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Executive Summary

Simulations have played an important role in the research of computerized adaptive testing (CAT), ranging
from the study of estimation accuracy, item exposure, test security, to item differential functioning. However,
most researchers would agree that few simulations, regardless of how well conducted, can fully capture the
psychological and behavioral reality of examinee performance on a test. This is especially true when it
comes to simulating individual test taker responses.

In order to maintain the full information embodied in test taker responses, this study used the real responses of
969 Law School Admission Test (LSAT) takers to 127 items to simulate a simple CAT. (A practical constraint
of using real data is the limited sizes of item and test taker pools.) The objective of this study was to use the
original ability estimates of these test takers obtained from their paper-and-pencil (P & P) LSAT as targets to
see how well simple CAT sessions could recover them. Three basic research questions were investigated: (1)
Can the limited number of items (127) of one P & P test be adequate for a CAT session? (2) How accurately can
such a CAT recover individual test taker abilities? (3) How many items are required by CAT sessions with
three accuracy levels—standard error of measurement (SEM) equal to 0.3162, 0.265, and 0.173, which are
equivalent to the classical reliabilities of 0.90, 0.93 and 0.97, respectively? Note that the reliability of the LSAT
is normally about 0.93.

Three major findings have been obtained. First, the 127 items have been shown to be sufficient to conduct
simple CAT sessions for virtually all test takers at the three accuracy levels. Only two test takers” CAT
sessions could not be completed at the highest accuracy level. The second finding is that given the current
item pool composition, the highest accuracy level seemed to be necessary to recover the original P & P
ability estimates of the test takers. The third major finding is that the average number of items used in CAT
sessions increased from 13 items for the lowest accuracy level, to 37 items for the highest accuracy level. The
overall significance of this study is that it is the first CAT simulation that used real test taker responses.

Abstract

Considerable amount of research in computerized adaptive testing (CAT) has been conducted using data of
simulated examinees, item responses, and item parameters. However, most researchers would agree that
few simulations, regardless of how well it is conducted, can fully reflect the reality of examinee performance
on a test. Based on maximum likelihood procedures, this research investigates the accuracy and efficiency of
examinee ability recovery using real test taker responses to the Law School Admission Test (LSAT) items. It is
hoped that through the control of item parameters and examinee abilities based on a realistic test, insights
will be gained on various practical issues concerning an operational computerized adaptive LSAT in the future.

Introduction

Simulations have played an omnipresent role in the research of computerized adaptive testing (CAT).
Recent examples include the studies on item selection criteria by Veerkamp and Berger (1994); impact of bias
of maximum likelihood estimation by Kinsbury (1996); controlling item exposure rates by Stocking (1993);
CAT item differential functioning by Zwick, Thayer, and Wingersky (1995); balancing item information,
content, and exposure by Luecht, Nungester, and Hadadi (1996); and the possibilities of constructing CATs
to parallel conventional paper-and-pencil (P & P) tests by Davey (1996). However, most researchers would
agree that few simulations, regardless of how well conducted, can fully reflect the psychological and
behavioral reality of test taker performance on a test. This is especially true when it comes to simulating
individual test taker responses.

One typical stochastic method to simulate test takers’ right or wrong responses is to compare random
uniform probabilities with the probabilities yielded by some statistical models, such as the three-parameter
logistic (3PL) item response theory (IRT) model. While such a simulation method serves some purposes, its
adequacy can be contended when the goal is to simulate test taker responses for a particular test, such as the



Law School Admission Test (LSAT). This is because test takers’ responses on a test are products of many
factors working together, such as test takers’ educational experiences, cognitive processes, test behavior,
specific time limits, and psychological and physical conditions at the time of the test, to name just a few.
However, the statistical item response simulation method described above and IRT on which most CAT
simulations are based only assume that a unidimensional ability trait is solely responsible for test taker
responses. It is clear that item responses generated by a statistical simulation method are not a holistic
representation of real test taker responses.

It is a fact that simulating any of the above-mentioned real-life factors that impact on test taker responses is
extremely difficult, if not impossible. For example, speededness and guessing toward the end of a test or
section—common test behaviors—are still very poorly simulated. In an attempt to avoid the shortcomings
of the stochastic simulation method, this study used real test taker responses, obtained from an
administration of the LSAT, to produce more realistic CAT simulations.

Research Method, Questions, and Data

The LSAT is a paper-and-pencil (P & P) test designed to assess the essential skills of reading comprehension,
logical reasoning, and analytical reasoning (LSAC, 1996) for law school studies. During an LSAT administration,
test takers are typically administered approximately 127 items divided into four operational sections and one
variable section. The four operational sections consist of one Analytical Reasoning (about 25 items), two Logical
Reasoning (about 50 items) and one Reading Comprehension (about 26 items). The variable section can be any
one of the three section types and is designed to pretest new test items or to preequate new test forms.

The real responses used in this study come from the 969 LSAT test takers who answered the 101 operational
items, and a same set of 26 variable reading comprehension items of a disclosed LSAT administration. In
other words, the study is based on 969 test takers’ responses to 127 items. This research design thus uses real
responses as CAT responses during CAT simulation, instead of using stochastically generated responses.
These real responses are the holistic embodiment of the test takers in terms of their educational experiences,
cognitive processes, test behavior, and psychological and physical conditions at the time of the test.

Three basic research questions will be investigated in this study: (1) Can the limited number of items (127) of
one P & P test be adequate for a CAT session? (2) How accurately can CAT recover individual test taker 6’s?
(3) How many items are required by CAT sessions with standard error of measurement (SEM) equal to
0.3162, 0.265, and 0.173, which are equivalent to the classical reliabilities of 0.90, 0.93 and 0.97, respectively?
No content constraints were imposed in this study for basically two reasons. First, as this study is the first of
its kind, some baseline statistical information has to be obtained before content constraints confound it.
Second, although content constraints are well established for the P&P LSAT, no content constraints have
been instituted for the CAT version of the LSAT. Effects of the content constraints will be studied in a future
research project.

This study employs the 3PL model for item response modeling, maximum likelihood method for test taker
ability (8) estimation, and maximum information for item selection.

Regarding the CAT simulation algorithm, all CAT sessions start from the same place—with an item which
has the maximum item information near -0.25. No mathematical estimation of ability is used for the first five
items. If a test taker provides a mixture of correct and incorrect responses for the first five items, the test
taker’s ability is increased by 0.5 for each correct response, and decreased by 0.25 for each incorrect
response. Newton-Raphson estimation and item selection routine are employed from the sixth item on. If a
test taker answers the five items, either all correctly or all incorrectly, the test taker’s ability estimate is
increased or decreased five times, each time at an increment of 0.5. Such a process is extended beyond the
first five items until the test taker provides an opposite answer.

A CAT is considered successfully completed only when both a Newton-Raphson converged ability estimate
8 and one of the three preestablished SEM levels are achieved. To reiterate, the three predetermined SEM



levels 0.3162, 0.265, and 0.173 are equivalent to the classical reliabilities of 0.90, 0.93, and 0.97, respectively.
Please note in this study that the SEM is computed by:

1
SEM = n N
I]- ()
-1

i

where 7 stands for the total number of items used in a CAT session; j, the item index; i, the examine index; 6,
test taker ability estimate; and I, item information.

Analyses and Results

Summarizing Paper and Pencil Item and Test Taker Ability Parameter Estimates

Before presenting CAT simulation results, it is of interest to show the distributions of item and ability
parameter estimates as derived from their original P & P test. Table 1 summarizes the distributions of the g,
b, and ¢ parameter estimates of the 127 items used in this study. The g, b, and ¢ parameter estimates
represent item discrimination, difficulty, and a pseudo-guessing factor, respectively. It can be seen from
Table 1 that most items have moderate discrimination, centering around 0.70 with the minimum being 0.32
and the maximum 1.51. The difficulties of the majority of the items are situated around the middle difficulty
range, 0.17, where the least difficult item is -2.54 and the most difficult item is 3.65. The pseudo-guessing
parameter of the items is very low, around 0.17.

TABLE 1

Item parameter descriptive statistics

Parameter N Mean STD Minimum  Medium  Maximum Range
a 127 0.70 0.21 0.32 0.66 1.51 1.18
b 127 0.17 1.12 -2.54 0.08 3.65 6.19

c 127 017 0.11 0.00 017 0.50 0.50

According to Figure 1, the ability distribution of the 969 test takers is approximately normal with a slight
skew toward the low ability range. According to line 1 of Table 2, the mean, minimum, and maximum of the
ability distribution are 0.07, -3.70 and 3.31, respectively. Note that the distribution of test taker abilities is of
special interest here because it is the target that the CAT simulation will attempt to recover.
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FIGURE 1. Distribution of test taker ability estimate
TABLE 2
Test taker ability descriptive statistics
N Mean STD Minimum  Medium  Maximum Range
Original 969 0.07 0.98 -3.70 0.10 3.31 7.01
CAT-1 968 0.07 1.15 -3.82 0.06 3.96 7.79
CAT-2 968 0.10 1.10 -3.85 0.08 3.73 7.57
CAT-3 966 0.09 1.00 -3.25 0.06 3.28 6.53

Note. CAT-1: using real response and SEM = 0.316 equivalent to p = 0.90.
CAT-2: using real response and SEM = 0.265 equivalent to p = 0.93.
CAT-3: using real response and SEM = 0.173 equivalent to p = 0.97.

CAT Simulations

Corresponding to the three predetermined SEM levels, three CAT simulations—CAT-1, CAT-2, and CAT-3—
were carried out in this study. How well did the three CAT sessions recover the original P & P ability
distribution of the test takers? Results summarized in Table 2 demonstrate that all three CAT sessions
virtually replicated the original ability distribution—all the descriptive statistics—mean, standard deviation,
minimum, medium, and maximum, are quite similar.

However, varying degrees of differences do exist when the ability estimates of individual test takers are
compared between their original P & P and CAT ability estimates. An overview of Figures 2-4, which
display the differences of ability estimates of individual test takers, reveals three trends. First, the differences
between the original and CAT ability estimates of individual test takers gradually decrease as the accuracy
level increases from CAT-1 to CAT-3. (That is when SEM decreases.) For example, according to Figure 2, at
the SEM level of 0.316 or classical reliability of 0.90, individual test takers whose original P&P ability
estimates were located around 0.00 in IRT scale, could receive CAT ability estimates ranging from about
-1.00 to about 1.50, which is certainly a substantial level of variation. Yet, such differences at the same ability
level of 0.00, as shown in Figure 4, were drastically reduced between -0.30 to 0.50, when the SEM level was
lowered to 0.173, equivalent to the classical reliability of 0.97 in CAT-3.
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Table 3 summarizes the descriptive statistics about the improvement. For example, from CAT-1 to CAT-3, the
mean absolute differences decreased from 0.48 to 0.22; the standard deviation of the differences, from 0.50 to
0.18; and the maximum differences, from 4.92 to 1.07.

TABLE 3
Descriptive statistics on the absolute differences between CAT and original ability estimates

N M STD Minimum  Medium Maximum Range
CAT-1 - Original 968 0.48 0.50 0.00 0.36 4.92 4.92
CAT-2 - Original 968 0.39 0.36 0.00 0.32 4.70 4.70
CAT-3 - Original 966 0.22 0.18 0.00 0.18 1.07 1.07

The second trend noted for three CAT sessions was that most differences occurred among middle-range
ability. This finding is reasonable because both extremely low- and high-ability test takers tended to get
items either wrong or correct, respectively. The CAT item selection process tended to have little or no effect
on their ability estimates. However, since middle-ability test takers did have a number of items answered
either correctly or incorrectly, the items the CAT item selection process chose, would certainly affect their
ability estimates. If the CAT item selection process picked items mostly from those originally answered
correctly, these middle-range ability test takers would obtain ability estimates higher than their original
ones. The reverse would happen if the CAT item selection process picked items mostly from those that
middle-range ability test takers originally answered incorrectly. Such an effect of item selection would be
especially obvious when the accuracy level is set low (when the SEM level is large). A common strategy to
battle such an effect is to increase CAT accuracy by lowering the SEM level.

How many items did the three CAT sessions use on the average? Table 4 reveals that as accuracy improved
from CAT-1 to CAT-3, the average number of items also increased substantially, from about 13 items for
CAT-1 sessions, to 17 for CAT-2 sessions, to 37 items for CAT-3 sessions. For some test takers in CAT-1, as
few as seven items were sufficient, while for others in CAT-3, as many as 127 items, namely the entire CAT
item pool in this study, were insufficient.



TABLE 4
Comparison of number of items selected by CAT sessions

N Mean STD Minimum  Medium  Maximum Range
CAT-1 968 12.92 5.63 7 12 56 49
CAT-2 968 17.08 5.77 9 16 72 63
CAT-3 966 36.74 9.05 21 35 127 106

What kind of test takers took as many as 127 items for their CAT-3 session? Table 5 shows that four test
takers used up the entire item pool—three had extremely low-ability estimates, while one had an extremely
high-ability estimate. The reason these four test takers used up all the items is that the limited CAT item
pool of 127 items used in this study did not have sufficient items for their extremely high- or low-ability
ranges. Instead of optimal items, suboptimal items were used for their ability ranges and the predetermined
accuracy level could never be reached.

TABLE 5

Summary of the test takers who took 127 items in CAT-3

Parameter N Mean STD Minimum
1 24 -3.32 -3.22 127

2 24 -2.99 -2.94 127

3 26 -3.32 -3.25 127

4 123 3.31 3.28 127

As far as item exposure is concerned, Table 6 shows that some items were used for every test taker, while
other items were used a few times. The most frequently used items were those used to initiate CAT sessions,
because all CAT sessions started from the same place— -0.25, as stated earlier. No specific explanation can
be offered for the most infrequently used items. Unlike previous studies, no consistent correlation has been
found between the item use frequencies and the magnitude of item information, probably due to the limited
size of the item pool.

TABLE 6

Comparison of item use frequency

Parameter N Mean STD Minimum  Medium = Maximum Range

CAT-1 127 98.50 137.18 2 65 968 966

CAT-2 127 130.00 136.79 7 95 968 961

CAT-3 127 281.45 128.18 19 277 968 949
Conclusion

As the first simulation project to employ real test taker responses, this study has obtained two major findings
concerning realistic CAT simulations in the context of the LSAT. First, it has shown that it is possible to
conduct CAT sessions using 127 items from one P & P LSAT administration, especially at the precision level
of SEM equal to 0.316 or reliability of 0.90. Even at the high precision level of SEM of 0.173 or reliability level
of 0.97, 127 items are sufficient except for four test takers. However, estimation difficulties did occur for test
takers of extremely high or low abilities, because the current item pool does not contain enough items that
are sufficient to cover the extreme ranges. The second finding is that the precision level of SEM equal to
0.173 or reliability of 0.97 seems to be necessary in order to produce CAT ability estimates that are
sufficiently close to their P & P ability counterparts. This is especially true if the item pool is limited in size
or short of highly informative items (items with high a2 parameters) across the entire ability range.



The shortcoming of this study is due to the practical limitation of real responses; only 127 items were used,
not enough to provide optimal information for the entire ability range. As a result, for some test takers,
fewer items could have been used if more optimal items had been available.

In order to overcome the limitation of the small number of items, the authors plan, for future research, to
increase the number of items by pooling items from different LSAT administrations and linking test taker
responses of similar abilities. The increased item pool will make it possible to assess the SEM of CAT ability
estimates by repeated CAT sessions for each test taker through random selections of items. The SEM of CAT
ability estimates is a vital mathematical property for statistical inferences. With the increased item pool and
random item selection, the authors will also investigate the effects of content constraints, conditional
exposure rates of items and item types, and similarities and differences of the CAT ability estimates between
using real and simulated test taker responses.

The advent of CAT has offered more efficiency and accessibility to test takers. However, CAT also poses
various new challenges, one of which is the adequacy of simulations that lead to actual operational CAT
programs. Real test taker responses automatically contain all the cognitive, psychological, and behavioral
factors that underlie test taker responses but are missing in simulated data. It is fair to say that virtually
all existing CAT programs that are currently in operation have been based on simulated responses. They may
have defects, some of which may be very serious and can be partially attributed to unrealistic simulations
during their developmental stages. The solution to avoid such potential problems may very well lie in
research designs that employ realistic simulations. It is hoped that this study will stimulate more research
that employs more realistic simulations, ultimately producing more stable CAT programs.
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