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Abstract: A Computerized Adaptive Testing (CAT) project in reading 
comprehension was established to develop multiple choice tests across four 
grade levels, Primary 3 and 5, and Secondary I and 3. CAT is interactive and 
allows participants to select their own entry points to the test and gives 
feedback on their performance. Building a CAT system required the 
development of an item bank, selection of item and items order to be presented 
in a test, and evaluating the test for difficulty. The creation of the item bank 
involved the specifying reading comprehension skills, writing items, field 
testing, item analysis and calibration. The software, MICROCAT, was used to 
develop an item bank, to select items and item order to be presented in a test, 
and to evaluate the test for difficulty. The project is currently at the stage of 
field testing.  
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Computers have been used in language testing in the last two decades, with their 
use largely restricted to the analysis of test results (Madsen & Larson, 1986; 
McNamara, 1991). The current availability of relatively cheap but powerful 
microcomputers has made test delivery by computer both feasible and attractive. As 
shown in many studies (Alderson, 1991; Anandam, 1994; Canale, 1986; Laurier, 1991; 
'Ring, 1986), work is progressing both in the U.K. and the U.S. on computer-based 
language tests (CBLT) and computerized adaptive testing (CAT). 

CBLT, referring to tests delivered and scored by computers, was initiated in the 
U.K. in the I980s with projects such as that established in the University of Lancaster by 
Alderson. In addition to administering and scoring tests using the 



computer, CAT tailors or adapts the test to the person's ability to allow him to have an 
assessment of his ability with a shorter test. CAT is a computer-assisted interactive 
process facilitates the rapid, accurate measurement of the ability of the testee. CAT 
began mainly in the U.S., through the exploration of large-scale testing by the military 
(Gorman, 1977; Ree, 1977) and is currently used both in the universities as well as in 
national standardised testing. 

The Computerized Adaptive Testing (CAT) project in reading comprehension was 
set up in the Centre for Applied Research in Education, National Institute of Education, 
in 1994. The focus of the project is on CAT rather than CBLT as the computer is used 
to "adapt" the test to individual students. The aim of this project is to develop a CAT 
system for a reading comprehension test across four grade levels : Primary 3 (P3), 
Primary 5 (P5), Secondary 1 (S 1) and Secondary 3 (S3). The equivalents of these levels 
are, respectively, Grade 3, Grade 5, Grade 7 and Grade 9 in the US. 

The critical feature of the computerized assessment procedure is that the test items 
are presented in an interactive fashion, allowing the testee and the computer to alternate 
in transmitting information. The advantages of CAT include flexibility in item selection 
and administration time, efficiency, greater test security, and enhanced clerical 
processing power. Compared with conventional testing, CAT allows greater scoring 
accuracy, shorter testing periods, quicker availability of results, and reduces guessing 
and other undesirable test behaviour (Kingsburg & Houser, 1993). However, like most 
testing procedures, the quality of the test items and their psychometric attributes should 
be determined at the preparatory stage.  

IDENTIFYING READING COMPREHENSION SKILLS 
Prior to implementing of an adaptive testing project, a number of decisions in three 

broad areas need to be made: the development of an item bank, development of an 
adaptive test and on-line administration of the test. Figure 1 presents a flowchart of the 
procedures adopted in each of the three areas. In the development of the item bank, once 
the ability area (in this case, reading comprehension) is selected, the factors to consider 
are dimensionality of the test, item types, and sampling of the content domain. Current 
understanding of the process of comprehension accepts that reading comprehension 
involves both understanding of the content (the domain) as well as the language itself. 
The provision of a schema theory in reading takes content and prior knowledge into 
account; subject matter that is familiar to testees facilitates comprehension. 



There are several theoretical formulations of reading comprehension, two of the 
better known being the propositions-based model (Kintsch and van Dijk, 1978) and the 
so-called mental model (McNamara et.al., 1992). In line with McNamara et.al., 
"comprehending involves building in one's head a model of the presumed intended 
meaning of the text" (Johnston, 1984:154). Comprehension is therefore anactive, 
constructive process. With respect to this description of reading comprehension, three 
dimensions of test questions seems important. One is that ofprior knowledge, making 
sure that the test items are not text independent. The other is centrality, in that the items 
will focus on the central, rather than the peripheral, elements in a passage (Johnston, 
1984:154). The third aspect is inferencing, which is central to comprehension. 

Although there is the contention between the view that comprehension is a unitary 
skill (consider, for instance, the "whole language" approach to reading) and that it 
comprises a number of separate skills, the position taken here is that comprehension is 
made up of a number of skills or sub-skills. The skills-approach could also help in 
providing diagnostic information concerning certain aspects of reading relevant to 
instruction as observed in the Singapore classroom. 

Based on the theoretical formulations of reading comprehension, the reading 
comprehension skills assessed in this project come under five categories, namely, 
locating relevant information source(s), following a sequence of events/ideas, 
anticipating story development, reading to make inferences, and reading for main ideas. 
Multiple measures have been used since collectively they still constitute a useful testing 
strategy, according to some advocates (Johnston, 1984:150). 

In determining the tasks to be included in the test, there is a need to get at the 
process of comprehending. As readers need to scan through a whole text to look for 
specific information (Greenal & Swan, 1968), items were constructed to assess the skill 
of locating relevant information source(s) using word association cues. Items were also 
devised to test the skill of following the sequence of ideas/events as readers need to 
understand text organization and to be able to recognize how sentences are joined 
together to form paragraphs (Greenal & Swan, 1968). 

As inferencing is a skill central to comprehension, it is necessary to assess the 
ability to make connections in a given text, when such connections are not made explicit 
by the author, and to fill in slots, when alternatives are not specified in the text (Warren 
etal., 1979). Items were constructed to en- 



courage students to think about what they are reading as they anticipate the next likely 
event in a given situation/incident. Other items were written to test directly the skills of 
making inferences. 

Another important skill is the ability to recognize the main ideas of a text (Tay, 
1979). Students must be able to read for general sense rather than for the meaning of 
every word and, consequently, be able to distinguish between important and less 
important information; hence the point about centrality.  

CALIBRATION OF THE P3 AND PS TEST ITEMS 
The next stage in the development of the item bank is the writing of items (see 

Figure 1). Items are written for the specified reading skills for the four levels, Primary 
3 (P3), Primary 5 (P5), Secondary 1 (Si) and Secondary 3 (S3). Currently the items are 
under field testing, being administered to students in eight primary and eight secondary 
schools. The analysis attempted in this paper is confined to a sample of P3 and P5 
items as data are still being collected for the rest of the items. 

In the Primary 3 test, items 8 to 19 test the skill of locating relevant in-formation 
source(s), items 20 and 21 the ability to anticipate story development, items 22 to 30 
the drawing of inferences, while items 38 to 41 assess the ability to find the main idea 
of a passage. In the Primary 5 test, items 20 to 28 test the ability to draw inferences, 
items 29 to 38 the ability to locate relevant information source(s), items 39 and 41 the 
ability to anticipate story development, and finally items 42 to 45 assess the skill of 
finding the main idea of a short text. 

The items identified above constitute part of a test that was initially administered 
to two schools in the English Language section of the Primary Pupils Profiling Project 
(completed earlier); the items were subsequently extended to eight other schools to 
enlarge the sample (see Lim, 1993, 1994). For the analysis in this paper, the P3 items 
were tested on a sample of 796 students while the P5 items were used with a sample of 
764 students. Rasch analysis (one model of Item Response Theory) of the test items 
was carried out using the program, Quest (Adams & Khoo, 1993). The Quest program 
uses the joint or UCON maximum likelihood procedure to estimate both the item and 
person parameters with a correction factor for bias. This item analysis is the fourth step 
in the development of the item bank (see Figure 1). 
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Figure 1 Flowchart of Computerized Adaptive Testing Project 



In examining the model fit of the P3 items and P5 items, the item and case infit 
and outfit statistics reported in Quest are the weighted and unweighted residual-based 
statistics described by Wright & Masters (1982). The P3 test has an infit mean square 
of 0.98 (with SD = 0.15) and the P5 test has an infit mean square of 0.98 (with SD = 
0.18); both data sets therefore fit the model. The reliability of estimate is also good, 
0.99 for both tests. This estimate is the Wright and Masters' (1982) item separation 
reliability for the proportion of the observed estimate variance that is considered "true". 

Figure 2 presents the variable map for the P3 test (N = 796) showing both the 
person ability and item difficulty, with the logit scale for the calibration of items and 
cases being plotted vertically on the map. Using the Rasch analysis, the validity of the 
test as a whole can be examined with regard to the ability of the distrbution of the 
testees as the person ability level can be placed on the same scale as that of item 
difficulty. A test would have more psychometric relevance if the distribution of the 
item difficulties corresponds more or less to the distribution of the person ability level. 

In the P3 map in Figure 2, the distribution of the sample appears to skew slightly 
to the right, i.e. towards the higher ability. However, the test items seem to be well 
within the ability level of the P3 sample. Similarly, the PS sample (N = 764) in the P5 
map appears to be slightly above average, and some items clustered in the lower right 
quadrant appear to be quite easy for the examinees. 

Items designed to assess the skill to locate information source(s) in the P3 and P5 
ability maps appear to be easy for both the P3 (see items 9, 10, 12, 13 and 19) and PS 
samples (items 29, 32, 33, 36 and 38). Items that seem to be difficult for the P3 testees 
are those requiring the skills of anticipating story development (items 20 and 21) and 
drawing inferences (items 25, 28 and 29). Similarly, PS testees found the inferential 
items (items 20 and 23) to be relatively difficult. So are items to state the main idea of 
the text (items 43 and 45). The P3 and P5 samples probably found reading to make 
inferences relatively difficult as they needed to infer what the author intended but not 
made explicit. 

Getting these inferential items right depends (according to Warren etal., 1979:28) 
on two factors, specifically how close the information in the text bears on the 
inference and the extent of the examinees' world knowledge of the events involved. P3 
examinees may not have developed the skills to anticipate story development as well 
as the P5 sample, but with regard to the items as- 



sessing understanding of main ideas, the P5 sample had some difficult passage. 
The fit of the items was examined next. The items of both tests fitted adequately, 

as most of the infit mean squares of the items lie within 30% above and below their 
expected value. In the case of the P3 test, items wich did not fit well (particularly items 
10, 13, 17 and 19) were those to locate relevant in-formation source(s). The same could 
be said of items 32, 35, 36 and 38 in the P5 test. These are items that the testees in both 
samples found to be relatively easy. 

The options analysis indicates that these items are not discriminating enough 
between the high and low ability examinees. The responses of examinees who keyed in 
the wrong options are spread out among the 5 wrong options indicating that students 
were not able to locate which book (information source) they had to use to locate the 
information  

ON-LINE ADMINISTRATION OF ADAPTIVE TESTING 
In the CAT project, once the characteristics of the items of all the four levels are 

analyzed, the selected test items can be calibrated and assembled (the last step of the 
development of the item bank in Figure 1). The second stage of the project as shown in 
Figure 1 is the development of the adaptive test, commencing with the identification of 
a software system to administer the tests. Currently there are at least two major 
software systems, MICROCAT (Assessment Systems Corporation, 1989) and the CAT 
Administrator (Gershon, 1989) for this purpose. 

The calibrated test items would then be entered into one of the software systems 
that can handle the development and on-line administration of adaptive tests. All items 
would be calibrated on the same scale, with the estimation of person ability being 
independent of the items selected (Rasch, 1980; Wright, 1968, 1977). In both systems, 
the testing process begins with the testee, seated at the computer terminal, being 
presented with a test item and his responding to it (see Figure 3 below for the flowchart 
showing the steps). After each response, an estimate of the testee's ability is given and 
updated as the testing proceeds. The computer program then selects a test item, which 
is either easier or more difficult, depending on the testee's estimated ability at that 
point. 

One way to select the next test item is to choose, out of a pool of avail-able items, 
one that will minimize the standard error of estimate of the examinee's ability when it 
is administered. Thistailoringprocess, with a mini-mum of test items maximizes the 
information obtained about an individual's 
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ability level. As shown in figure 3, each software system has options for criteria to 
adapt the test to the testee and termination criteria. 

Essentially, the testing procedure "adapts" the test to the testee on the basis of the 
response patterns by presenting items successively more appropri- 

 

Figure 3 Flow chart of computerized adaptive testing 
ate to the individual's (estimated) ability level. It has been shown that reliable pass/fail 
decisions can be made on the CAT system with fewer items and without loss of 
precision when compared with conventional testing (McKinley & Reckase, 1980, 
1984; Weiss, 1983; Weiss & Kingsburgh, 1984). 

Each software system would also have procedures to create the test and to 
compile the created tests. The last stage of the CAT project is, as presented in figure 3, 
the on-line administration of the adaptive tests for P3,P5, S1, S3. Students in selected 
schools for the field testing will do the adaptive tests. The results would be analyzed 
and reported to the schools. Any problems encountered in the administration will be 
handled accordingly and the system will be improved for future administration of the 
items. 



CONCLUSION 
The analysis of the P3 and P5 items, as outlined in the preceding paragraphs, 

indicated that the items are generally quite easy for the two samples used in the trial 
run. Additional items have been written for the P3 and P5 levels. All the items would 
be further tested on a stratified random sample of pupils from eight primary schools. 
The Si and S3 items are currently being administered to a stratified random sample 
drawn from eight secondary schools. 

Subsequent on-line administration of the calibrated items would be carried out in 
a few primary and secondary schools. Putting things in a broader perspective, in the 
United States, the CAT system has evolved to a stage that is now viewed as a practical 
alternative to paper-and-pencil testing (Kingsbury & Houser, 1993). In Singapore, 
however, computerized testing is still at an early experimental stage. The local CAT 
project has been set up to make use of innovations made available in the United States 
to increase the efficiency and power of testing it exploits the potential of recent 
developments in computer technology to improve the practice of testing in Singapore. 
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