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COMPUTERISED ADAPTIVE TESTING: 
AN INVESTIGATION OF FACTORS AFFECTING STUDENTS’ TEST PERFORMANCE 

Chew Lee Chin 
Nanyang Technological University, Singapore 

Abstract: In the Singapore context, with increased availability of computers and a broader access to 
computers in the coming years, computerised testing where computers are used as devices for 
delivering tests has good potential. More specifically, computerised adaptive testing (CAT) holds 
promise as a new and innovative strategy for testing and measuring student achievement. 
However, the acceptability of CAT by both the public and those directly involved, namely, school 
administrators, teachers and students, is critical. They will need to be convinced of the suitability 
of computer technology to many of the testing tasks, and of the equity of this new testing method 
especially in terms of students’ test performance. This paper reports on the findings of an 
investigation study of several pertinent factors that were hypothesised to influence student 
performance at computerised adaptive tests on biology. The variables included a) student gender 
and ability, b) student computer ownership and experience, and the frequency of their use of 
computers, c) student attitudes to computers, and to science learning. 

 

Introduction 

In the Singapore context, with increased availability of computers and a broader access to computers in 
the coming years, computerised testing where computers are used as devices for delivering tests has 
good potential. More specifically, computerised adaptive testing (CAT) holds promise as a new and 
innovative strategy for testing and measuring student achievement. With CAT, each examinee’s ability 
level is estimated during the testing process, and test items are tailored to this estimate of ability. That 
is, the computer sequentially selects items that are geared according to an individual examinee’s tested 
ability. This is done on the basis of the examinee’s responses to previous test items, so as to obtain a 
precise and accurate estimate of his or her proficiency on the underlying measurement scale. Like most 
computer-assisted testing, there is also immediate scoring ad reporting of test results to examinees. 

Although CAT is deemed to have good potentials for school achievement testing, there is a need for 
empirical studies to understand several issues or concerns related to its use in the school context. In 
general, these issues relate to the validity of CAT as a new approach to educational assessment. That is, 
the acceptability of CAT by both the public and those directly involved, namely, school administrators, 
teachers and students, is critical. They will need to be convinced of the suitability of computer 
technology to many of the testing tasks, and of the equity of this new testing method especially in terms 
of students’ test performance. 

Of growing importance in computerised testing research are investigations into the relationships 
between student differences and the testing outcomes. The overarching issue is how some student 
characteristics may differentially affect the reliability and validity of computerised testing. Existing 
research has identified a multitude of factors that may be influential in this regard (Kim, 1993; Legg & 
Buhr, 1992; Parshall & Kromrey, 1993). These factors range from students’ demographic to their 
psychological characteristics. Regarding this matter, Vogel (1994) has emphasised the need to collect 
demographic information to examine which subgroups of students would be in danger of test inequity 
arising from computer administration. More research is required to understand the differential effects of 
individual differences, and to help explain test performance of different groups of students. This will 
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have implications for decisions on the appropriateness of the testing method in different educational 
contexts. 

The directions of this study, presented in Figure 1, were conceptualised partly on the basis of 
hypotheses and needs identified in a review of the relevant research literature. Based on the research 
framework conceptualised, this investigation study attempts to answer the question: To what extent 
do gender, ability, computer familiarity, attitude towards computers and attitudes towards science 
learning influence test performance in biology using CAT?  

This paper reports on the findings of an investigation study that specifically focused attention on 
several pertinent factors that were hypothesised to influence student performance at computerised 
adaptive tests on biology. The variables included a) student gender and ability, b) student computer 
ownership and experience, and the frequency of their use of computers, c) student attitudes to 
computers, and to science learning. 

Figure 1: Framework of Study 
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Method 

This study was basically a single-occasion case study of CAT applied on secondary students in 
order to examine their learning outcomes on a two-year biology course in a Singapore school. 
Seven independent variables were considered in investigating the effects of student individual 
differences on their test performances in biology using CAT.  

The data were collected in two stages. The first collection required students to complete a survey 
form consisting of (a) the Student Information Questionnaire, (b) the Computer Attitude Scale 
(CAS), and (c) the Attitudes to Science Instrument (ASI). The next collection required students to 
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take the computerised adaptive test on biology. The test scores, reflecting students’ achievement, 
were obtained by computerised adaptive tests with test items drawn from a calibrated item-bank 
using item response theory 

Participants 

The participants were 117 students (aged 16 and above) enrolled in a two-year biology course for 
the GCE ‘O’ level examination. A total of 113 students completed responses to the survey 
questionnaire and participated in the CAT, and they constituted the final sample used in the data 
analyses. 

Two variables were specified in the research design, namely, gender and ability level. Assessment 
of student ability was based on previous achievement in a school-based biology examination. Test 
scores were ranked separately for male and female students, and three ability groupings were 
formed for each gender group using a set of cut-off test scores. Table 1 shows the distribution of the 
final sample. 

Table 1: Distribution of the final sample by gender and ability level 

 Male Female Total 
Low Ability 11 21 32 
Average Ability 19 28 47 
High Ability 24 10 34 
Total 54 57 113 

Post hoc comparison groups were formed to study the effects of five independent student individual 
differences’ variables. These were as indicated below. 

Computer Ownership 

Two comparison groups were formed, firstly students who owned a home computer (n=70), and 
secondly, students who did not have a computer at home (n=43). 

Computing Experience 

Students’ differential experience with four computer applications, namely, word processing, 
educational software, computer games, and computer programming, was used to form two 
comparison groups. The high-experience group (n=52) consisted of students who had experience 
with three or more computer applications, and the low-experience group (n=61) consisted of 
students who had experience with two applications or only one. 

Frequency of Computer Use 

Based on students’ frequency of use in each of the four computer applications, a total score was 
computed. The score ranged from 0 to 9. Three comparison groups were formed on the basis of 
these scores. The high-frequent group (n=24) consisted of students who had an overall score of 
>=5, the average-frequent group (n=40) consisted of students with an overall score of between 3 
and 4, and the low-frequent group (n=49) consisted of students with an overall score of <=2. 
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Attitude towards Computers 

Three comparison groups were formed by using purposive sampling to select the top, middle and 
bottom 33% of the final sample of students. This was done by ranking students’ total scores 
obtained with the Computer Attitude Scale (CAS). The most positive group (n=38) had a mean 
score of 122.5 (sd=9.0), the averagely positive group (n=38) had a mean score of 105.2 (sd=2.6), 
and the least positive group (n=37) had a mean score of 88.8 (sd=10.6). 

Attitudes towards Science Learning 

Three comparison groups were formed by using purposive sampling to select the top, middle and 
bottom 33.3% of the final sample of students. This was done by ranking students’ total scores 
obtained with the Attitudes To Science Instrument (ASI). The most positive group (n=38) had a 
mean score of 111.0 (sd=7.6), the averagely positive group (n=38) had a mean score of 96.1 
(sd=3.3), and the least positive group (n=37) had a mean score of 81.9 (sd=8.3).  

Data Analyses 

The relevant data, collected in the two stages, were analysed according to the following specific 
analysis plan. Descriptive statistics were deployed to yield test scores of the constructed 
computerised adaptive tests. 

Tests for statistically significant differences among the test scores were conducted for students 
across the various groupings formed according to gender, ability, computer familiarity indicators, 
and affective characteristics. Analyses were carried out using the one-way analysis of variance 
(ANOVA). The a priori level of significance was set at .05. When initial inspection of data 
indicated the possibility of non-homogeniety of cell variances, a test of this factor was made using 
Levene’s technique. 

Results 

Table 2 shows the mean and standard deviation of the test scores obtained by the computerised 
adaptive test. Results show a gender difference for the mean test scores at the level of significance 
p=.05. Boys seem to perform better in the biology achievement tests using CAT. However, it is 
noted that the degree of heterogeneity of cell variances was significant. But the F tests were deemed 
to be robust to violations of the homogeneity of variance assumption, as the number of scores in the 
groups was about equal. 
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Table 2: Means and standard deviations of test scores obtained using CAT, and results of the 
analysis of variance for the seven independent variables 

Variable  N CAT_Scores 
Mean (sd) F-ratio P value 

Gender Male 
Female 

54 
59 

-0.03  (1.40) 
-0.51  (1.05) 4.33 .036 

Ability Level 
Low 
Average 
High 

32 
47 
34 

-1.35  (0.92) 
-0.25  (1.07) 
0.69  (0.89) 

35.81 .001 

Computer Ownership With 
Without 

70 
43 

-0.16  (1.10) 
-0.35  (1.33) 0.63 .429 

Computing Experience Low 
High 

61 
52 

-0.19  (1.25) 
-0.38  (1.25) 0.60 .439 

Frequency of Computer Use 
Low 
Average 
High 

49 
40 
24 

-0.22  (1.21) 
-0.32  (1.30) 
-0.33  (1.25) 

0.09 .912 

Attitudes towards Computers 
Least positive 
Average 
Most positive 

37 
38 
38 

-0.41  (1.11) 
-0.39  (1.33) 
-0.04  (1.27) 

1.08 .343 

Attitudes towards Science 
Least positive 
Average 
Most positive 

37 
38 
38 

-0.79  (1.10) 
-0.34  (1.22) 
0.28  (1.20) 

2.83 .001 

Table 3: Results of the Scheffe test of multiple comparisons of the dependent measure for the 
ability level variable 

Dependent Measure Contrast between Ability Levels Difference in Mean Scores 

CAT_Scores 
High vs Average 
High vs Low 
Average vs Low 

0.94 
2.04 
1.10 

Analyses by the ability variable reveal significant differences on the mean CAT scores. Post hoc 
comparisons using the Scheffe test were performed, and the significant differences between group 
means are show in Table 3. The high-ability group has a significantly higher mean score than the 
other two ability groups. Besides, the average-ability group has a higher mean score than the low-
ability group. These results indicate a preponderant influence of student ability on the test 
performance. 

Analyses of test performance by the three indicators of computer familiarity are presented next. No 
significant differences of test scores are found for all three indicators. However, there was a pattern 
of higher mean test scores for the group of students with home computers, the group of students 
with low computing experience, and frequent users of computers. In the latter case, the mean 
increases from ‘low-frequency users’ to ‘high-frequency users’. 

Analyses for the attitude of computers variable show a trend of higher mean scores from the least 
positive attitude groups on both tests, but no significant scoring differences are observed amongst 
the three student groups. 

For the attitude to science variable, significant mean differences are found on both tests. Post hoc 
comparisons using the Scheffe test were performed, and the results are shown in Table 4. The most 
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positive attitude group has significantly higher mean scores than the least positive group on both the 
adaptive test and the conventional test. 

Table 4: Results of the Scheffe test of multiple comparisons of the dependent measure for the 
attitude to science variable 

Dependent Measure Contrast between Ability Levels Difference in Mean Scores 
CAT_Scores High vs Low 1.07 

Discussion 

This study considered the possibility that individual student differences might affect CAT use, 
namely, students’ test performance in biology achievement. Seven factors were investigated, 
resulting in some interesting findings about the students in this sample. 

The hypothesis that there is no significant gender difference in test performance at CAT seems not 
to have been supported. Boys had performed better on the computerised adaptive tests than girls. 
However, it must be noted that the study sample originally consisted of more boys of higher ability 
level than girls (24 versus 10). Besides, there was a trend of better test performance in biology by 
boys on three other criterion measures investigated in this study. Since the better performance by 
boys at CAT in this study is not explained by gender but by their greater ability, the hypothesis is 
borne out that the CAT mode of testing per se does not favour boys or girls. 

The hypotheses that students’ ability and their attitude towards science learning would influence 
favourably their performance at CAT are borne out in this study. Significant monotonic increases in 
the test scores obtained with CAT were observed from low- to high-ability groups, and from least to 
most positive attitude to science learning groups. Students of higher ability level performed better 
on the computerised adaptive tests. These results confirm the contention of Debaz (1994) that 
student ability or past achievement is a preponderant influence on their subsequent achievement. It 
was also observed that students, who were more positive towards science learning, performed better 
on both the computerised adaptive and conventional tests compared to those who were less positive 
in their attitudes. These results lend support to observations made in three other studies (Foong, 
1993; Marjoribanks, 1976; Oliver & Simpson, 1988). The consistency of our findings with other 
findings, on the influence of ability and attitude in the context of other modes of testing, attests to 
the validity of CAT. 

The hypotheses, that computer familiarity (the three indicators of which were home computer 
ownership, computing experience, and frequency of computer use) and positive attitude towards 
computers would not in themselves influence favourably performance at CAT, are supported. 
Students who owned home computers did not perform better on the computer-administered tests. 
This result questions Perkins’ finding (1993) that students’ computer ownership was a significant 
factor in determining results of computerised tests. Students with more computing experience or 
higher frequency of computer use, did not in this study perform better on the computer-
administered tests. This result supports the findings of many other studies, but it challenges the 
findings of Lee’s study (1986) that previous computer experience did account for significant 
variance of performance at computerised tests. In this study, students with more positive attitude 
towards computers did not perform better on the tests. This result confirms Powers and O’Neill’s 
finding (1993) that students’ attitudes towards computers did not affect their performance on 
computerised tests. 
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Indeed, this investigation has focused attention on the differential effects of computer use on different 
subgroups of students. The issues may be more complex; probably they involve an interplay between 
student personal characteristics – such as gender, ability level, and attitudes towards science learning – 
and their test performance when computers are used. In sum, this study attests to the need for 
empirical studies to investigate the relationship between individual student differences and 
computerised testing. The general concern is how some student individual characteristics may 
differentially affect their responses to computerised testing, with consequences on their test 
performance. From a wider perspective, this is an equity issue on computer use in education. Sutton 
(1993) highlighted a pertinent point in this regard. That is, whether the use of computerised testing 
might maintain or exaggerate inequities in education. 
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