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Comparability of Paper-and-Pencil Tests and Computer-
Based Tests in Terms of Distributions of Completion Time
and Score

Mamoru Fujiyoshi*
Akio Fujiyoshi**
Tomoichi Ishizuka*

Abstract

This experimental study was conducted to assess the comparability of conventional paper-and-pencil tests
and the computer-based tests which were developed in 1995. The assessment was to compare the distributions
of completion time (time needed to complete test items) and score on the two test media used for Japanese,
Mathematics and English tests in the National Center Test for University Admissions. The computer-based test
was designed to simulate the conventional paper-and-pencil test as faithfully as possible. It employed a pen
computer. A paper-and-pencil test sheet was displayed on the computer screen, with the pencil being replaced
by the electronic pen. '

The comparability of distributions of completion time and score was experimentally assessed in 1996. As
the subject groups to whom administered the paper-and-pencil and computer-based tests were administered,
were different, it was unclear as to whether the cause of the significant difference noted in scores for Japanese
was due to the difference in the test media, or to the difference between the two subject groups.

This experimental assessment employed a Latin-square design, and both subject groups were
simultaneously administered tests on the two test media to minimize the effects of difference between subject
groups. It was concluded that the distributions of completion time and score for the paper-and-pencil tests and
the computer-based tests were comparable.

Key Words :  paper-and-pencil test, computer-based test, item cumulative time-completion rate curve, item
cumulative time-score rate curve, National Center Test for University Admissions

simulate the answering process of the PPT of the
1 Introduction National Center Test for University Admissions

using optical readable marking sheets as faithfully as

This experimental assessment was conducted for
the purposes of investigating the comparability of
distributions of completion time (time needed to
complete test items) and score measured by the
conventional paper-and-pencil test (PPT) and the
computer-based test (CBT) developed in 1995.
Employing a pen computer, the CBT was designed to

possible (Fujiyoshi & Ishizuka, 1996). The PPT
sheet was displayed on the computer screen, with the
pencil being replaced by the electronic pen.

The results of the experimental assessment in
1996 suggested that we should
experimental methodology needed improvement.

improve the

The distributions of completion time and score for

* Research Division, The National Center for University Entrance Examinations

** Faculty of Engineering, Ibaraki University
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Japanese, Mathematics, and English tests in the
National Center Test for University Admissions
differed minimally between the PPT and the CBT,
however it was only for Japanese tests that the mean
score for the CBT was significantly lower than that
for the PPT (Fujiyoshi & Ishizuka, 1996). Since the
PPT subject group and the CBT subject group were
different, it was unclear as to whether the cause of
this significant difference was related to the
difference in the two test media, or to the difference
between the two subject groups.

This new experimental assessment employed a
Latin-square design, that is, both subject groups were
simultaneously administered the tests on the two test
media to eliminate the effects of difference between
subject groups, in order to figure out the problems in
the previous assessment. The Latin-square design is
considered to be one of the most precise
experimental designs to detect effects of test media.
Mazzeo et al. used a single-group counterbalanced
equating design and investigated the comparability
of scores from the PPTs and the CBTs of the
(CLEP)
General Examinations in Mathematics and English
Composition (Mazzeo, Druesne, Raffeld, Checkétts,
&  Mubhlstein, 1992). The
counterbalanced equating design is the same as the

College-Level Examination Program

single-group

design II of the six designs for test equating
proposed by Angoff (1971). In general, for a given
sample size, greater precision is obtained from this
design than from random groups or anchor-test
designs (Mazzeo et al, 1992). The Latin-square
design is similar to the single-group counterbalanced
equating  design. For  the single-group
counterbalanced equating design, the difficulty of
test sets should be equated in advance, However, it is
not necessary for the Latin-square design.

distributions of
completion time and test score for the PPTs and the

In order to compare the

CBTs, item cumulative time-completion rate curves
and item cumulative time-score rate curves were
newly defined (see Appendix) and employed in this
study.

2 The CBT

The CBT was designed to simulate the PPTs by
employing the optical readable marking sheets as
used in the National Center Test as faithfully as
possible. Pen computers (Amity SV) supplied by
Mitsubishi Electric Corporation were employed in
the research. The computers are of light-weight
design, 29.6 cm long, 22.8 cm wide and 2.54 cm
thick. The upper face of the computer is equipped
with a 16-gray scale monochrome liquid crystal
display, which is 20.6 cm long and 15.5 cm wide.
Resolution of the display is 768 X 1024 pixels.

An electronic pen is used as an input device. The
position of the tip of the pen and the status of the
switches on its tip and side, are detected whenever
the pen is touched on the display. Data may therefore
be entered by simply touching the pen on the display.

Software was written in Visual BASIC Ver. 2.0
(Microsoft Corporation), and run under MS
Windows Ver. 3.1 (Microsoft Corporation). Figure 1
shows the first question screen of the Mathematics
test. Notes have been handwritten on the screen.

The procedure of the CBT is similar to the PPT
in that all questions may be answered using a single
electronic pen. Questions on any page may be
displayed on the screen as required, as well as any
notes handwritten on the screen, and answers can be
entered in the electronic marking sheet field on the
screen—all functions performed with the electronic
pen. Questions may be reviewed as often as
necessary, and answers can be corrected as required.

Recording of the answering process is fully
automated. Each time a page is turned over, the page
number and time are recorded automatically on the
internal hard disk drive. Each time the elecironic pen
is touched on a marking sheet field the item number,
choice number and time are recorded. The score is
also recorded if the answer is correct.
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The Pen Computer Screen of the Computer-Based Test for Mathematics t-Test
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3 Experimental Assessment
3.1 Purpose

The purpose of this assessment was to investigate
the comparability of the conventional PPTs and the
CBTs in terms of the distributions of completion
time and score in the National Center Test for
University Admissions. The assessment used the
Latin-square design to resolve
methodology revealed in the previous assessment in
1996 (Fujiyoshi & Ishizuka, 1996).

problems of

3.2 Method

Due to the nature of the tests it is necessary to
preclude the same subjects being administered the
same questions on both of the two test media. A 2 X
2 Latin-square design using 16 repeats was

employed. Table 1 shows the design plan.

Table 1
The Experimental Plan of Latin-Square Design
Subject Group
Group 1 Group 2
Computer-
Test Based Test Test Set A Test Set B
Media Paper-and-
Pencil Test Test Set B Test Set A

The factors in the experiment were the two levels
of test media (PPT and CBT), the two levels of
subject groups (group 1 and group 2), and the two
levels of test sets (set A and set B).

The test media factor was the two levels of the
PPT and the CBT. The questions for the PPT were
presented in a conventional booklet format. In that
the use of video recording method required
considerable time and effort in reading the test data
(Fujiyoshi & Ishizuka, 1996), answers were recorded
automatically using the electronic marking sheet
system developed from the electronic marking sheet
portion of the CBT.

Subjects were 32 first year university students,
entering university in 1996, and having taken the
National Center Test for University Admissions in
Japanese, Mathematics and English.

The test sets used in the experiment consisted of
set A and set B for each of the Japanese,
Mathematics and English exams, and were prepared
from questions previously used in the National
Center Test. The number of questions in each test set
was approximately equivalent to the amount of
material for 40 minutes of the National Center Test.

Each cell of the Latin-square design contained
two additional factors in the experiment. The
university department factor consisted of two levels,
literature and natural sciences, and the administration
order factor consisted of the two levels, PPT-first
and CBT-first administrations. Male and female
subjects were approximately equal in number.

The test started with
instructions, after which the subjects answered test

procedure issuing
questions in accordance with the work-limit method.
A time limit was not required.

3.3 Results
3.3.1

ANOVA of Effects of Test Media on the
Completion Time and the Test Scores

The three factors in the Latin-square design for
the eXperiment were analyzed by ANOVA to
determine their effects on completion time and score.
The results of ANOVA for completion time of the
tests are shown in Table 2. The results of ANOVA
for test scores are shown in Table 3.

The distributions of completion time for the PPTs
and the CBTs were approximately the same for
Japanese, ‘Mathematics and English. Box-and-
whisker plots representing distribution of completion
time of the tests are shown in Figure 2. The '+
symbols shown in the box-and-whisker plots
represent the mean of a distribution.
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Table 2
The Result of ANOVA for the Effects of Test Media,
Subject Groups and Test Sets on the Completion Time of Tests
Subject Area Source DF Sum of Squares Mean Square F Value p<
Test Media 1 2.24 2.24 0.04
Subject Group 1 20.95 20.95 0.35
Japanese Test Set 1 22.33 22.33 0.38
Error 60 3551.61 59.19
Corrected Total 63 3597.13
Test Media 1 14.29 14.29 0.13
Subject Group 1 301.02 301.02 2.77
Mathematics Test Set 1 2224.07 2224.07 2043 .001
Error » 60 6531.54 108.86
Corrected Total 63 9070.92
Test Media 1 129.11 129.11 1.32
Subject Group 1 5.48 5.48 0.06
English Test Set 1 1003.62 1003.62 10.28 .01
Error 60 5859.93 97.67
Corrected Total 63 6998.13
Table3
The Result of ANOVA for the Effects of Test Media, Subject Groups
and Test Sets on the Test Scores
Subject Area Source DF Sum of Squares Mean Square F Value p<
Test Media 1 121.76 121.76 0.74
Subject Group 1 313.33 313.33 1.91
Japanese Test Set 1 90.12 90.12 0.55
Error 60 9851.37 164.19
Corrected Total 63 10376.59
Test Media 1 6.10 6.10 0.01
Subject Group 1 23.47 23.41 0.05
Mathematics Test Set 1 4281.77 4281.77 9.92
Error 60 25910.81 431.85
Corrected Total 63 30222.09
Test Media 1 965.80 965.80 6.20 .05
Subject Group 1 776.12 776.12 498 .05
English Test Set 1 2.60 2.60 0.02
Error 60 9349.37 155.82
Corrected Total 63 11093.88
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The Box-and-Whisker Plots of the Distributions of Completion Time

As shown in Table 2, the results of ANOVA for
completion time indicate that the main effects of the
test media factor on completion time were mnot
significant for all three subject areas. Furthermore,
the main effects of the subject group factor were not
significant. However, the main effects of the test set
factor were recognized as significant for
Mathematics and English.

The distributions of score for the PPTs and the
CBTs were approximately the same for Japanese and
Mathematics, however, for English the score
distribution for the CBT was slightly higher than that
for the PPT. Box-and-whisker plots representing
score distributions for the three subject areas are
shown in Figure 3.

As shown in Table 3, the results of ANOVA for
test scores indicate that the main effect of the test
media factor on score was not significant for

Japanese and Mathematics but was for English. As

with the test media factor, the main effect of the
subject group factor was significant only for English.
The main effect of the test set factor was not
significant for Japanese and English but was for
Mathematics.

3.3.2 The Results of t-Test for Order of
Administration

The paired t-tests were conducted to investigate
the effects of order of administration of the tests on
the completion time and score. The results of t-test
for distributions of completion time for the three
subject areas are shown in Table 4. The results of t-
test for score distributions for the three subject areas
are shown in Table 5. The total group of 32 subjects
took the first test, followed by the second test. Half
of the subjects were assigned to the CBT-first group,
and were administered the first test as a CBT, then
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Figure 3
The Box-and-Whisker Plots of the Distributions of Score

were administered the second test as a PPT. The
remaining 16 subjects were assigned to the PPT-first
group, being given administered the first test as a
PPT, then were administered the second test as a
CBT. Table 4 shows the mean and standard deviation
of the completion time for the first test, those for the
second test, those for the differences of the first and
second test, the t value, and the level of significance.
Each row is partitioned into the total group, the PPT-
first group, and the CBT-first group. Table 5 shows
the mean and standard deviation of score for the first
test, those for the second test, those for the
differences of the first and second test, the t value,
and the level of significance. Each row is partitioned
into the total group, the PPT-first group, and the
CBT-first group.

For the distributions of completion time, there

was a common tendency that the means for
completion time for the second test were relatively
smaller than those for the first test in all three subject
areas for the total group, the CBT-first group and the
PPT-first group. Especially, there was a significant
difference in the subject area of Japanese for the total
group.

The mean of completion time for the total group
was slightly larger for the first test than for the
second test for all three subject areas. The means of
the differences in completion time were 4.40 minutes
for Japanese, 3.02 minutes for Mathematics and 3.70
minutes for English. The results of t-test showed no
significant differences for Mathematics and English,
but there was a significant difference for Japanese.

The means of completion time for the CBT-first
group were the same as those of the total group. The
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Table 4
The Result of t-Test for the Effects of Administration Order of the
Tests on the Distributions of Completion Time

Subject Area Japanese Mathematics English
PPT- CBT- PPT-  CBI- PPT- _ CBI-
T‘Zt;r‘fm First  First Tgﬁlu Fist  Fit & Fist  Finst

P Group Group P Group Group P Group Group

Number 2 16 16 32 16 16 32 16 16
First Mean 3875  37.38 4012 43.00 4238  43.63 4526  46.19  44.33
Test SD 798 757 8.38 1333 1323 13.83 1124  13.14 9.31
Second Mean 3435 3261 36.09 3099 4031 3966  41.56  39.65 4347
Test SD 6.51 6.35 6.40 1050 1072 10.62 9.61 881 1027
Difference  Mean 440 478 4.03 3.02 2.07 3.96 3.70 6.54 0.86
Herence  qpy 945  10.53 857 2072 2013 21091 1475 1315 16.12
t value 2.63 1.81 1.88 0.82 0.41 0.72 1.42 1.99 021

p< 05
Table 5

The Result of t-Test for the Effects of Administration Order of the

Tests on the Distributions of Score

Subject Area Japanese Mathematics English
PPT- CBT- PPT- CBT- PPT- CBT-
T(éi:)u First First T((;;?)L First First Tg;ilu First First

P Group Group P Group Group P Group Group

Number 32 16 16 32 16 16 32 16 16
First Mean 58.46 58.30 58.62 50.64 44.93 56.35 54.03 56.99 51.08
Test SD 11.70 6.35 10.98 22.03 24.14 18.73 12.00 13.31 10.10
Second Mean 54.66 57.26 52.06 4899  43.90 54.08 55.68 50.86 60.50
Test SD 13.80 13.09 14.42 22.10 21.09 22.57 14.57 16.29 11.14
Difference Mean 3.80 1.04 6.56 1.65 1.03 2.26 -1.65 6.12 -9.42
‘ SD 11.90 10.59 12.82 23.55 21.32 26.28 14.50 13.84 10.69
t value . 1.81 0.39 2.05 0.40 0.19 0.34 -0.64 1.77 -3.52
p< .01

means were slightly larger for the CBT (first test)
than for the PPT (second test) for all three subject
areas. The means of the differences of completion
time were 4.78 minutes for Japanese, 2.07 minutes
for Mathematics and 6.54 minutes for English. The
results of t-test showed no significant differences for
all three subject areas, however, the t values for
Japanese and English were considerably high.

" The means of completion time for the PPT-first

group were slightly larger for the PPT (first test) than
for the CBT (second test) for all three subject areas.
This tendency is similar to that of the total group and
the CBT-first group. The means of the differences in
completion time were 4.03 minutes for Japanese,
3.96 minutes for Mathematics and 0.86 minutes for
English. The results of the t-test showed mno
significant differences for all three subject areas.

On the other hand, for the distributions of score,
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there was a tendency that the mean of score for the
second test was approximately the same as that for
the first test in Japanese and Mathematics, and lower
than that for the first test in English.

The means of score for the first test and the
second test were almost the same for all three subject
areas for the total group. The means of the
differences in score were 3.80 points for Japanese,
1.65 points for Mathematics and -1.65 points for
English. The results of the t-test showed no
significant differences for all three subject areas.

For the CBT-first group, the mean of score for
the CBT was similar to that of the PPT in Japanese
and Mathematics, and was considerably higher than
that of PPT in English. The means for the differences
in score were 1.04 points for Japanese, 1.03 points
for Mathematics and 6.12 points for English. The
results of the t-test showed no significant differences
for all three subject areas.

For the PPT-first group, The means of score for
the PPT (first test) were slightly higher than those for
the CBT (second test) in Japanese and Mathematics,
whereas the mean of score for the CBT (second test)
in English was significantly higher. The means of the
differences in score were 6.56 points for Japanese,
2.26 points for Mathematics and -9.42 points for
English.

The distribution of score for the CBT in English
was considerably higher than that for the PPT,
irrespective of the order of administration. A
significant difference was noted in the distributions
of score for the PPT-first group.

3.3.3 Comparisons Using ltem Cumulative
Time-Completion Rate Curves

Item cumulative time-completion rate curves
were newly developed to provide more detailed
comparisons of distributions of completion time for
the PPTs and the CBTs. An item cumulative time-
completion rate curve is a set of points on a
coordinate system, with time needed to complete the
items on the horizontal axis and the relative
cumulative frequency of items answered within the
time on the vertical axis (see Appendix for the
detailed definition). The item cumulative time-
completion rate curves for the two test media for
Japanese, Mathematics and English are shown in
Figure 4. The bold lines relate to PPTs, and the thin
lines relate to the CBTs.

The time-completion rate curves for both test
media approximated each other for all three subject
areas. The curve for the PPT in Japanese is slightly
higher than that for the CBT, however the two curves
are matched over most of the range. In contrast, the
curve for the CBT in Mathematics is higher than that
for the PPT, but the two curves are parallel over most
of the range. The two curves for English are very
closely matched, where curves for the CBT is
overlapped by the curve for the PPT.

The item cumulative time-completion rate curves
were plotted for a large number of points and
consequently are very smooth. Table 6 shows the
total number of points plotted from the test data of
32 subjects and the mean number of points for a
subject on both curves.

Table 6
The Total Number of Points and the Mean Number of Points for
One Subject on the Item Cumulative Time-Completion Rate Curves

Paper-and-Pencil Test Computer-Based Test
Subject Area Total Number of Mean Number of Points ~ Total Number of ~ Mean Number of Points for
Points for One Subject Points One Subject
Japanese 1220 38.1 1220 38.1
Mathematics 3542 ’ 110.7 3753 117.3
English 6217 1943 6293 196.7
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The Item Cumulative Time-Completion Rate Curves for thePaper-and-Pencil and Computer-Based Tests
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The Item Cumulative Time-Score Rate Curves for the Paper-and-Pencil and Computer-Based Tests
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3.3.4 Comparisons Using ltem Cumulative
Time-score Rate Curves

Item cumulative time-score rate curves were
newly developed to provide a more detailed
comparison of score distributions for the PPTs and
the CBTs. An item cumulative time-score rate curve
is a set of points on coordinate system with time
needed to complete an item on the horizontal axis
and the relative cumulative score of items answered
within the time on the vertical axis (see Appendix for
the detailed definition). The item cumulative time-
score rate curves for the two test media for the three
subject areas are shown in Figure 5. The bold lines
relate to the PPTs, and the thin lines relate to the

CBTs.

The item cumulative time-score rate curves for
the PPT and the CBT match well for Japanese,
Mathematics and English. Although a significant
difference was apparent between the both means of
score for English, the item cumulative time-score
rate curves for the PPT and CBT are collinear over
most of the range.

The item cumulative time-score rate curves were
plotted for a large number of points and are
consequently very smooth. Table 7 shows the total
number of points plotted from the test data for 32
subjects and the mean number of points for a subject
on both curves. ‘

Table 7
The Total Number of Points and the Mean Number of Points for

One Subject on the Item Cumulative Time-Score Rate Curves

Paper-and-Pencil Test Computer-Based Test
Subject Area Total Number of Mean Number of Points Total Number of ~ Mean Number of Points for
Points for One Subject Points One Subject
Japanese 777 24.3 742 232
Mathematics 1474 46.1 1520 47.5
English 2676 83.6 2751 86.0

3.4 Discussion

It was found in the results of this experimental
study that the distributions of completion time and
score of the PPT and the CBT generally
approximated each other for Japanese, Mathematics
-and English tests in the National Center Test for
University Admissions but the English score
distribution for the CBTs was slightly higher than
that for the PPTs. In the results of ANOVA, except
for English score, no significant main effects due to
test media were apparent on completion time and
score for the three subject areas (see Table 2 and
Table 3). The item cumulative time-completion rate
curves for the PPT and the CBT approximated each
other for all three subject areas (see Figure 4). The
item cumulative time-score rate curves were also
very well matched for all three subject areas (see

Figure 5). Therefore, the distributions of completion
time and score for the two test media will be
comparable for all three subject areas if the English
score distribution for the CBT is equated to that for
the PPT.

We hope to examine the causes of the significant
effects of the test media found only on the scores for
the English tests in the future. For English

1) the score distribution for the CBT was higher
than that for the PPT

2) ANOVA revealed the significant main effect of
the test media on score (see Table 3), and

3) the mean of score of the CBT was significantly
higher than of the PPT in the PPT-first group (Table
5).

In the results of this study, no significant
difference was found for the score of Japanese tests.
The significant main effect of test media on the score
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for Japanese tests in the previous study (Fujiyoshi &
Ishizuka, 1996) seems to be caused by the problems
of the previous experimental design which is similar
to the design I (Angoff, 1971). Thus the significant
main effect was not necessarily related to the
differences of the two test media, such as differences
of legibility for the test booklet and the computer
screen, as well as the ease of turning over pages for
the PPTs and the CBTs.

We found a general tendency on the effects of
order of administration of the tests. The means of the
completion time for the second tests were smaller
than those for the first tests (see Table 4), and the
means of the score for the second tests were slightly
lower than those for the first tests except for English
(see Table 5). :

The mean of completion time of the second test
for the total group for Japanese was significantly
smaller than of the first test (see Table 4). This is
believed to be due to the behavior of subjects in the
exceptional situation of the experiment. As the
Japanese tests were administered at very end of the
experiment session, subjects who completed the test
early for Japanese were able to leave the room and
return home immediately. Therefore some subjects
obviously tended to leave early and it is thought that
this affected the completion time of the test.

The item cumulative time-completion rate curves
and item cumulative time-score rate curves were
newly developed for this research as a means of
directly comparing the distributions of completion
time and score for the PPTs and the CBTs
graphically (see Appendix). The item cumulative
time-completion rate curves were created from the
distribution of the single factor of completion time.
On the other hand, the item cumulative time-score
rate curves were created from distributions of the
two factors of completion time and score. The item
cumulative time-completion rate curves and the item
cumulative time-score rate curves are notably
smooth and stable, even with small numbers of
subjects (see Figure 4 and Figure 5). The numbers of
points used in plotting the cumulative item time-

completion rate curves are a few hundred times
greater than the numbers of points required for the
group learning response curves (Fujita, 1975,
Fujiyoshi, 1997, 2000) (see Table 6), and the
numbers of points on the item cumulative time-score
rate curves are a few ten times greater than the
numbers of points required for the time-score rate
curves (Fujiyoshi, 1999, 2000) (see Table 7). The
optimal distribution function fitted to these curves is
under consideration. The Weibull
distribution function does not always fit to these
2000), though it has been
appropriate for the group learning response curves

currently

curves (Fujiyoshi,

and time-score rate curves (Fujita, 1975; Fujiyoshi,
1997, 1999, 2000; Fujiyoshi & Ishizuka, 1996).

4 Conclusion

It was concluded from the results of this study
that the distributions of completion time and score
for the PPT and the CBT generally approximated
each other for the Japanese, Mathematics and
English tests in the National Center Test for
University Admissions. The distributions for both
test media will be comparable if the English score
distribution for the CBT is equated to that for the
PPT. As Bunderson et al. pointed out (Bunderson,
Inouye & Olsen, 1989), lincar CBTs were intended
to serve the same purposes as their PPTs. Therefore,
a key issue was the comparability of scores obtained
on CBTs and PPTs of the same tests. Can the scores
from the two test media be used interchangeably to
make academic decisions? In the result of this study,
except for the English score distributions, the results
of ANOVA and t-test showed that there were no
significant differences in the amounts of completion
time and test scores for both test media for all three
subject areas.

This assessment marked the first use of the
notions of the item cumulative time-completion rate
curves and the item cumulative time-score rate
curves to compare the distributions for both test
media. The shapes of curves for the two test media
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were found to approximate each other.

The use of this CBT opens up possibilities of
research into the answering process of PPTs. The
conventional video recording method requires
considerably much time and effort to collect the test
data of the answering process, and has proved to be
an obstacle to research into the answering process of
PPTs. For the purpose, employing a pen computer,
the CBT system was developed and designed to
simulate conventional PPTs as faithfully as possible.
The use of the CBTs allowed antomated collection of
all test data, and enabled to estimate the answering
process of PPTs from test data collected by the CBTs.

The development of this CBT resolved the
problems of the user interface in previous CBTs (Lee,
1986; Mazzeo et al, 1992). The use of the pen
computers allows the user to add handwritten notes
to the computer screen while answering questions,
and to touch the marking sheet field on the screen
with the electronic pen to answer questions directly.
In comparison to indirectly operated pointing devices
such as a mouse and a touch-pad, the pen computer
considerably enhances simplicity of operations. The
computer version of TOEFL (Test of Engﬁsh for
Foreign Language) has employed a mouse and a
keyboard and required the training of computer
tutorial before testing (Eignor, Tailor, Kirsch &
Jamieson, 1998; Kirsch, Jamieson, Tailor & Eignor,
1998; Tailor, Jamieson, Eignor & Kirsch, 1998). The
results of the survey of questionnaire about this CBT
system showed that the students who were
administered the test (ie. first year university
students) accepted the CBTs positively. The ease of
reviewing the page on the screen and of using the
electronic pen were evaluated as being similar to that
for the conventional PPTs employing marking sheets
(Fujiyoshi, 2000; Fujiyoshi & Ishizuka, 1996).

The comparability of distributions of completion
time and score for the two test media is not a simple
matter of comparing distributions in terms of means,
dispersions and shapes; it is also necessary to
compare the rank orders of subjects according to the
Guidelines for CBT and Interpretations of American

Psychological Association (Mazzeo et al, 1992). The
use of the Latin-square design in this experimental
assessment precluded a comparison of the rank
and it is hoped that an
investigation of equating by information on the rank

orders of subjects,
orders of subjects will be conducted in the future.

Appendix. The Definitions of ltem
Cumulative Time-Completion Rate
Curves and ltem Cumulative Time-Score
Rate Curves

Item cumulative time-completion rate curves and
item cumulative time-score rate curves are defined as
follows.

Suppose that there are n subjects (subject,
subject,,..., subject,) and m items (item,, item,,...,
item,,). For each item,, item,,..., item,, suppose also
that the score of item; is score;.

Definition A.1 Let f; be the time that subject,
completed item;. If subject; didn't answer item;, let ;,
=00 Lett bemax{ ;| 1=i=n, 15/=m, 1,7},
Let c,; be an integer such that if subject; answered
item; correctly, ¢;; = 1, otherwise ¢;; = 0.
Definition A.2 The item completion function for
subject; and item,, IC,; is a function such that if £ <1z, ,
then IC, (#) = 0, else if £;;=¢, then IC, (9) = 1.
Definition A.3 The item cumulative time-completion
function for subject,, ICTC, is defined as follows.
ICTC, (=) IC, ()
J=1
The item cumulative time-score function for subject,,
ICTS, is defined as follows.
ICTS, () = Z c,;score; - 1C, . (¥)
j=1
Definition A.4 The item cumulative time-completion
rate function ICTCR is defined as follows.
ICTCR(#) = ) ICTC,(t) / Y, ICTC,(t,,)
i=1 i=1
The item cumulative time-score rate function ICTSR
is defined as follows.
ICTSR(#)= > ICTS,(t) / Y. ICTS, (1)

i=1 i=1
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Definition A.S An item cumulative time-completion
rate curve is a set of points on coordinate system
with time ¢ on the horizontal axis and value of item
cumulative time-completion rate ICTCR(f) on the
vertical axis. An item cumulative time-score rate
curve is a set of points on coordinate system with
time ¢ on the horizontal axis and value of item
cumulative time-score rate ICTSR(?) on the vertical
axis.
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