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Singapore schools have embraced computer technology for educational purposes on 
a large scale. Since the adoption of the IT master plan, numerous initiatives have focused on 
using information technology to enhance teaching and learning. Accompanying this is a 
growing interest in computer use for assessing student learning outcomes. 

Over the last two decades, the computer has been applied to 'mechanise' repetitive 
assessment tasks such as the scoring and reporting of tests. Since then further advances in 
the technology have made it possible to have computerised adaptive testing (CAT). 
Computerised adaptive testing, where computers are used as devices for delivering a 
tailored test to each individual student, holds promise as a new and innovative strategy for 
testing and measuring student achievement. 

Research studies conducted in the United States have alluded to several advantages 
of a computerised testing strategy over its paper counterpart. These studies reported the 
benefit of reduced testing time (English, Reckase & Patience, 1977; Glowacki, McFadden 
& Price, 1 995; Oslen, 1990; Oslen, Maynes, Slawson & Ho, 1 989; Wise & Plake, 1989). 
Other benefits included ease of data/information collection (Wise & Plake, 1989), 
immediate test scoring (Bugbee, 1996; Bugbee & Bernt, 1990; Mazzeo & Harvey, 1988), 
immediate test reporting (Glowacki et al.. 1995; Jackson, 1988), improved test security and 
easy scheduling of test (Bugbee, 1996; Grist. Rudner & Wise, 1989; Wise & Plake, 1989). 

Even greater assessment efficiency is possible with CAT because of several unique 
inherent features. Students are administered test items geared to their individual ability 
level. The test items are selected on the basis of their psychometric information, and 
computers are used in the whole testing process. The potential benefits are reduced ~st 
length (Smith, Fitzpatrick & Dodd, 1993), reduced testing time, and test adaptability. 
However, it is purported that the actual benefits derivable from this testing method vary 
according to the influence of several factors. This research area calls for more supportive 
empirical evidence from implementation studies on CAT. 

This paper will provide an evaluation of the benefits to students that were derived 
from the use of computerised adaptive tests. The findings and its implications for 
educational testing and measurement in the Singapore context are then discussed. 

Method 
Data were collected via implementing a computerised adaptive testing programme 

in a Singapore secondary school. Computerised adaptive tests on biology were examined as 
they were actually administered to a sample of 113 secondary students. This was done by 
drawing upon several lines of evidence regarding the actual benefits to students. 

Two mini-CATs on biology were implemented in this study (mini-CAT! and mini
CAT2). The two adaptive tests were so constructed that each test was terminated on two 
predefined conditions. One was when a Bayesian posterior variance of 0.2 (or standard 
error=0.45) was reached, and the other was when a specified maximum number of test 
items had been administered. For mini-CAT 1, a minimum of 12 test items and a maximum 
of 18 were specified for the testing. For mini-CAT2, a minimum number of 8 test items and 
a maximum of 12 were specified. 
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Benefits of reduced test length and time, and of test adaptability, were investigated 
by examining two aspects of each mini-CAT. These included the total number of test items 
administered to each student, and the number of test items answered correctly by each 
student. As the number of test items administered to each student might vary in the adaptive 
testing, the percentage of correctly answered test items of the total number administered 
was computed to account for this variation. 

Two other benefits that were accrued from a computerised testing strategy. namely. 
immediate test reporting and the provision of performance diagnosis feedback were also 
evaluated. · 

Results 
Results show that for mini-CAT1 a mean total number of 16.2 (sd=l.9) test items 

were administered to students. Based on the maximum number of specified, the average 
length of the test administered to students was reduced by about I 0%. Figure I shows the 
distribution of the number of CAT1 test items administered. Students were administered 
between 12 to 18 test items. About 43% of them were administered the maximum number 
of 18 test items. 

Figure l 
Histogram of the Number of Mini-CAT1 Test Items Administered to Students 
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The adaptive test could also be terminated when the posterior variance criterion had 
been satisfied. A histogram plot of the final standard error values obtained for mini-CAT1 
is presented in Figure 2. For 61% of the students, the testing was terminated on this 
criterion. However, for the rest of the students, the specified standard error of 0.45 was not 
reached. Their tests were terminated when the fixed maximum number of items had been 
administered. 

The results show that a mean number of 11.8 (sd=2.9) test items were answered 
correctly by students. Figure 3 shows the distribution. The number range from 6 to 17. 
Based on the total number of test items administered, the students obtained a mean of 
71.7% (sd= 11.0) correct responses. 
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Figure 2 
Histogram of the Final Standard Error Values of Mini-CAT 1 
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Figure 3 
Histogram of the Number of Mini-CAT I Test Items Answered Correctly by Students 
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Results show that all students were administered the maximum number of test items 
for mini-CAT2. That is, no reduction of test length was achieved. A histogram plot of the 
final standard error values for mini-CAT2 is displayed in Figure 4. For majority of students, 
the final standard error value of 0.45 and below was not satisfied, and their tests were 
terminated only when the maximum number of test items was administered. For the 1.8% of 
the students, their tests satisfied the standard error termination criterion, but this was 
achieved together with the specified maximum number of test items. 
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Figure 4 
Histogram of the Final Standard Error Values of Mini-CAT2 
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Histogram of the Number of Mini-CAT2 Test Items Answered Correctly by Students 
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The results show that a mean number of 7.8 (sd= 1.1) test items were answered 
correctly by students in mini-CAT2. Figure 5 shows the distribution. It ranged from 4 to I 0 
items, but the majority of students correctly answered between 7 to 9 of the administered 
test items. Out of the total number of test items administered, they answered correctly about 
64.9%. 

In terms of testing time, results show that the study sample took an average of 17. 1 
(sd=4.5) minutes to complete the two mini-CATs. In a similar but paper-administered 30-
item conventional test, a standard testing time of 35 minutes would have been specified. 
Thus. with this adaptive testing, a time saving of about 50% was achieved. 
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Figure 6 
A Test Item on Biology and its Specified Performance Diagnosis 

THE AUSuJEP, IS D:- COHPON'EHTS OF THE E•:tE 1tTHICH SEitVE TO REFP-11..CT THE LIGHT 
OHTO THE P.ETIHA(8) IHCLUDE: COIU.J'EA(2), AQUEOUS HUUOUR(3) 
L HI::~ ( 5 ) , VI T :ROUS H1JUOUP, ( 6 ) 

TJho;;,n light passes from one medium such as air to anot.her such as t.he 
transparent tl.ssues C•f t.he c::.ye, it is bent. or refract.ed. This leads to an 

l.mage beil'J.9' form·::.d •::~n the r•::.t.ina ( 8 :' . The greatest. refraction in the eye 
occurs at t.he i=nr-COIU.JE.u. ( 2) sur face. The biconcaTJe LE1oJ'S ( 5) C• :f t.he eye also 

help t•:• 1·e tract. the ll.ght. The 1·e tractive por,rer of the lens is about one

third that of the cornea but this can be adjusted by char .. ging the shape 

of the lens. This occurs during the process knor,nl as accommodation. To a 
1 esse r e }:tent both the AQUEOUS HUUOlUt ( 3) and ~liT :RE OUS HUH OUR ( 6 :1 help to 

re fra•::t ll•;,rht. •:onto the retl.na ( 8) . 

OPTIOH A - Part.ial co1·rect. ans,.rel.·. The uppel.· eyelid ( 1) is not invohred 

in light refract.ion. 

OPTIOH B - Part.ial cc•rrect. anslJer. The iris ( 4) and chorc·id layer ( 7) are 

nc•t involved l.n light. 1·efraction. 

OPTIOl·I C - Partial correct answer. The choroid laye1· ( 7) and l·et.ina ( 8) 
are not ilrJolved in light. refraction. 

A performance diagnosis item was linked to its corresponding test item. Figure 6 
shows a test item on biology and its specified performance diagnosis item. This enabled it 
to be presented to the examinee immediately following his or her response to the test item. 
The performance diagnosis strategy would give immediate feedback to students about their 
success or failure on each test item attempted during the adaptive testing. Typically, the 
computer screen presented the correct of the best answer to an item, together with an 
explanation of it. An explanation of the wrongness or inappropriateness of each of the other 
answer options was also given. Half of the study sample was treated with CAT with 
performance diagnosis, and 97% of them found the immediate diagnostic feedback useful. 
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Figure 7 
A Student's Test Report 

Test Report For Student 4C116 

Test data for 4C116 on DEFAULT 10/03/95 
ID: 4C116 

Test Information for Mini-CAT1 of the Biology Test 
Std. 

Item # Item ID Resp Key Correct Ability Error 
------- ------- -------

1 BI0041 2 1 -0.713 0.801 
2 BI0083 1 4 -1.199 0.697 
3 BI0103 4 3 -1.646 0.631 
4 BI0047 2 4 -1.856 0.590 
5 BI0091 3 3 X -1.739 0.558 
6 BI0087 1 1 X -1.622 0.535 
7 BI0069 1 1 X -1.488 0.518 
8 BI0101 3 3 X -1.406 0.501 
9 BI0028 2 3 -1.594 0.486 

10 BI0053 1 1 X -1.513 0.473 
11 BI0099 4 3 -1.628 0.460 
12 BI0079 3 4 -1.770 0.456 
13 BI0040 3 3 X -1.717 0.443 

13 items were administered. 
Number correct 6 
Proportion correct 0.462 
The final ModalBayesian posterior mode was: -1.717 
The final ModalBayesian posterior variance was: 0.196 

Test Information for Mini-CAT2 of the Biology Test 
Std. 

Item # Item ID Resp Key Correct Ability Error 
' ------- ------- -------

1 BI0132 4 4 X 0.181 0.925 
2 BI0212 3 4 -0.239 0.793 
3 BI0167 4 4 X 0.012 0.733 
4 BI0219 4 4 X 0.197 0.693 
5 BI0163 3 3 X 0.389 0.674 
6 BI0168 2 2 X 0.561 0.655 
7 BI0211 2 3 0.390 0.603 
8 BI0209 4 4 X 0.511 0.582 
9 BI0218 2 2 X 0.576 0.564 

10 BI0190 1 1 X 0.664 0.551 
11 BI0146 3 3 X 0.777 0.548 
12 BI0125 4 1 0.486 0.532 

12 items were administered. 
Number correct 9 
Proportion correct 0.750 
The final ModalBayesian posterior mode was: 0.486 
The final ModalBayesian posterior variance was: 0.283 

858.051 seconds were taken for the whole test. 
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Figure 7 shows a student's test report. During the testing, there was tracking of 
items presented to each student, and also immediate scoring of the test items. Data were 
collected or recorded by the computer. These included students' responses to each item, the 
number of items presented, estimates of their ability on the basis of their responses to each 
item, the number of items presented, and the total testing time. The automated testing 
system provided each student with an immediate test report. 

Discussion and Conclusions 
Several interesting findings about the two mini-CATs used in this study were made. 

Shorter tests were possible with the first mini-CAT. The possibility of an average I 0% 
reduction in test length was observed with this mini-CAT. On the other hand, no reduction 
in test length was observed to be possible for the second mini-CAT. Two reasons may 
account for these 'puzzling' results. One is the size of the item pool. An item pool of 162 
test items. which was further sub-divided into two smaller pools for the two mini-CATs, 
might have been inadequate. Another reason may be the unavailability of test items tailored 
to the 'right' psychometric information at a particular ability level. 

In adaptive testing, the test is so tailored to an individual's ability that he/she is 
expected to obtain 50% of the test items correct. It is noted that at mini-CATI, students 
correctly answered between 69% to 79% of test items, and that at mini-CAT2, they 
answered correctly between 60% to 70% of the items. These results indicate satisfactory 
adaptability of the tests to individual students' ability. However, better results, and hence 
better adaptability, was not observed probably because of limitations of the item pool. 

The students took an average of 17.1 minutes to complete the computerised 
adaptive testing. Compared to conventional paper version of the test, which allocated a 
standard test-time, a time saving of 50% was achieved. 

In sum, the adoption of a CAT strategy in school-based testing can benefit students. 
When students are administered tailored tests that are geared to their performance level, 
they do not need to take unnecessary too 'easy' or 'difficult' test items. Instead, the 
computer selects and presents the most suitable test items for individual students, through 
on-going estimation of their ability during the testing. Each student is thus administoced a 
unique set of test items. Translated into practical terms, it means that the testing is 
individualised, and this results in the additional benefits of reduced test length and testing 
time. In the Singapore context, where educational decisions on students' streaming into 
different courses of study and their promotion therein, are made on the basis of test scores 
from school-based testing, students implicitly gain from this improved testing efficiency. 

Two other benefits, namely, immediate test reporting and the provision of perform
ance diagnosis feedback to students, were accrued from the computerised testing strategy . 
used in this study. A performance diagnostic function in the CAT system can provide 
immediate feedback and remedial tutorial as and when each question is answered. This 
allows the student to immediately evaluate his or her own understanding. In other words, 
the testing takes on, simultaneously, an instructional role. By comparison, a teacher
administered feedback is unsatisfactory as it is typically delivered long after a testing 
session, if at all. A computer-administered feedback and diagnosis of test performance can 
thus contribute towards good formative assessment and raise standards of learning amongst 
students. 

It is also advantageous to have a computerised testing system that allows students to 
obtain their test results and report immediately after the testing. By contrast, under the 
current testing practice, teachers take some time to score the tests, resulting in a lapse of 
time before students obtain their test results. From the students' standpoint, the provision of 
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immediate test results is more effective feedback, and an important motivating factor in 
learning. 
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