic errors were obtained by counter- 
checking the similar errors made in both tests. 
The results showed that not all errors made by 
pupils in both occasions were systematic. In 
categorising the types of errors made by the 
pupils, systematic errors were separated from 
the non-systematic errors. The table below 
summarises the various error patterns identi- 
fied in each objective tested in the topic of 
addition of fractions. 

Computer System for Diagnosis and 
Remediation 

Owing to the nature of the topic on fraction, 
it was not the intention of this study to con- 
struct a procedural network to show a general 
diagnostic model in fractions. However it was 
found that, on the average, about 8 error 
patterns were identified in each objective. 

TABLE 1: PUPILS' ERROR PATTERNS IN ADDITION OF FRACTIONS 

a )  I Objective (l)  : Addition of simple fractions with like denominators 
(d 5 12) 

General , N, N, - Nl + NZ 
Solution . + L 

D D D 

/ Error Patterns I 
(1) Adding numerators and 

denominators correspondingly 

(2 )  Multiplying the numerator 
instead of adding them 

(3) Treating the operator ' + ' 
as 'X' 

(4) Carrying out cross- 
multiplications 

(5) Adding the denominators N, 
instead of the numerators 

D D + D  

(6) Adding the denominators N2 

instead of the numerators 
D D + D  
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General , N1 N., - + 2 - NI", + NZ", 
Solution ' - 

D1 D, DID, 

(b) Objective (2) : Addition of simple fractions with unlike denominators 
(d 5 12) 

(2) Treating the operator ' + ' 
as 'X '  

Error Patterns 

D, "l", 

or simplified form l 

(1) Adding numerators and 
denominators correspondingly 

(3) Carrying out an incomplete 
algorithm 

N I NZ - + =  Nl+ N* 

D, D 2  D1 + D2 

1 (4) Carrying out an incomplete 
algorithm 

1 I When N, f 1 

(5) Adding the denominators - + -  instead of the numerators 

1 

(6) Adding the denominators 
instead of the numerators 

(8) Taking the bigger denominators N2 NI+ NZ 
as the common denominator 

D1 

(7) Treating the operator ' + ' 
as 'X'  

Nl N~ - + - -  N2N2 

D1 D, DID, 

(9) Taking the bigger denominator 
as the common denominator 

N 1 NZ - + =  NI+ NZ - 
D, D 2  D 2  

D,> D, 

(10) Multiplying the denominators 
as LCM but numerators 
remain unchanged 

1 numerators and denominators I I 

N 1 N, - + - -  NI+ NZ 

D1 D, DID? 

(1 1) Multiplying the denominators 
as LCM but the numerator of 
the result equals to the sum of 
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(c) 1 Objective (3) : Addition of mixed numbers with unlike denominators (d L 12) 

General NI NZ 
Solution : W'- + W2- = (W,+W2) 

Nl+ NZ 

D D D 

1 Error Patterns 

1 parts correspondingly 1 I 

1 (1) Adding the whole number parts, 
the numerators and the 
denominators of the fractional 

N I 
W,- 

NZ + W,- = (W1 +W,) (NI + NZ) 

D D ("+D) 

(3) Adding the fractional parts (NI + NZ) 

D 
- 

(2) Adding the whole number 
parts only 

(4) Treating the whole number as 
the ten of the numerator 

+ W W,- 2- N2 = (W,+W,) 
D D 

(5) Multiplying the whole number 
and the numerator 

General NI 
N2 = (W, + W2) + W,- + N2DI) 1 Solution 

D' D2 DID, 

(d) 

1 Error Patterns 1 

Objective (4) : Addition of mixed numbers with unlike denominators (d 5 12) 

(1) Adding the whole number, 
the numerators and the 
denominator correspondingly D, D2 

(2) Adding the whole number and 
/ multiplying the fraction parts 

N2 = (W, + W,)- Nl + W,- W,- 
NlN2 1 

D, D2 DID2 l 
(3) Multiplying the whole 

number, the numerator and 
the fractional parts 
correspondingly 

(4) Taking the bigger denominator 
as the common denominator 
and adding the whole numbers 
and the numerators 
correspondingly 
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(5) Adding the unchanged 
numerators 

(b) = (W, +W,) P 1  + NZ) 

D2 

(IOW, + N I )  + (IOW, + N,) 

DID, 

It was envisaged that teachers would find it 
difficult to memorise all these error patterns. 
Besides, it was also time consuming to analyse 
an individual's error in performing operations 
in fractions and other topics. Hence an auto- 
mated computer system was developed to 
reduce the burden of teachers who would, 
presumably, be reluctant to perform the above 
tasks without such a system. 

The Automated Computer System consisted 

of three subsystems. They were: 
(1) Diagnostic System of Errors in Addition of 

Fractions. 
(2) Drill and Practice for Remediation in 

Fractions. 
(3) Automated Generation of Text Materials 

in Fraction for Remediation. 
The Diagnostic System of Errors in Frac- 

tions was a system that would generate random 
questions which were based on 4 pre- 
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determined objectives. It could also determine 
the subjects' erroneous strategies in performing 
the addition of fractions. The subject was 
expected, if desired, to work out the problem on 
a piece of paper. The answer would be keyed 
into the computer and it would logically analyse 
the subjects's work and the probable cause of 
error would be printed out. The following 
tables show an example of an examinee's per- 
formances printed out from this computer 
system. 

Table 2: Analysis of a Pupil's 
Performance in Fraction 

Objective (3): Addition of mixed numbers 
with like denominators 

Item 1 : 
(a) Time taken : 9 secs 

The Drill and Practice for Remediation is a 
system that generates random questions for 
drill and practice. The system was used to pro- 
vide questions for drill and practice after the 
subjects had undergone remedial lessons con- 
ducted by the remedial teachers. The following 
table shows an example of the printout which 
summarises the examinees' performances after 
the subject had completed his drill and practice 
session. 

The Automated Generation of Text Ma- 
terials in Fractions for Remediation was de- 
signed to generate additional materials for the 
subjects to practise at home. The answers were 
also provided for the subjects to check the 
accuracy of their work. . 

Model for Remediation in Fractions 

(b) Question 3 , 2 1 1  + 2n= 7 4.22 10 An overview of the error patterns made by 
the subjects in this study showed that most of 
the errors made were rudimentary. Brown and 

(c) Error Pattern : Add the whcle numbers, Van Lehn's Repair Theory could be used to 
the numerators and the explain the occurrences of the bugs. The 
denominators examinees tended to apply a simpler strategy to 
correspondingly. work out the algorithmic operation. 

TABLE 3: SUMMARY OF RESULTS 

1 Objective No. Item No. Result Time Taken (sec) I 
Wrong 
Wrong 
Wrong 
Wrong 

Wrong 
Right 

Wrong 
Wrong 

TABLE 4: SUMMARY OF THE PUPIL'S 
PERFORMANCES IN FRACTIONS 

Objective NO. of No. No. % Time 
No. Question Right Wrong Right Taken (sec) 

1 10 5 5 50 12 
2 10 6 -4 60 2 3 
3 10 3 7 30 13 
4 10 2 8 20 43 

Total 40 16 24 40 91 
Average 2 2 
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An analysis of each error pattern was carried 
out and it was found that it had its own error 
identity. On  the basis of its uniqueness, a set of 
hypothetical remedial activities for addition of 
fractions was suggested that would most likely 
alleviate the weaknesses of the subject, Using 
these remedial activities, a conceptual model 
for remediation of addition of fractions was 
constructed as shown in figure 1 on the pre- 
vious page. 

Each remedial activity is placed at one of the 
six levels identified. To help teachers identify 
the exact level of non-achievement, the com- 
puter system could be designed to print out the 
required level for remediation. Using this con- 
ceptual model for remediation of addition of 
fractions, teachers would be able to select a set 
of those remedial activities classified at and 
below the level identified by the computer 
system for carrying out remedial work. For 
example, the computer system could pick out 
the pupil's error and indicate that remedial 
work would be required to cater for Level 3 
(concept of fraction). Hence the set of possible 
remediate activities would then be comprised of 
activities at Level 3 and below. 

Conclusion 

Two important outcomes emerge out of this 
study, viz. development of an automated com- 
puter system for diagnosis and remediation 
activities for addition of fractions. This com- 
puter system and the conceptual framework for 
remediation provide an alternative approach 
for individualising instruction in mathematics. 
It serves as a prototype system tq cater for other 
areas of mathematics in diagnosis and remedia- 
tion . 

This system does not only provide teachers 
with an accurate diagnosis of errors but it also 
helps to reduce the time required to analyse 
examinees' errors. With the remedial in- 
formation printed out, the investigator may 
conduct remedial activities immediately with- 
out wasting much time in looking for remedia- 
tion materials. In the process of using the 
system for diagnosis, the investigator may also 
be able to collect further information on error 
patterns as the set of error patterns identified 

earlier may not be exhaustive. This provides 
additional information for research. 

Two assumptions have been made in this 
study. The hypothetical remedial activities are 
assumed to be effective and exhaustive. ~ u r t h e r  
research should concentrate on verifying the 
remediation model and the accuracy of the 
diagnostic system. 
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Training Teachers to Use Computers for Instruction 
and Administration 

Chen Ai Yen 

ABSTRACT 

This paper presents the rationale behind the tion processing tools and progressively 
reconceptualization of a computer education incorporate knowledge and skills in using 
programme for pre-service and in-service computer assisted learning packages across 
teachers in Singapore. It indicates the new the curriculum and in programming. The 
directions for computer literacy in teacher results of the implementation of the courses 
education. The courses in the programme are also discussed. 
begin with using the computers as informa- 

Phenomenal technological developments in the 
advanced countries in the world pose an 
immense challenge to the island republic of 
Singapore. Being their trading partner, Singa- 
pore has within the past few years embarked on 
a number of high-tech projects to keep pace 
with the "microchip revolution". Since the 
eighties, local private enterprises have pro- 
duced some computer hardware and software 
and the government has established more effec- 
tive communication and information systems 
in Singapore. This undoubtedly has serious 
implications for the education system. 

Technological developments have also a 
ripple effect on people's expectations and the 
employment scene. Parents are nowadays ex- 
pecting computer education for their children. 
Employers are making new demands on the 
new generation ofworkers. School teachers and 
principals are sensing the urgent need to be 
computer literate so that they can better pre- 
pare the children for their studies, future work 
and living in a high-tech society. 

How is Singapore's education system and 
the Institute of Education responding to this 
urgent need and challenge? What is the state- 
of-the-art of computer education in the world 

and in Singapore? What are some of the major 
considerations in planning and implementing a 
computer education programme for teachers 
that attempts to meet the needs and challenges 
of the time? 

State-of-the-Art of Computer Education 

Recent trends in computer education have 
indicated major changes in the concept of 
computer literacy and a decreasing interest in 
programming at the lower level of computer 
learning. The concept of computer literacy has 
changed as societal values and technology have 
changed. The earlier concepts of operational 
literacy, instrumental literacy, and literacy as 
algorithmic reasoning while still in use have 
been found to be not entirely satisfactory (Cul- 
bertson, 1986). The latest proposition is 
literacy as education for altered roles. Noble 
has identified "consumer literacy", "worker 
literacy", and "citizen literacy" as the major 
relevant role-related concepts (Noble, 1984). 

Operational literacy emphasizes knowledge 
about the basic components of hardware and 
software and machine-related skills to make 
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computers work and as such it has too narrow a 
focus. With rapid technological developments, 
teachers and students who are exposed to only 
one machine may have to relearn the opera- 
tional skills every year. 

The instrumental literacy approach uses the 
computer as an instrument for acquiring stipu- 
lated learning or bodies of subject matter. In 
Sweden, for example, teachers coordinated in- 
struction in physics and mathematics using 
computers so that students gained new insights 
into mathematical relationships; some in social 
studies acquired new understanding of 
environmental problems through simulations - 

and others in language arts used computers to 
enhance vocabulary and spelling skills 
(Megarry, et al, 1983). This approach confines 
computers to only teachers who are competent 
in programming or the use of application soft- 
ware to create computer teaching materials. 
The less competent programmers may have 
difficulty in teaching computer literacy. 

Algorithmic reasoning, perhaps the most 
controversial concept of computer literacy, is 
acquired through computer programming. 
Mathematician John Kemeny believes in pro- 
gramming as a means to develop algorithmic 
thinking for solving problems or accomplishing 
a task (Kemeny, 1986). Seymour Papert 
stresses that programming helps to provide 
fundamental insights into mathematical and 
related abstractions (Papert, 1986). These and 
other like-minded computer scientists have 
their followers in many of the developed coun- 
tries. To date, they still adhere to programming 
in BASIC or LOGO as an introduction to 
computers. 

Other educators believe that computer 
literacy should be closely related to current 
technological and social developments. Noble, 
for example, advocates that role-related literacy 
should be more relevant for present day learn- 
ing and teaching. Consumer literacy carries 
two meanings, one linked more to hardware 
and the other more to software. The first 
stresses that individuals should be effective 
acquirers and users of computers and asso- 
ciated hardware or peripherals. The second 
centres upon the " applications7 ' individuals 
will be making "as part of their strategies for 
information retrieval, communication and 

problem solving". They will need to learn, for 
example, how to communicate through elec- 
tronic mail, exchange ideas through computer 
networks, and use shared databases to solve 
problems. Schools, then, should provide 
students with the literacy skills required to 
function in the fast growing microelectronic 
environment. Teachers should therefore 
acquire computer literacy skills that are trans- 
ferable to their students. 

As a result of the changing view on computer 
literacy, from that of an operational to that 
of a consumer-oriented one, the focus of com- 
puter instruction in most parts of the world has 
changed. Alternatives to computer pro- 
gramming courses include the long-term objec- 
tive of integrating computers into the curri- 
culum, and the short term objective of de- 
veloping a computer education curriculum 
based on applications software. 

- - 

To integrate computers into the curriculum 
as a tool, computer application should be taught 
in conjunction with the subject areas. For 
example, word processing should be taught in 
writing as part of the English language and 
literature courses, spreadsheets could be used 
in mathematics, home economics, history, geo- 
graphy and physical education, databases of 
specific information could be used as instruc- 
tional resource in social studies and science 
courses; and graphics packages could be intro- 
duced in art, mathematics or science. Simula- 
tion and games could be integrated into various 
content-appropriate classes - management, 
economics and decision-making situations. 

Recent Studies on Computer Learning 

Some studies on applications-based com- 
puter learning conducted in the United States 
indicated that they seemed to appeal to students 
more than programming courses. For example, 
in a study of 100 seventh-grade students en- 
rolled in a computer literacy course featuring 
word processing and database managers, 
nearly two-thirds (63 %) of the students agreed 
with the statement "I enjoyed working with 
computers" and more than half (56%) dis- 
agreed with the statement "computers are 
boring7' (Lockheed, Gulovsen and Morse, 
1985). 
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Voluntary enrolments in word processing 
classes are also balanced by sex. In the 
American High School and Beyond (HS & B) 
survey, for example, 51 % of students enrolled 
in data processing and applications courses and 
47% of students enrolled in computer literacy 
courses were girls (Rock et al, 1985). In the 
National Assessment of Educational Progress, 
NAEP data, 1985, for all types of computer 
use, no sex differences in course enrolments 
were found for students at any of the three 
grades ofjunior and senior high school assessed 
(Lockheed, 1985a). 

In a study of learning English as a second 
language by multi-racial New York city 
students, Dalgish found that a database was 
very effective for discovering specific errors 
made. Armed with information about error 
types on a database, teachers and students 
could gain more control over discovering error 
types, accessing recurrent problems, and 
obtaining data to specify software development 
(Dalgish, 1987). 

Computer Education in Singapore 

Despite earlier attempts, computer education 
was only introduced fairly extensively to Singa- 
pore schools in 1980. It focused initially on 
teaching computer science as a subject at the 
pre-university level, computer appreciation 
courses at the secondary level and evaluation of 
the effectiveness of computer-assisted instruc- 
tion in primary school mathematics. Most of 
the school computer appreciation programmes 
have, until 1986, concentrated mainly on pro- 
gramming in BASIC and LOGO. 

According to a 1986 Singapore Ministry of 
Education report (Seah et al, 1986), every 
junior college has a computer club with 
membership varying from 60 - 100 students. 
At the secondary level, some 22,000 pupils 
(13.6 %) are involved in computer club activi- 
ties and 505 teachers are in charge of the clubs. 

Facilities for computer learning have also 
been improved. All the 13 Junior Colleges now 
have two computer labs each. One of the labs is 
used for the learning of computer science, the 
other for the teachers and other pupils. By 
1988, there are 21 secondary schools with their 
own computer labs each with at least 20 com- 
puters. Other secondary schools have at least 

three each and could apply for three more. This 
means that more schools will have their own 
computer labs and computer clubs and more 
students will benefit from easy availability and 
accessibility. 

To teach the computer science course at pre- 
university level about 100 teachers were trained 
at the Nanyang University in 1980, while the 
Curriculum Development Institute of Singa- 
pore (CDIS) conducted courses for about 1,100 
teachers in charge of computer clubs in secon- 
dary schools from 1980 to the present. Many of 
them continued as club advisers while others 
have relinquished their responsibilities in the 
computer clubs or have left the teaching service 
(Loh, 1987). 

The Institute of Education(IE), Singapore 
also played its part in training some 500 
teachers for the Computer Appreciation Clubs 
in primary schools from 1981 - 85. From 
1986, IE has adopted a new teacher education 
programme for pre-service students. The Prac- 
ticum Curriculum was introduced and com- 
puter education has become an integral part of 
teacher training. By 1987, all pre-service 
and in-service training at the Institute of - 

Education had included a computer education 
course in the use of computer applications soft- 
ware, and computer-assisted instruction 
courseware. Computer education has'also been 
extended to a wider range of in-service 
teachers. These include teachers training to be 
heads of departments or school principals. In 
1987, a total of about 1,000 pre-service and 
in-service teachers were exposed to some form 
of computer education in the Institute of 
Education. 

IE's Reconceptualised Computer Education 
Programme for Teachers 

Rationale 

In response to the challenges of the Information 
Age and the policies of the Ministry of Educa- 
tion and the developments in schools, the In- 
stitute of Education has reconceptualized its 
computer education programme. Accordingly, 
it has identified new objectives and strategies 
for its implementation. 

Based on research and evaluation findings 
from the advanced countries and recent studies 
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by the World Bank, there is decreasing interest - 

in BASIC programming and increasing 
emphasis on applications software skills. From 
various studies conducted in the past three 
years, courses featuring applications software 
seem to appeal to students more than pro- 
gramming courses do (Ramsden, 1984). 
There are fewer dropouts particularly among 
the girls after some exposure to applications- 
learning (Lockheed & Mandinah, 1986). Com- 
puter educators also argued for the parallel 
cognitive consequences of learning pro- 
gramming and applications software. Many of 
them also advocated appropriate learning 
theory-based software development (Vogeli, 
1987). 

Taking into consideration the past experi- 
ence of the advanced countries like the United 
States, Great Britain and Australia, the IE . 

computer education programme has been re- 
conceptualized to include the following key fea- 
tures: 
( l )  applications-based learning across the 

curriculum 
(2) learning theory-based teaching and soft- 

ware development 
(3) multi-systems approach for delivery and 

networking 

A9plication-based Learning Across the Curriculum 

The emphasis is on the use of applications soft- 
ware like wordprocessors, databases, spread- 
sheets, graphic and statistical packages to pre- 
pare teaching and learning materials in all sub- 
jects. For example, using wordprocessing to 
improve writing in English, or databases for 
storage and access of information and analysis 
of statistics in social studies, or a graphic pack- 
age for mathematics. 

Learning Theory-based Teaching 

The importance of having a sou'nd and reason- 
able theoretical basis for teaching and learning 
with the computer cannot be over-emphasized. 
Psychologists and educators have developed 
and tested a variety of learning theories that 
have provided a reasonably firm scientific basis 
for teaching and learning. However, most of 
the computer-based teaching is a poor imitation 
of classroom practice. For example, few mathe- 
matics and English Language courseware ex- 

hibit any awareness of principles of learning 
beyond Thorndikean stimulus-and-response. 

Awareness and concern with the choice of 
software with a sound learning theory - base 
should be the hallmarks of well-informed 
teachers. The more interactive tutorial pro- 
grammes are usually based on holistic learning 
principles and cognitive learning theories. This 
is specially true in the learning of languages. 
Students are required to answer questions, 
select choices or type information within the 
context of a complete discourse rather than give 
one-word responses to a simple phrase or 
sentence. In doing so, they improve in their 
understanding of a complete discourse and in 
their writing (Sinatra, 1987). 

Multi-system Approach for Delivery and 
Networking 

The ability to use multi-computing systems is 
crucial in the Information Age. Teaching and 
learning with computers should not be confined 
to a single machine or a single system. Instead a 
multi-systems approach is adopted so that all 
trained teachers from IE will be comfortable 
using different software on different machines 
and different databases on different delivery 
and networking systems. 

Based upon the above rationale, every com- 
puter education course conducted by the In- 
stitute of Education seeks to incorporate the 
three features mentioned regardless of student 
type and level of computing ability. This is to 
ensure the fulfilment of IE's computer educa- 
tion objectives. 

Objectives 

From the above'rationale, three key objectives 
were derived for IE's Computer Education 
programme. Robert Taylor's (1980) method of 
organizing the three roles for the computer in 
education is used. These roles are tool, tutor 
and tutee. 

Objective One: All beginning secondary and 
primary teachers and potential heads of depart- 
ments and principals will be trained to use the 
computer as a tool for wordprocessing and 
creating spreadsheets and databases as they are 
related to a course of study. 

Objective Two: Key subject teachers should 
have more knowledge about the computer as a 



complementary means of instruction (as a the subject areas i.e., the incorpora- 
tutor) across the curriculum. Computer tion of the use of the computer as a 
assisted learning programmes will assume a tutee. 
tutoring function for abstract and difficult con- 
cepts. Key sub.ject teachers should be able to Current IE Computer Education Courses 

on their skills to other teachers in schools. With the adoption of the rationale mentioned, 
Objective Three: Specially trained subject every computer course conducted by the In- 

teachers should be trained to use the computers stitute of Education has, as far as it is possible, 
to improve pupils' reasoning skills through pro- incorporated the three features. This is to en- 
gramming, or by creating computer-assisted sure that teachers are not only familiar with the 
learning programmes. In doing so, the students use of computers, and the users and producers 
teach the computer (tutee) to create useful pro- of this technology, but they are also able to 
gramme and learn something as well - a pro- educate pupils who reflect the same awareness 
gramming language and systems analysis. and understanding of the symbiotic partnership 

Levels of Computer Education 

To achieve the above objectives, IE's computer 
education programme has been conceived at 
three levels of training. These levels of training 
apply both to pre-service and in-service teacher 
education. 
Level l - Basic knowledge of parts of a com- 

puter and its peripherals and their 
respective functions. 

- Basic understanding of networking 
systems and knowledge of what is 
available and suitable for use in and 
outside the classroom. 

- Computer as a tool for wordpro- 
cessing, data processing, record- 
keeping, graphic design for pre- 
paration of teaching materials, for 
assessment and administration. 

Level 2 - Exposure to a variety of computer 
assisted learning (CAL) pro- 
grammes that make use of the com- - 

puter in the tutor mode in selected 
subject areas. 

- Evaluation, selection, and utiliza- 
tion of CAL programmes for sub- 
ject teaching. 

- Using application software to inte- 
grate or create materials for subject 
teaching. 

Level 3 - Learning computer languages, pro- 
gramming languages such as 
BASIC, LOGO, and C-  
LANGUAGE, and authoring lan- 
guages like SUPERPILOT to a 
level of competence that will enable 
one to create CAL programmes in 

of man and computer 

To ensure that the individual needs of the 
teachers are met, a three-level computer educa- 
tion programme with different kinds of courses 
has been proposed. The first level focuses on 
using the computer and computer software as a 
tool. In role-related terms, the user is a con- 
sumer, a worker or a citizen using computers to 
access, retrieve, communicate and store 
information. The second level looks at the tutor 
mode. The computer is used as an instrument 
to acquire knowledge and skills in specific 
subject areas or as a tutor to supplement 
teaching. Selection, evaluation and utilization 
of the available courseware are of great con- 
cern. The third level incorporates the tutee 
mode of the computer, that is programming 
and research related to computer education. 

An example of the Level I course is the 30 
hour pre-service Information Technology- in 
Education (ITE) course for all Diploma in 
Education (Dip Ed) and Certificate in Educa- 
tion (Cert Ed) students. The student teachers 
are expected to acquire skills to operate and use 
the computer and a local area network for all 
subjects across the curriculum. They are ex- 
pected also to learn to use applications software 
packages to dd wordprocessing, create tables, 
graphs and charts, and databases for informa- 
tion storage. They also enjoy some hands-on 
experience in using the computer as a tutor 
when they try out and evaluate courseware in 
different subject areas on different machines, 
e.g. IBM JX, IBM PC, I.Apple 2E, Acorn- 
BBC computers. Though most of the pro- 
grammes are of the tutorial types, students are 
asked to examine how they can be integrated 
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and used in their lessons in the subject areas of 
specialization. 

Results from a study evaluating the com- 
puter knowledge of Dip Ed students after 
taking the course (1986187) shows that all the 
376 students passed the course after mastering 
the required skills in wordprocessing, spread- 
sheet, database management and LOGO 
graphics. In a post-course questionnaire, 75 % 
of them agreed that wordprocessing was impor- 
tant to themselves. 81 % of the Dip. Ed. 
students indicated that spreadsheets and data- 
bases were useful for their own personal 
management. Consistently, the ,math and 
science students indicated that computer 
applications were more important or useful to 
them than the arts and social science students 
(Koh & Harper, 1987). This disciplinary dif- 
ference was more marked than gender dif- 
ference as male students in the 1986187 batch 
made up only 18.4% of the total population. 

The Level 1 courses for potential heads of 
departments and principals have a different 
emphasis. In the Information Technology for 
Educational Management (ITEM) course, the 
participants are exposed to at least two impor- 
tant applications tools - a wordprocessor and a 
spreadsheet, and a range of computer-assisted 
learning packages across the curriculum. The 
participants of the Further Professional 
Diploma in Education (FPDE) and Further 
Professional Certificate in Education (FPCE) 
programmes, and the Diploma in Educational 
Administration (DEA) programmes for 
secondary and primary schools, are also 
exposed to the School Link project of the 
Ministry of Education. School Link is a com- 
puter network linking microcomputers in 
schools to a central computer system at head- 
quarters. It has made available seven applica- 
tion systems for the schools. These include 
pupil management system, office system, ques- 
tion bank system, time-tabling system, fi- 
nancial system, library system and inventory 
system. Through the various components of the 
course, the participants learn not only to use the 
computer as tool and tutor but to manage com- 
puters and computer systems for administra- 
tive purposes. 

At Level 2 ,  the first such example is the In- 
novating An Educational Computing Project 
in School course for in-service teachers. It aims 

at exposing the participants to a range of 
applications software that can be used to create 
instructional materials in various curricula 
areas and computer-assisted learning pro- 
grammes that have been developed on a firm 
pedagogical basis. These include individually 
and commercially produced programmes as 
well as locally created information and educa- 
tion databases such as the School and Home 
Interactive Network Exchange (SHINE) of the 
Singapore Press Holdings. The participants 
also created their own programmes by using 
software packages (e.g. a word-processor and a 
spreadsheet) andlor a language (BASIC or 
LOGO). 

As a requirement of the course, the par- 
ticipants shared their knowledge and skills with 
the teaching faculty in schools by applying the 
most workable diffusion of innovation 
principles in conducting school-based work- 
shops for their colleagues. Of the two par- 
ticipating schools in 1987, one-third of the 
entire teaching population learned word 
processing and more than half were exposed to 
a variety of computer-assisted instruction pack- 
ages. One school was exposed to the SHINE 
database. In fact, the participating school 
principal himself designed two math pro- 
grammes for SHINE. Other teachers in the - 
school have also indicated an interest in de- 
signing programmes that explain difficult 
concepts with the assistance of SHINE. 

Level 3 computer education courses are 
normally embedded within the subject teaching 
methodology courses. For example, Mathe- 
matics, Physics, Chemistry, Biology and Geo- 
graphy students are using the computer to pro- 
gramme instructional units as part of their 
Curricular Subject Option (CSO) courses. In 
these instances, the computer is used as a tutee. 
A number of programming and authoring lan- 
guages are used. These include BASIC, 
LOGO, PROLOG, and SUPERPILOT. The 
student teachers are able to do so because they 
have learned these programming or authoring 
languages in the universities before joining the 
Institute of Education. 

Future Directions 

In view of the high-tech contexts of Singapore 
and her trading partners, schools and teachers 
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will not only be demonstrating their reliance 
upon computers and computer systems to im- 
prove the quality of administration and instruc- 
tion, they will also have to prove their efficiency 
in employing high-tech resources and the 
growing number of information databases. 
There is also an expectation for the "computer 
experts" in schools to become the nurturers of 
computer talents and producers of pedago- 
gically sound prototypic learning and teaching 
materials that can be shared among students of 
different learning ability. 

The Institute of Education, being the one 
and only teacher education institution in Singa- 
pore, has to play an increasing leadership role 
in developing training programmes that will 
prepare teachers and school administrators for 
future high technology generations. The com- 
puter education plan described is only the 
beginning of a more comprehensive teacher 
education programme in the use of computers. 
There is provision for further development and 
expansion in line with the technological and 
social developments in the future. 
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RESEARCH REPORT 

Functional Objectives in Language Learning Project: 
An Interim Report 

Ho Wah Kam 

The purpose of the Functional Objectives in 
Language Learning Project (FOLL) is two- 
fold: 

to identify what may be called "functional 
objectives" in language learniilg (in English, 
Chinese, Malay and Tarnil) at three grade 
levels, viz. Primary 6 Normal (PGN), Secon- 
dary 4 Normal (S4N) and Secondary 4 
Express (S4E), and 
to determine empirically how realistic or 
attainable these objectives are for pupils at 
each of the three grade levels. 
For the empirical part of the study, the func- 

tional objectives identified from existing lan- 
guage syllabuses were turned into language 
tasks or test items. Information was sought on 
what pupils could do to indicate ability on a skill 
of particular interest to us. The language tasks 
in Phase One, for instance, were largely related 
to the communicative demands in a school. In 
other words, recognition has been given to the 
conventions that characterise the type of lan- 
guage demands associated with tasks in a school 
classroom. As in the National Assessment of 
~ducational Progress (NAEP) Project1 carried 
out in the United States (US), it will be possible 
to estimate the percentage of pupils (at any of 

l The NAEP study was first conceived by ~ r o f  ~ a l p h  W. Tyler, now Direc- 
tor Emeritus, Center for Advanced Study in the Behavioural Sciences, 
Stanford, California when as a founder director of the same centre, he was 
asked in 1963 by the then US Commissioner of Education, Mr  Francis 
Keppel, "to prepare a memorandum outJiining procedures by which 
necessary information might be periodically collected to furnish a basis for 
public discussion and broader understanding of our [US] educational 
progress and problems" (Ralph W. Tyler). Since 1969, NAEP has 
collected data in 10 subject areas from samples of pupils, 9-year-olds, 
13-year-olds and 17-year-olds, across the US and reported its findings to 
the nation. 

the three grade levels) who are able to perform a 
particular task acceptably. 

Four Phases of FOLL 

Because of the large number of objectives that 
can be teased out from each language syllabus, 
and also for practical reasons, it was decided 
that there should be four phases of testing 
(instead of an all-embracing one-off attempt), 
with each phase designed to test a reasonable 
number of objectives taken from all four lan- 
guage skill areas, i.e. reading, listening, writing 
and speaking. See Fig. 1. 

Figure 1 : Four  Phases o f F O L L .  
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To understand the purpose behind this pro- not pupils can achieve certain objectives of 
ject, it should be made clear that the project learning. What are these objectives? Please see 
team is not really concerned with total scores as Table 1 for the objectives identified for the first 
such, as in an examination, but with whether or phase of FOLL. 

TABLE 1. OBJECTIVES IDENTIFIED FOR THE FIRST PHASE OF THE PROJECT 

Skill Area 

Reading Comprehension 

ObjectivesISkills 

1. Ability to identify the main ideas in narrative texts. 

(Understanding news reports appearing 
in newspapers and comprehending 

1 narrative texts) 

1 1 3.  Ability to carry out instructions. I 

2. Ability to deduce the meanings of words in context. 

3. Ability to identify key words, concepts and supporting 
details in narrative texts. 

Listening Comprehension (Listening and 
carrying out instructions) 

(Listening and taking down a telephone 
message) 

4. Ability to identify inferences in narrative texts. 

1. Ability to show knowledge of spatial positions. 

2. Ability to provide relevant information. 

1. Ability to identify the person for whom the message is 
intended. 

2.  Ability to identify the speaker. 

3. Ability to identify the workplace of the speaker. 

4.  Ability to take down the message accurately. 

Writing 

(Form-filling and narrative writing) 

1. Ability to answer questions clearly in an interview. 

2. Ability to answer with accuracy (pronunciation, stress). 

3. Ability to answer with grammatical accuracy. 

4. Ability to answer with fluency. 

5. Ability to answer with appropriacy. 

6 .  Ability to use a range of vocabulary and expression. 

7. Ability to use elaboration in answers. 

I 1. Ability to fill a form requiring personal information. 

( 2. Ability to write a narrative composition. 

1 3. Ability to write accurately and correctly. 

4. Ability to write adequately, giving a fair number of 
points to make the composition reasonably substantial. 

5. Ability to treat the stimulus material given in a fresh 
and original manner. 

1 6 .  Ability to write a clear introduction 

7. Ability to write a neat conclusion. 

8. Ability to write well-connected paragraphs. 
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The English Language Test and Results long as the message is not too complex, contains 

In developing the English Language test based 
on the objectives (see Table l) ,  for instance, the 
team had to decide on the type of stimulus 
material to use (in the four sub-tests) during 
this early phase. The team selected four news 
reports (narrative texts) from a local newspaper 
for Phase One and tested the comprehension of 
these four passages. O n  each passage, a 
number of objective-type, multiple-choice 
questions were asked. What were the findings 
from the reading comprehension sub-test? 
Although the results are best regarded as pre- 
liminary and tentative (a necessary note of 
caution at this phase of the project), several 
trends in the reading comprehension data are 
evident. For example, an analysis of the data 
indicated that in respect of the four comprehen- 
sion objectives tested, there was a strong 
tendency for the S4N results to be superior to 
the P6N results and the S4E results to be 
superior to those of S4N. Differences between 
group means were found to be quite substantial 
for all objectives except for "Ability to deduce 
the meanings of words in context", the results 
of which, though not substantial between 
groups, followed the trend mentioned above. 
In brief, then, the three objectives, "Ability to 
identify the main ideas in narrative texts", 
"Ability to identify key words, concepts and 
supporting details in narrative texts", and 
"Ability to identify inferences in narrative 
texts" should be achievable for most of the S4E 
and S4N pupils in this sample and for a slight 
majority (about 5540%) of the P6N pupils. 
However, the objective "Ability to deduce the 
meanings of words in context" was a difficult 
one for most P6N and S4N pupils and for about 
half of the present sample of S4E pupils. The 
eight items for this objective dealt with different 
dimensions of vocabulary knowledge. On  the 
whole, then, this would mean that the broad 
objectives of comprehending news reports 
(narrative texts) ~ublished in a local newspaper 
are achievable for most pupils at the S4E level, 
for the majority of S4N pupils and for the better 
or above average P6N pupils. 

The data of the listening, speaking and com- 
position sub-tests were also analysed. Briefly, 
in listening the ability to take down a telephone 
message appears to be a realistic objective, as 

reasonable repetition and is spoken at a rela- 
tively slow pace. In one test, the team used a 
native-speaker of English to give the message 
on the phone. Pupils generally found that 
message difficult but it could well be the result 
of the complexity of the message and not 
because of a different accent of the speaker. In 
the oral test, there was an interview and then a 
conversation based on a picture. All pupils 
generally gave appropriate answers to ques- 
tions, although some P6N pupils had difficulty 
understanding the questions asked. As 
expected, more P6N pupils received lower 
ratings for fluency (44%), range of vocabulary 
and expression (62 %), and use of elaboration 
(44%) than S4N or S4E pupils. An interesting 
feature of these results is that the better S4N 
pupils performed as well as and sometimes even 
better than some S4E pupils, judging from the 
global scores and from the scores for separate 
factors, like fluency and accuracy. The team 
also found that 66 % of the P6N pupils and 61 % 
of the S4N pupils had experienced difficulty in 
writing a narrative composition according to 
given criteria. The team looked for factors like 
originality and grammatical accuracy. There 
was a distinct lack of originality or freshness of 
approach and grammatical accuracy in the 
compositions written by a substantial number 
of P6N and S4N pupils. 

The Test in Chinese 

From the results of the Chinese Language test, 
it would appear that the pupils from the three 
grade levels were quite weak in listening com- 
prehension, while on the other hand the same 
pupils found the reading comprehension items 
rather easy, although on the whole the S4E 
pupils did much better, as expected, than the 
P6N or S4N pupils. Among the tasks (items) in 
reading comprehension, pupils of all three 
grade levels found this objective most manage- 
able: "Ability to identify the main ideas in 
narrative tests". All pupils did equally well on 
the oral test but much code-switching (between 
English and Chinese) was evident. In addition, 
P6N pupils were generally less able than the 
other two groups in fully achieving this objec- 
tive: "Ability to use a range of vocabulary and 
expression". Even the S4E and S4N pupils had 
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difficulty expressing in Mandarin such terms as 
6 '  saw" (a tool), "overhead bridge" and "road 
partition". In the writing test, there was much 
bunching of scores at the midpoint (3) on a 
5-point scale, which meant that most of the 
pupils could write acceptably well but their 
main weakness was in a lack of variety in their 
vocabulary, which made their writing appear 
less precise and accurate than it should be. 
Some grammatical errors were noted in their 
writing, but these were not serious enough to 
affect communication. In terms of the amount 
of writing produced in each composition, most 
of the pupils managed to write a minimum of 
150 Chinese characters under classroom condi- 
tions. 

Concluding Remarks 

As part of the data analysis strategy, in addition 
to using simple percentages as indicators of the 

extent to which an objective has been achieved, 
we also used the ~ a s c h  analysis to check on the 
relative difficulty of the tasks (and thus the 
objectives) for each group of pupils. It is 
claimed that the Rasch model, a latent trait 
model, by placing item difficulty and person 
ability on a common metric, produces a degree 
of measurement precision not attained in con- 
ventional measurement methodology. 

As pointed out earlier, the findings drawn 
from the data collected in this phase of the pro- 
ject can only be regarded as tentative and 
should therefore be interpreted with caution. 
The sample size (n = 430 for English, n = 401 
for Chinese) was adequate for Phase One of the 
project, but it should not be regarded as a re2 
presentative sample. 

Data collection for Phase Two (in both 
English and Chinese) was completed in 
November last year. Work has started on the 
Malay and Tamil versions of the project. 
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DISSERTATION ABSTRACTS 

An Investigation of the Science Process Skills in the 
Intended and Implemented PSP (Primary Science 
Project) of Singapore * 

Jane Singham 

This study investigated the science process 
skills in the intended and implemented Primary 
Science Project (PSP) of Singapore. The 
science process skills were the focus of the 
investigation since the national primary science 
syllabus set out as one of its four aims the need 
for schools to help each pupil to acquire the 
ability to use the science process skills. An 
eclectic evaluation methodology was adopted, 
collecting and using both qualitative and 
quantitative data. 

The study does not claim to have worked in a 
judgement-free context; it is recognised that 
information presented cannot be considered to 
be 'objective'. Inevitably the selection of what 
data to collect, the method of analysis and its re- 
porting, have been based on the researcher's 
own values and possible biases. In particular, 
though focusing on the process-based elements 
of the project, it has ignored its contribution to 
the aspects of learning and the interaction of 
processes and content. The study used a syste- 
matic classroom observation schedule coupled 
with observer notes of the lesson, teacher inter- 
views which partly included the use of a video- 
tape of children working with process skills as a 
focus and a teacher questionnaire to ascertain 
teacher priorities in science teaching. 

The findings showed that teachers perceive 
the objectives of PSP as a "hands-on" activity 
orientated project. To this extent classrooms 
have moved from chalk and talk experiences of 
the past to one where children are involved in 
science activities. This is an important achieve- 
ment. 

Ph. D. thesis, University of Liverpool, 1988 

The findings also showed that in most class- 
rooms, only a sub-set of science process skills is 
being provided for to any extent in classroom 
practice. The findings tend to indicate that 
there is no significant variation in the experi- 
ence of the process skills by pupils across 
classlage levels (P4, P5, and P6). Hence the ' 

notion of a hierarchy existing with the higher 
classlage levels using more of the "integrated 
skills" as PSP states was not substantiated in 
this study. 

Teachers appear to be working closely with 
PSP materials giving overall the same relative 
emphasis to different process skills as intended 
in PSP. However, they are not varying the 
emphasis on different skills from lesson to 
lesson in accordance with the demand of the 
content of the activity. They tend to have a set 
approach and are not varying their teaching ap- 
proaches with regard to the encouragement of 
process skills. 

The centralised national science syllabus and 
the pressures of preparing pupils for an 
examination-orientated system appear to be a 
major constraint on primary science teachers. 
To the extent these teachers perceive the 
examination to be content-orientated, it will 
continue to be a constraint on teachers and will 
raise doubts as to whether there will be a greater 
opportunity for pupils to work more with pro- 
cess skills. 

Teachers continue to be very dependent on 
the teacher's guide. However teachers need to - 

work with materials that are not highly pre- 
scriptive if they wish to use practical work to 
make children think. 



Finally the study has shown that Singapore their ideas when the opportunity is provided for 
children are capable of using the process skills, them. This suggests a tendency to under- 
and more importantly, that they can be estimate the capabilities of the children. 
analytical, critical and able to communicate 
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Learning Styles of Secondary Two Students in 
Singapore * 

Yeap Lay Leng 

Education has always been concerned with the 
individual differences of students. More 
recently interests have been focused on learn- 
ing styles, including hemisphericity, as another 
dimension of individual differences. Learning 
styles refer to the five domains, namely 
environmental, physical, emotional, soci- 
ological, and psychological under which an in- , 
dividual is most likely to learn, remember, 
achieve, and process information. 

The high attrition rates, the great concern to 
fully develop any special talents in an indivi- 
dual, the need to find out why some students 
are not progressing, and the need to help 
students stretch to the limits of their academic 
abilities are some of the reasons that prompted 
the undertaking of this research. 

The study sought to find out the learning 
styles of 284 Secondary Two students in the 
Normal, Express, and Special Courses. The 
students were placed into the three respective 
achievement groups according to their results 
in the Primary Six Leaving Examination. The 
study was also to determine which categories of 
learning style characteristics distinguished the 
learning styles of the different groups. 

The students' responses to the environ- 
mental, physical, sociological, and emotional 
stimuli were measured by the Learning Style 
Inventory (Dunn, Dunn, and Price, 1985). 
The psychological stimuli in terms of hemi- 
sphericity were measured by the Cognitive 
Literality Battery (Gordon, 1986). The De- 
mographic Data Inventory (Yeap, 1986) was 

Ph D chests, Unlvers~ty of P~ttsburgh. 1988 

administered to identify the commonalities and 
differences among the students.' 

Six of the 22 areas of the learning style - 

elements measured by the Learning Style In- 
ventory were found to be significantly different 
between any two achievement groups. The 
elements were noise level, light, motivation, 
learning alonelpeer oriented, learning in 
several ways, and visual. The students' overall 
performances in the Cognitive Laterality 
Battery, their cognitive profiles, and their per- 
formances of the left and right brain dominant 
tasks were also found to be significantly dif- 
ferent among the three achievement groups. 
There was also interaction between the brain 
lateralization tests and the achievement groups. 

The study on the 284 fourteen-year old 
Singapore students related to the five domains 
of learning styles identified: 
(a) a core of learning preferences that can 

positively and negatively affect the 
students' academic achievement; 

(b) the psychological domain in terms of 
cerebral dominance as the one domain of 
learning style that distinctly distinguished 
the low, average, and high achievers. 

The overall implication of the research is to 
direct teachers, teacher trainees, and teacher 
educators to a 'new look' at another dimension 
of individual differences, individualized in- 
struction, and at classroom activities in the 
light of individual student's learning char- 
acteristics, learning style preferences, and 
cerebral dominance. 
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A Study of the Effects of Academic and Demographic 
Characteristics of Singapore Secondary School 
Students on their Listening Ability in Mandarin as a 
Second Language 

Ho Soo Guang 

This study investigated the following, using 
the empirical studies approach: the correlation 
between the listening ability achievement in 
Mandarin as a Second Language of Singapore 
Secondary One pupils and various factors, viz, 
pupils' intellectual ability, academic achieve- 
ment and personal background. It also investi- 
gated the variables that can help to predict 
explain and the pupils' listening compre- 
hension achievement, so as to serve as future 
reference for those involved in education, 
particularly in the teaching of C L2. 

The subjects studied were Secondary One 
pupils of both sexes. The two-stage sampling 
method was used to randomly pick six schools . - 
consisting of three special schools and three 
ordinary schools. From these six schools 100 
Special stream pupils, 99 Express stream pupils 
and 95 Normal stream pupils were selected 
from different courses for the survey and 
testing. There were equal numbers of boys and 
girls. The data collected were analysed using 
mainly the Pearson Correlation Coefficient 
analysis method and multiple regression 
analysis. 

The main conclusions drawn from the 
analysis and study of the data obtained are as 
follows. 
(1) Variables such as "intellectual ability" and 

"academic achievement" have a signi- 
ficant positive correlation with listening 
ability achievement (p < .001) and correla- 
tion coefficient is from .39 to .65. Of these 
variables, it was found that academic 

achievement has the highest correlation 
with listening ability achievement while 
intellectual ability has the lowest. 

(2) "Father's educational medium7' and 
"Mother's educational medium" have a 
significant positive correlation with listen- 
ing ability achievement (p < .OO l and 
r = .3 1 and r = .25 respectively). The 
family's socio-economic status has a signi- 
ficant negative correlation with the pupils' 
listening ability achievement (p < .OO 1, 
r . 2 1 ) .  The reason being that the 
parents' educational medium often has a 
bearing on the family's socio-economic 
status and language used in the home, 
which in turn affect the pupils' listening 
comprehension ability. 

(3) The language used at home is closely 
related to the pupil's listening ability 
achievement. Pupils whose most frequently 
used language is Mandarin showed the 
highest achievement in listening ability, 
those using dialets were the next best, while 
the ones using English showed the lowest 
achievement. They all showed a significant 
difference (p < .05). 

(4) "Sex7' and "language of television (TV) 
programmes watched" showed a signi- 
ficant positive correlation with listening 
ability. Girls did better than boys, with a 
significant different (p < .01). The "sex!' 
variable is independent of the "intellectual 
ability" variable, with no significant dif- 
ference. 

66 - SINGAPORE JOURNAL OF EDUCATION 



(5) The variables, "type of residence", "re- 
sidential area", "second most frequently 
used language' ' , "family size", position in 
the family", "number of T V  hours 
watched" and "type of T V  programmes 
watched" showed no correlation with 
listening ability achievement. No signi- 
ficant difference was established by the 
study. 

(6) There are seven variables which can help 
explain and predict the pupils' listening 

ability achievement. Together they can 
explain a total variance of 55.44 % , with a 
significant difference (p < .001). Among 
them "academic achievement" alone can 
explain 42.38 % , forming the dominating 
factor. Next comes "language of TV 
programmes watched" which explains 
6.72%. The other five' variables - 
" sex", "father's educational medium" 
and "achievement in Mathematics" - 
together can explain only 8.38%. 
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Linguistic Difficulties Encountered by Secondary 
Four Tamil Students in their Tamil Compositions* 

Ramiah K. 

ABST 

The objective of this exploratory study was to 
identify the various linguistic difficulties en- 
countered by Secondary Four Tamil students 
in the writing of their Tamil Compositions. 
Errors made in such linguistic components as - 

phonology, morphology, morphophonemics, 
syntax, semantics, graphemics and vocabulary 
were considered manifestations of linguistic 
difficulties and were investigated. Influence 
from spoken Tamil and interference from first 
language English, Malay and Malayalam were 
also looked into. The students were given three - 
compositions to write for three consecutive 
weeks and their errors were analysed. The 
rationale for giving three compositions was to 
minimise any avoidance strategy that the 
students might employ. 

The sample for this study was 180 Secondary 
Four Express stream students from all the nine 
Tamil Secondary Centres spread throughout 
Singapore. This sample was not only re- 
presentative of a cross-section of the Tamil 
students in secondary schools but also repre- 
sented about one third of the total Secondary 
Four Express Tamil student population in 
Singapore. 

Analysis of data revealed that 17,158 errors 
were made out of 108,000 words written which 
meant that 15.88 errors were made for every 
100 words. This included both interference and 
non-interference errors. 

The non-interference or developmental 
errors were dominant, 96.18%, while the 
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interference errors were insignificant with 
3.82 %. Thus the writer's hypothesis that most 
of the errors were made because of difficulties 
within the target language rather than inter- 
ference from other languages appeared to be 
proven. Of the developmental errors (non- 
interference errors) 37.1% were morpho- 
phonemic errors, 23.67 % phonological errors, 
10.52 % graphemic errors, 7.88 % vocabulary 
errors, 7.13 % syntactic errors, 6.69% 
morphological errors, 2.05 % errors due to in- 
fluence of the spoken language and 1.14% 
semantic errors. Of the interference errors, 
3.41 % were English interference errors, 0.26 % 
Malay interference errors and 0.15 % 
Malayalam interference errors. 

The writing abilities of the students ranged 
very widely. Although they were in the same 
Express stream their proficiency in Tamil 
varied. There were students who were very 
proficient in Tamil but a number of them were 
still making many errors. 

A remedial programme was proposed on the 
basis of the findings. From the pedagogical 
point of view, a guided writing programme 
appeared to be most useful. Different ap- 
proaches to error correction giving more 
emphasis on self-correction and peer correction 
were also suggested. 

Data analysed in this study will help curri- 
culum developers and textbook writers to 
review and improve the syllabus and textbooks, 
bearing in mind the various categories of error 
identified in this exploratory study. 
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BOOK REVIEWS 

Singapore Teachers' Union (STU) Report on a Study 
on Factors Contributing to High Teacher Motivation 
and Morale in Singapore Primary Schools, 1988 

Reviewed by Agnes Chang Shook Cheong, Institute of Education 

The study starts on a promising note with an 
indication of encouraging results from its title 
"High Teacher Motivation and Morale in 
Singapore Primary Schools". It is indeed reas- 
suring to know that our primary teachers who 
are entrusted with the vital task of nurturing 
our impressionable young citizens are highly 
motivated and have high morale. 

It is not uncommon for us to hear rumbles of 
dissatisfaction from some jaded teachers now 
and then. This may give rise to the miscon- 
ception by the general public that our primary 
teachers are unhappy with their lot. Hence this 
study is a timely document to squelch any spe- 
culations about the working conditions in the 
primary schools and assuage the fears and 
concerns of parents and would-be primary 
teachers. 

The research design was fairly rigorous, with 
participants drawn from 90 out of 222 primary 
schools. It is interesting to note the choice of 
two samples for the survey. Sample A com- 
prised of teachers identified by their principals 
as having high morale and Sample B of ran- 
domly selected teachers. With a total of 523 
subjects in the two samples, the small number 
(21) of teachers interviewed was a surprise. 
Nevertheless, the importance of having qualita- 
tive support from interviews is given due re- 
cognition. 

The items in the Questionnaire reflect cogni- 
zance of the thorough research into the morale 
factors. The overall analysis is meticulous and 
the discussion tight and searching. The findings 
are neatly delineated into different chapters 
based on the selected morale factors - personal 
beliefs and attitudes, school principal, the 

human and social environment, workload and 
bureaucracy, school facilities and physical 
environment, and teacher status and salary. 
Though the study is a serious piece of research, 
the writing is by no means esoteric and tech- 
nical. The deceptively simple but graphic pre- 
sentation of the data speaks of careful con- 
sideration given to the readership. It is a very 
readable document. 

The teachers from both samples (A and B) 
gave affirmative responses to the questions in 
the Questionnaire. As predicated, the teachers 
who have been identified as having high morale 
were found to display more positive attitudes 
towards their work, school, superiors, pupils 
and colleagues. There was also a demonstration 
of confidence by these teachers in decision- 
making on school matters and in voicing their 
views to their seniors. 

Though the respondents expressed concern 
over the burden of non-teaching chores such as 
ECAs, fee collection and paper work, most - - 
of them were able to cope with their work- 
load. Good interpersonal relationship within 
a school outweighed the importance of school 
physical environment in boosting teachers' 
morale. The teachers deplored vehemently the 
practice of using a "spy system'' by some prin- 
cipals to keep tab on staff activities and be- 
haviour. 

A few key questions have emerged from the 
findings and answers should be found for them. 
They are: 
1. Do some principals have the tendency to 

palm off extra duties on those who are com- 
petent, willing or uncomplaining? If so, 
why? Is it to tapldevelop the potentials of the 
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.younger teachers or to pacify the more 
senior teachers? Will this practice erode the 
morale of the more promising teachers? 

2. There was some expressed unhappiness by 
older teachers over the appointment of 
young principals and vice-principals in their 
schools. What can be done to bridge the 
L L generation gap" in these schools? 

3.  A number of able teachers have shown 
reluctance in accepting a higher position of 
responsibility. Reasons given included 
dislike for administrative work, family com- 
mitments, loss of school holiday and stress. 
A basic question asked here is: Does a good 
classroom teacher necessarily make a good 
administrator? Does a teacher really handle 
less responsibilities than a principal or a 
vice-principal? Some of the reasons cited do 
not seem to be insurmountable obstacles. 
Maybe solutions can be found to resolve 
their problems and more able teachers will 

be prepared to come forward to assume the 
positions of vice-principal and head of 
department. Though the lack of financial 
incentives was not considered a deciding 
factor by many respondents, a person's 
salary is nevertheless perceived as indicative 
of a person's status and success. Will a 
monetary incentive scheme attract more 
people to accept higher positions of res- 
ponsibility? 

The study has attempted to answer two ques- 
tions through its data arialysis. The first ques- 
tion posed on high morale factors is fully an- 
swered in the study. The second question on 
"Can we create these conditions in our schools 
so as to increase the number of teachers with 
high motivation and morale," is seeking for 
respondents from among the teachers, prin- 
cipals and educationist reading this study. 
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Singapore Teachers' Union (STU) Survey on the 
Writing and Use of Specific Instructional Objectives 

Reviewed by Peter Y H Koh, Institute of Education 

Teaching is a complex process. Among other 
things, a teacher has to contend with needs and 
characteristics of students, subject content and 
instructional materials in a teaching-learning 
situation. 

Teachers are generally agreed that to teach 
effectively, they have to plan their lessons. 
There are many approaches towards achieving 
this goal. However, a common feature that 
runs through all these approaches centre on the 
necessity for developing clear goals or objec- 
tives. More importantly, these goals or objec- 
tives must be student oriented as it would be 
difficult to gauge the effectiveness of the lesson; 
i.e. whether students have learnt what they 
were supposed to learn in the first place. 

Mager (1962), Popham & Baker (1970) and 
Gronlund (1970) were among the early pro- 
ponents of writing instructional objectives for 
teaching and learning situations. MacDonald- 
Ross (1973) and Stenhouse (1970) were among 
those who argued against the use of instruc- 
tional objectives. Davies (1976, p 77), states: 
"Objectives obviously have both advantages 
and disadvantages . . . The case against them 
is a strong one . . . The case for objectives is 
also strong." He also stated that the case 
against objectives is not an argument against 
using them. 

It is stated in the summary conclusions of the 
Survey on t h  writing and use o f  Spec@ Instruc- 
tional Objectives, (SIO) Singapore Teachers' 
Union, [STU] (1987, p 19) that while teachers 
recognise the importance of specific instructional 
objectives for teaching and testing purposes, 
they do not perceive them as worthwhile. 

Since the early seventies, the insistence on 

writing objectives in performance terms has 
been dropped. The term "instructional objec- 
tive" is now used. There are general or expres- 
sive and specific instructional objectives (or 
expected learning outcomes). It is noted that 
some content areas lend themselves more 
readily to statements of objectives. However, 
Davies (1976, p 63) asked: "is it possible for 
children to "know" things they cannot do, to 
understand things they cannot explain, and 
value things they can only half comprehend?" 
if objectives can give clarity, appropriateness 
and purposefulness to a lesson during planning, 
then it would be worthwhile to write these 
objectives. Furthermore, not all objectives need 
be written in performance or behavioural 
terms; expressive objectives, Eisner (1975) are 
used in dealing with topics, themes, issues and 
subject areas where the former is inappro- 
priate. Studies made on the usefulness of objec- 
tives have been found to be inconclusive. 

O n  page 20 of the Survey on the writing and use 
o f  speciftc Instructional Objectives, STU (1987) 
another summary conclusion states: "Some 
teachers do not use SIOs for lesson planning. 
They feel that they can plan good lessons with- 
out having to depend on the use of SIOs." On  
page 17 of the same STU report, under "(b) 
Classroom Teaching" it states that "They 
(teachers) are guided by the activities planned 
for the lessons rather than by SIOs written for 
the lessons. " 

A complex interaction of elements takes 
place during a lesson - the subject content, the 
specific needs and characteristics of learners, 
the strate~ies, materials etc. In planning, all - 
these have to be taken into account. SIOs on 
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their own do not make or break a lesson. It is 
the interaction of all these elements within a 
lesson, carefully managed by the teacher that 
works towards a successful lesson. 

Shavelson (1987) reported that traditionally 
most teachers are trained using a prescriptive 
model for planning instruction involving objec- 
tives, students' entry behaviour, selecting and 
sequencing content and evaluation. However, 
teachers focus on activities in their planning. 
This is because teachers have to balance 
multiple educational goals, students' goals and 
activity flow. Taylor (1970) pointed out that 
most planning appeared unsystematic and 
general in nature and "Teachers appear uncer- 
tain as to what the planning process requires." 
Research on teacher planning has not led to the - 
formulation of a teacher planning model. 
However, it has identified components that 
such a model must incorporate. These com- 
ponents are similar to those identified by Dick 
& Carey (1978), and they include instructional 
or learning objectives. Activities in the lesson 
thus cannot be the main guide for planning in- 
struction. . 

Another conclusion from the STU (1987) 
report states that "The teachers believe that 
textbook writers and curriculum material de- 
velopers can produce better SIOs for the 
various subjects taught in the schools.'' Objec- 
tive statements written by those specified refer 
to a particular context - the subject content, 
the audience and strategies. They should only 
serve as a guide for the teacher to formulate 
objectives appropriate to the students' needs 
and learning environment. 

If teachers believe that they should move 
towards a more student centred learning en- - 
vironment, it would be difficult for us just to 
"borrow" objective statements written by 
someone else for use with our own students 
without modifying or revising them. It is 
imperative that the teacher identify the goals 
and objectives of the lesson he is about to teach. 

It would be over-simplistic to argue that a 
good lesson can only be taught when good SIOs 
have been developed. They are but part of a 
bigger whole; an element, an important one 
though, in the complex teaching-learning en- 
counter. 

The problems encountered by teachers in 
formulating appropriate and useful specific 
instructional objectives may be alleviated by 
better understanding among teachers about the 
functions and role of SIOs in the teaching 
process. 
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PRELIMINARY ANNOUNCEMENT 

2nd Annua.1 Conference of the 
Educational Research Association 

Theme: School-Facussed Research for 
Educational Excellence 

Singapore 

4 and 5 September 1988 

The Znd Annual Conference of the Educational Research Association will be held on the 4th and 
5th of September 1988. The theme for this year's conference is School-Focussed ~esearch  for 
Educational Excellence. The Ministry of Education has strongly supported the development of 
school-based projects and the conference will provide an opportunity to assess the status of these' 
projects and ways of strengthening the capacity of the schools to undertake these projects. 

The highlights of this year's conference are 2 symposia, namely School-Based Projects and Action 
Research and Teacher Professional Satisfaction. There will be 2 keynote presentations - by Prof. 
Stephen Kemmis and Prof. Allen Men10 respectively - and these presentations will be followed by 
presentations by project leaders. An opportunity will be provided for workshop discussions on the 
presentations to draw out implications and to make recommendations. 

The second day's presentations will offer a range of research-based papers. It is also hoped to have a 
number of M Ed Special Research panels. 

The Conference Committee invites participants to contribute papers on topics of educational 
interest. 

For further information, please write to 
Dr. S. Gopinathan 
The Honorary Secretary 
Educational Research Association 
c/o Institute of Education 
469 Bukit Timah Road 
Singapore 1025 
or call 4695151 Ex. 323 


