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Progress Test generated from the original calibration of the Rasch model where all items

. " were included. After Rasch analysis, a unidimensional PT item bank consisting
Medical Education, of 103 items was obtained. The item bank reliability was calculated as 0.77
Item Bank Development with Person Separation Index (PSI) and Kuder-Richardson Formula 20 (KR-
20). A high correlation between 0 estimations obtained from paper-and-pencil
(BRM) and CAT applications (8car) was detected for simulation conditions
([N(0,1)] and [N(0,3)]) at the end of our analysis. In CAT, estimation can be
made with an average of 14 questions (reduced 86,4%) and 17 questions
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1. INTRODUCTION

A Progress Test (PT) is a type of assessment that simultaneously measures the ability levels of
all students in a certain educational program and their progress over time during that program
by providing them with the same questions and repeating the process at regular intervals with
parallel tests (Freeman, 2010). Following a blueprint geared toward the cognitive learning
objectives anticipated at the end of the curriculum, a question sample that is representative of
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all the disciplines and content areas is used in the PT. Due to its contributions to education, PT
is used in medical education worldwide, however it has numerous drawbacks as it demands lots
of manual effort from the human resources based on the time needed for its preparation, the
implementation itself, and evaluation of the results. It also consists of numerous questions,
making it a less attractive method for students as it results in their exhaustion (Wrigley. 2012).
Implementing PT with the Computerized Adaptive Testing (CAT) method would cut down on
the time and human effort needed in the evaluation of medical knowledge as it helps limit the
number of items. This also reduces the bulkiness of the process and in turn the negative feelings
associated with it.

Purpose of the study; this study aims to develop an item bank for the PT used by the Ankara
University School of Medicine (AUSM) and to investigate the capability of CAT for evaluating
the medical knowledge in AUSM students

2. METHOD

Sample/Working Group/Participants

This study is a descriptive study. PT is a component of the evaluation system in AUSM.
Participants volunteered for PT and received bonus points on their final examinations. The data
used for this study was obtained from the results of a PT taken in the 2010-2011 academic year.
One thousand two hundred six medical students participated in the PT in grades 1-5 at the
AUSM (89.7% of the total) in 2011.

Data Collection Instruments/Data Collection Methods/Data Collection Techniques

The study was divided into two phases: (i) the development of an item bank using a
dichotomous Rasch model; (ii) a simulation study to investigate the performance of CAT
application with stopping rules of various standard errors or reliability values; and examination
of agreement between ability estimates derived from simulated CAT (6cat) application and
ability estimates from the Rasch model (Orm) derived from all the items included in the original
calibration.

2.1.1. Development of item bank

The PT consisted of “200 multiple-choice questions in single best answer format”. Items within
each test were classified and matched to the blueprint. The most important component of a CAT
is an Item Response Theory (IRT)-based unidimensional and calibrated item bank (Abberger,
2013; Wright & Bell, 1984). To develop an item bank, all 200 items in the chosen PT were
considered as candidate items. The first stage of the study, an IRT model, was constructed while
examination of the psychometric characteristics of the item bank.

2.1.2. IRT model selection

One of the main models of IRT, the Rasch model, produces two different estimates; “the latent
trait person estimates” which are independent of the population distribution, and the “item
difficulty estimates” which are independent of the person’s ability (Andrich, 1988).
Examination of the psychometric properties of the item bank and estimation of item parameters,
the Rasch model for dichotomous items was performed using the RUMM 2020 software
(Andrich, 2003).

To determine the observed data to fit in the Rasch model, numerous statistical processes are
used. In this respect, the Rasch analysis included the following steps in this study:

« Distractor analysis

 Unidimensionality and local independence
* Iltem-model fit

« Invariance of item parameters
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« Differential item functioning (DIF)
« Internal consistency reliability of the item bank (Person Separation Index-[PSI] and
Kuder-Richardson 20 [KR-20])

2.1.3.Distractor Analysis

A Distractor Analysis examines the distractor curves’ trend consistent with the Item
Characteristics Curve (ICC). As the ability level of the student increases, the correct distractor
should follow the general shape of the ICC. Students with higher ability level will likely choose
the correct distractor, while the probability value of the other distractors will decrease. Prior to
item calibration, item analysis was performed to identify potential item problems by Rasch for
dichotomous data (Andrich, 2003).

2.1.4.Unidimensionality and local independence

Items to be entered into the item bank were also required to meet unidimensionality and local
independence assumptions. Unidimensionality means that all items the test is composed of
measure only a single construct.

In this study Principle Component Analysis (PCA) of residuals obtained from the Rasch model
was used to examine the unidimensionality assumption. In PCA analysis, if there is no
meaningful pattern in the residuals, then it is concluded that the unidimensionality assumption
is met. PCA of residuals comprised an item residual correlation matrix. Through this matrix,
the correlation between the items and the first residual factor are examined to identify two
subsets of items (the positively and negatively correlated items). Difference between the each
person estimate obtained from these positively and negatively correlated item sets is compared
by independent t-tests. To meet the unidimensionality assumption, the percentage of tests
outside the range #1.96 should not to exceed 5% of total number of tests (Elhan, 2010; Pallant
& Tennant, 2007; Tennant & Pallant, 2006).

2.1.5. Test of fit to the model

“Rasch item fit” statistics showed how accurately the test data fit the Rasch measurement model
(Linacre, 2000). Overall quality of fit for Rasch models was measured regarding the following:

» Overall item fit statistic
« Overall person fit statistics
« [tem-trait interaction

Overall item and overall person fit statistics transformed to a z-score. If the items and person
data meet the model expectation, it is anticipate that the mean will be approximately zero and
the standard deviation will be one.

Other fit statistic which is applies in this study is an item-trait interaction statistic. This statistic
is reported as a chi-square and showed the characteristic of invariance across the trait. A non-
significant chi-square indicates that the hierarchical ordering of the items do not vary across the
trait, denoting the requirement of invariance is met.

Further to these overall summary fit statistics, individual item fit statistics and person fit
statistics were applied by using residuals and chi-square statistics. In the individual item fit
statistics and person fit statistics that are based on the standardized residuals, the computed
residual value of “z” should range between +2.5, indicating a satisfactory fit to the model.
Consequently, the tests of the individual item/person fit were also conducted based on chi-
squares. For a given item/person, several chi-squares are computed, and then these chi-square
values are totaled to give the overall chi-square for the item. If the p value calculated from the
overall chi-square is less than 0.05 (or Bonferroni adjusted value), then the item is considered
unfit for the model (Oztuna, 2008; Pallant & Tennant, 2007; Tennant & Conaghan, 2007).
Bonferroni corrections were implemented to fit statistics (Bland & Altman,1995).
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2.1.6. Differential item functioning

To be entered into the item bank, items were required to be free of differential item functioning
(DIF). The model fit is affected by item bias. DIF appears when different groups score
differently on a specific item, given the same location value of the latent trait (Andrich &
Hagquist, 2012; Hambleton, 1991; Teresi, 2000). In this study, a variance-based statistical
analysis was performed to test DIF and artificial DIF by grades by using RUMM 2020 software
(Andrich, 2003).

2.1.7.Reliability and content validity of item bank

Reliability was studied with the Person Separation Index (PSI) and Kuder-Richardson Formula
20 (KR-20). PSlI indicated whether the test discriminates students into groups according to their
ability, and a PSI of 0.7 or more evidence a fit with the Rasch model KR-20 ranged between 0
and 1, where the value of 1 indicated perfect reproducibility of person placements (Fisher, 1992;
Nunnally & Bernstein, 1994; Tavakol & Dennick, 2012). Experts from different medical
specialties and measurement and evaluation experts examined the content validity of the item
bank.

2.1.8.Simulation study to investigate the performance of CAT application and agreement
between Rasch and simulated CAT derived estimations Computerized Adaptive Testing
(CAT)
After developing the calibrated item bank, the next stage of simulated CAT application was
carried out. In CAT application, a set of questions was administered to each student according
to their ability level by using a computer package program. For this purpose, the questions in
the item bank with the median difficulty level were administered, and the program estimated
the students’ ability level (Ocat) and its standard error. After this estimation, the next most
appropriate item was selected that maximized the information for 6 estimate, and then the
program re-estimated the students’ ability level (6cat) and its standard error. The CAT
application program selected the questions for each student, according to his or her individual
performance during the test. If the predefined stopping rule was fulfilled, the assessment was
finished; if it was not fulfilled, the standard error of the given item administered and the ability
level were re-estimated until the stopping rule was met (Bjorner, 2007; Wainer, 2001).

2.1.9.Simulated CAT applications

In this study item parameters obtained from the Rasch analysis were used to derive responses
of 1000 students/simulee showing two different normal distributions with N(0:1) (mean=0,
standard deviation=1) and N(0:3) (0 mean=0, standard deviation=3) by the RUMMss
simulation software. These data were simulated to meet Rasch model expectations (Marais &
Andrich, 2007). Students’ responses generated by the simulation program were used to estimate
student ability level using all the items (8rm), While student ability levels (8cat) were estimated
by CAT application using the SmartCAT module (Oztuna, 2008; 2012).

Selection of the first question: The question with the median difficulty level in the item bank

* Ability level (0) estimation: Expectation a Posteriori (EAP) (Wang &Vispoel, 1998)
* Item selection: Maximum Likelihood Weight Information
« Stopping rule: Different standard errors levels (0.50, 0.40 and 0.30)

Estimations from the simulated CAT application (6cat) were compared with the ability levels
obtained from the Rasch analysis based on all items (6rm) in the item bank. In this procedure,
Spearman correlation coefficient, Bland-Altman limits of agreement (Bland & Altman, 1986;
1999), and Interclass Correlation Coefficient (ICC) statistics were used (Shrout & Fleiss, 1979).
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3. RESULTS

A total of 1206 students of AUSM answered 200 items of PT. Distractor analysis was conducted
on these 200 items and because of the problems such as “too obvious correct answer” and
“discordance pattern of correct answer with ICC”, 33 items were discarded from the item bank
(Figure 1). Analyses were performed on the remaining 167 items.

Table 1. Fit of "general medical knowledge” item bank to Rasch model (after rescoring)

Item No B SE Individual Item Fit Residual X2 df p

1(i1) 0.450 0.059 2.712 4047 9  0.908
2 (i2) 0.666 0.059 1.835 5.951 9 0.745
3(i) 0.161 0.060 -1.078 9.683 9 0.377
4 (i5) -0.124 0.062 1.751 10.036 9 0.348
5 (i7) -0.286 0.064 -0.627 5.949 9 0.745
6 (m8) -0.146 0.063 0.531 3.161 9 0.958
7(i9) 1.242 0.062 0.439 7.917 9 0.543
8 (i10) 0.988 0.060 1.027 14087 9  0.119
9 (i12) 0.883 0.059 1.377 7.983 9 0.536
10 (i13) 1.047 0.060 1.967 10128 9 0.340
11 (m15) -0.271 0.064 -1.685 12.958 9 0.165
12 (m19) 1.079 0.060 -0.913 10.384 9 0.320
13 (i21) -2.769 0.154 -0.364 11.385 9 0.250
14 (i22) 0.809 0.059 1.266 4,721 9 0.858
15 (i24) -0.349 0.065 1.223 15.112 9 0.088
16 (i25) -0.547 0.068 1.118 16.137 9 0.064
17 (i26) -1.334 0.085 -0.578 7.916 9 0.543
18 (i30) -0.673 0.070 0.921 14.898 9 0.094
19 (i31) 0.201 0.060 2.894 10.344 9 0.323
20 (i33) 0.039 0.061 -0.207 10.740 9 0.294
21 (i35) 0.249 0.060 3.432 20.162 9 0.017
22 (i36) 0.944 0.060 2.187 10.416 9 0.318
23 (m37) -0.281 0.064 2.182 10.786 9 0.291
24 (i39) 0.471 0.059 -1.055 6.963 9 0.641
25 (i41) -0.221 0.063 0.363 9.704 9 0.375
26 (i43) -0.747 0.071 0.290 5.509 9 0.788
27 (i44) 0.395 0.059 2411 13.970 9 0.123
28 (i45) -1.465 0.089 0.094 9.199 9 0.419
29 (i46) 0.569 0.059 1.739 7.000 9 0.637
30 (i48) -0.194 0.063 0.568 8.184 9 0.516
31 (i50) -0.686 0.070 -0.082 6.296 9 0.710
32 (i52) 0.015 0.061 1.565 11.500 9 0.243
33 (i54) 0.450 0.059 0.222 17.966 9 0.036
34 (i55) -1.791 0.101 -0.563 11.493 9 0.243
35 (i56) -0.389 0.065 -0.717 8.558 9 0.479
36 (i58) 0.050 0.061 2.614 16.004 9 0.067
37 (i59) -0.049 0.062 0.130 6.533 9 0.686
38 (i60) -0.997 0.076 -1.006 8.024 9 0.532
39 (i61) -1.450 0.089 -0.344 8.329 9 0.501
40 (i62) -0.279 0.064 -1.013 12.447 9 0.189
41 (i63) -1.157 0.080 0.307 16.995 9 0.049
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Table 1. Continues

42 (i65)
43 (i69)
44 (i70)
45 (i73)
46 (i76)
47 (i79)
48 (i87)
49 (i88)
50 (i89)
51 (M92)
52 (m102)
53 (i103)
54 (i104)
55 (i105)
56 (i106)
57 (i113)
58 (i114)
59 (i115)
60 (i116)
61 (i117)
62 (i119)
63 (i121)
64 (i122)
65 (i123)
66 (i124)
67 (i125)
68 (i128)
69 (i129)
70 (i130)
71 (i131)
72 (i133)
73 (i139)
74 (i140)
75 (i141)
76 (i142)
77 (i145)
78 (i148)
79 (i151)
80 (M155)
81 (i156)
82 (i157)
83 (i158)
84 (i160)
85 (i161)
86 (i165)
87 (i166)
88 (M171)
89 (i172)
90 (i177)

-2.064
-0.405
0.257
0.204
1.123
-0.311
-0.274
-0.940
1.415
-0.150
0.167
0.725
0.283
-1.646
1.431
-0.228
0.801
0.167
1.131
0.198
0.502
0.358
0.322
-1.127
-1.177
-0.296
-0.269
0.616
0.561
-0.765
0.743
0.191
-1.369
0.879
1.127
1.299
0.687
-0.695
-0.103
-0.649
-0.116
0.139
0.064
0.718
-0.278
0.718
0.180
-0.672
0.329

0.113
0.066
0.060
0.060
0.061
0.064
0.064
0.075
0.063
0.063
0.060
0.059
0.060
0.096
0.064
0.063
0.059
0.060
0.061
0.060
0.059
0.059
0.059
0.080
0.081
0.064
0.064
0.059
0.059
0.072
0.059
0.060
0.086
0.059
0.061
0.062
0.059
0.070
0.062
0.069
0.062
0.060
0.061
0.059
0.064
0.059
0.060
0.070
0.059

0.238
0.030
-0.040
2.389
1.872
1.186
-0.481
-0.706
0.721
-0.029
-1.330
-0.572
-1.840
-0.916
0.055
-0.738
0.885
-0.269
1.534
1.845
-1.374
0.590
-1.923
-1.039
-1.308
1.033
-1.051
2.739
0.957
-1.099
-1.062
1.022
-0.807
1.681
1.700
2.395
0.771
-0.107
0.011
-0.254
-0.003
0.490
0.884
2.828
0.167
0.650
0.138
0.355
1.157

9.990
7.078
11.881
6.662
10.796
5.011
9.212
9.410
12.853
10.393
10.783
14.471
12.909
18.944
4.844
11.141
5.515
6.465
13.360
7.156
17.268
5.691
18.530
12.310
16.593
9.038
10.836
12.926
11.488
9.396
10.213
16.195
9.810
8.408
7.514
15.809
4.412
5.019
5.553
14.803
5.754
10.426
6.378
18.111
7.022
13.473
11.755
8.026
6.059

O O© O© © © © © © © O O© © © O O© O© O© O O© O© O© O© O© O© O O© O© O© O O© OO OO OO OO OO OOoOoOoooooo

0.351
0.629
0.220
0.672
0.290
0.833
0.418
0.400
0.169
0.320
0.291
0.107
0.167
0.026
0.848
0.266
0.787
0.693
0.147
0.621
0.045
0.770
0.030
0.196
0.055
0.434
0.287
0.166
0.244
0.402
0.334
0.063
0.366
0.494
0.584
0.071
0.882
0.833
0.784
0.096
0.764
0.317
0.702
0.034
0.635
0.142
0.227
0.532
0.734
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Table 1. Continues

91 (i178)
92 (i180)
93 (i181)
94 (i182)
95 (m183)
96 (i185)
97 (i188)
98 (i191)
99 (i192)
100 (i193)
101 (i194)
102 (i195)
103 (i200)

0.494
0.209
0.653
0.104
0.376
1.341
0.159
-0.068
0.173
-0.370
-1.185
-0.888
0.696

0.059
0.060
0.059
0.061
0.059
0.063
0.060
0.062
0.060
0.065
0.081
0.074
0.059

0.572
2.800
-0.988
0.932
-1.006
0.137
-0.433
0.280
1.213
-0.896
0.159
-0.318
-1.364

6.733
11.833
6.108
8.226
10.950
14.669
10.147
2.790
11.649
14.136
6.196
7.108
11.517

O© O© © © © O O© OW OV © © © ©

0.665
0.223
0.729
0.512
0.279
0.100
0.339
0.972
0.234
0.118
0.720
0.626
0.242

B: Item Difficulty, SE: Standard Error, df= Degrees of Freedom
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Figure 1. Item analysis og item 18 (a) and 47 (b)
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3.1. Development of item bank (internal construct validity)

In order to be entered into the item bank, items were required to satisfy Rasch model
expectations, including being free of DIF and having unidimensionality and local independence.
Sixty-four of 167 items were omitted as not fitting the Rasch model. For the remaining 103
items, p values from chi-square were less than Bonferroni adjustment fit level of 0,0005
(0.05/103=0,0005). In addition, the standard residual values were within the 2.5 range. These
statistics indicated that the items fit the Rasch model (Table 1).

When the overall fit statistics were tested, it was found that the overall mean item fit residual
was 0.402 (SD 1.234) and the overall mean person fit residual was 0.008 (SD 0.893). Since
both values met this expectation, this indicated that the items and persons fit the model. The
“item-trait interaction” statistic reported that the chi-squared value was non-significant [chi-
squared = 1049.33 (0.003); given a Bonferroni adjustment fit level of 0,0005)], meaning that
the hierarchical ordering of items was invariant across the trait. DIF was tested for academic
grades of students, and it was found that all the items were DIF-free.

When the unidimensionality of the 103-item item bank was examined by PCA, there was no
pattern violating this assumption (t=%4.6; Cl %3.4-%5.7). When the assumption of local
independence was tested, there was no pair of items that had a residual correlation of 0.30 or
more. For the person-item threshold distribution, person and item locations were
logarithmically transformed and plotted on the same continuum.

Figure 2 shows person and item locations on the x-axis. Figure 2 also demonstrates that the
item bank was well targeted with the mean of the persons at 0.597 on the logit scale, and few
people were outside of the operational range of the scale. As seen in the graphic, the person
distribution (top of the figure) was well matched by the item distribution (bottom of the figure).

Person-ltem Threshold Distribution

PERSONS (Grouping Set to Interval Length of 0,20 making 30 Groups]
3063 ool - Sl - 24,9%
{ Total 12061 0,597 0,459
250
o
:3 e o e S e e L e s L = e L e R 16,6%
q 1
g L o e e e G e e 12,4%
n 1
S | ||| R e e e e R R 8.3%
4 ]
Bl fienmemnmrnnrnnnann R AR AR AR AR ; 41%
0 - . . 0.0%
-3 -2 -1 Location [los
ITEMS 0 e == VZANYIR K T 0,0%
By frmsmsnersssasse R b L | & ] 4
Ir: Ho. Mean SD 4 4 4,9%
e 10—3-Total [103] 0.000 0.806 =2 9,7%
L . - 14,6%

Figure 2. Person-item threshold distribution (103 items)

PSI and KR-20 of the item bank were computed as 0.77. Since the threshold of acceptance for
PSl is 0.7, the computed value indicated that it is possible to statistically differentiate between
two groups of respondents. This result showed that the items effectively separated the persons.
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3.2. Content validity of item bank

When experts from several medical specialties and measurement and evaluation experts
examined the content validity of the item bank, they concluded that the item bank contained
enough questions for a representative and balanced sampling of the prescribed blueprint.

3.3. Simulation analysis

In this study, simulated CAT application was conducted to evaluate the agreement between
Ocat and Orwm.

3.4. Simulated CAT application [N (0,1)]

The number of items used in CAT, which was carried out with responses derived from 1000
individuals from the distribution of mean with 0 and variance with 1, ranges between 11 and
45 for various standard error levels as shown in Table 2.

Table 2. Descriptive Statistics for Number of Items Administered in CAT application and Correlation
and Agreement between Grw and Ocarestimations [N (0,1)]

Stopping rule Mean_numbfer of items (iS_D) " ICC

[Median (min-max) ] usedin CAT (95% CI)
Reliabilty: 000 45(29)[44(43:50) 0975 [0 o88.0.990]
Eetcee}?:t?imyE:rCS%ZOAO 24 (43) [23 (23-50)] 0.940%* ([)6?97;7-0.974]
Reliabilty:- 075 1408 14 1321)] 0885 [0033.0.008]

Standard Error:0.548

_ ** _
Reliability: 0.70 11 (20.53) [11 (11-16)] 0.868 0.928 [0.919-0.937]

SD: Standard Deviation, r: Correlation Coefficient, ICC: Intraclass Correlation Coefficient., Cl: Confidence Interval,
*Kk-
: p<0.001

In CAT applications, an estimation with a reliability of 0.75 can be made using 14 questions
(reduced by % 86,4). When compared to paper and pencil tests (based on all items in the bank),
CAT resulted in a 56.3-88.5% decrease in the number of items.

The research findings illustrated that there is a high (r=0.868-0.975 and 1CC=0.928-0.989,
respectively) correlation and agreement (for standard error 0.3, 0.4, 0.5, 0.548) between 0
estimations obtained from paper-and-pencil (6rm) and CAT applications (6cat) and these
findings are statistically significant. Ninety-five percent ranges of agreement between 6cat and
Brm according to the Bland-Altman approach were -0.39 to 0.39, -0.64 to 0.65, -0.83 to 0.83,
and -0.92 to 0.96 when the stopping rule was set to standard errors of 0.30, 0.40, 0.50, and
0.548, respectively. In addition, 942 of 1000, 953 of 1000, 960 of 1000, and 935 of 1000
converged estimates were within the 94-96% agreement limits for different standard error,
respectively (Figure 3).
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Figure 3. Bland-Altman Plot for [N (0,1)] (a) SE=0.30, (b) SE=0.40, (c) SE=0.50, (d) SE=0.54

3.5. Simulated CAT application [N (0,3)]

The number of items used in CAT, which was carried out with responses derived from 1000
individuals from the distribution of mean with 0 and variance with 3, ranges between 12 and
75 for various standard error levels (Table 3).

Table 3. Descriptive Statistics for Number of Items Administered in CAT application and Correlation
and Agreement between Grm and Ocarestimations [N (0,3)]

Mean number of

Stopping rule items (¥SD) [median r 235%/ ch
(min-max)] usedin CAT 0
Standard Error: 0.30 75 (227) [76 (42-103)] 0.998** 0.999
Reliability: 0.90 [0.999-0.999]
Standard Error: 0.40 35 (#15) [27 (22-68)] 0.992** 0.995
Reliability: 0.84 [0.995-0.996]
Standard Error: 0.50 17 (#3) [15 (15-23)] 0.984** 0.986

Reliability: 0.75 [0.984-0.987]
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In CAT applications, an estimation with 0.75 reliability can be made using 17 questions
(reduced by %83.4). When compared to paper and pencil tests, CAT amounted to a reduction
in the number of items administered by 27.6-88.3%.

The research findings illustrated that there is a high (r=0.984-0.998 and ICC 0.928-0.989,
respectively) correlation and agreement (for standard error values 0.3, 0.4, 0.5, 0.548) between
0 estimations obtained from paper-and-pencil (Brm) and CAT applications (6cat) and these
findings are statistically significant.

Ninety-five percent ranges of agreement between 6cat and 6rm according to Bland-Altman
approach were -0.27 to 0.28, -0.57 to 0.56, -0.96 to 0.94, and -1.21 to 1.28 when the stopping
rule was set to standard error of 0.30, 0.40, 0.50, and 0.548, respectively. In addition, 921 of
1000, 948 of 1000, 973 of 1000, and 978 of 1000 converged estimates were also within the 94-
96% agreement limits for different standard error, respectively (Figure 4).
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Figure 4. Bland-Altman Plot for [N (0,3)] (a) SE=0.30, (b) SE=0.40, (c) SE=0.50, (d) SE=0.54

4. DISCUSSION and CONCLUSION

This study aimed to demonstrate whether the Rasch model is an alternative to Classical Test
Theory, in order to improve the PT in medical education. This study will provide the initiative
to investigate the potential for applying CAT in PT.

PT has some disadvantages; firstly, the bulkiness may cause demotivation, boredom, and
tiredness. Furthermore, if the questions are too difficult, it could discourage students, while
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questions that are too easy could be uninteresting for students. In addition, items that are too
easy or too difficult do not give enough information about students’ ability. Previous research
for CAT usage demonstrated that CAT reduces these disadvantages by shortening test length
and providing a flexible test format. CAT application offers students a set of questions that are
matched to their ability levels, thus providing the examinees with individualized examinations.

The present findings showed that 103 items formed a unidimensional item bank. The ability of
the students estimated by CAT was highly correlated with those of the full item set. The average
number of items needed to estimate ability was only 13.6% of the full item set of PT/ paper-
pencil based PT (for ([N(0,1) and 0.75 reliability], and 14,6 % of the full item set PT (for ([N(0,3)
and 0.75 reliability]. Ocat and Orm correlated and agreed well for both populations ([N(0,1) and
(IN(0,3)]). This study demonstrated that the test length could be shortened without decreasing
reliability.

The follow-up of such an approach raises developmental challenges. In this study, the number
of items included in the item bank was less than the average for CAT standards. For CAT
application, item banks should contain a large number of items considered important to work
on the item bank by the CAT designer. Previous studies have been based on item numbers
ranging from less than 100 to several thousand items. In this study, however, the number of
items was relatively low, with student ability and item difficulty distribution mirroring each
other (as shown in Figure 1), and items distributed across the range of the trait being measured.
For this reason, although the item bank for this study was relatively small, the results suggested
that CAT worked well.

This study intended to discuss the steps required to build an item bank for PT. At the end of this
process, a unidimensional item bank that represented “general medical knowledge” was
developed for CAT application. However, PT builds on a blueprint that includes specific
subdomains (such as the cardiovascular system or the discipline of anatomy) as a part of the
overall domain. Extensive feedback and patterns of knowledge growth within specific
subdomains could be provided to students and other stakeholders in addition to overall
knowledge build-up. To provide detailed feedback and knowledge growth patterns, the items
could be divided into unidimensional subsets, and several item banks could be constructed as a
possible solution for PT CAT application. In addition, multidimensional CAT procedures based
on multidimensional IRT (MIRT) might be another solution for PT CAT. As a result, a
reduction of over 80% of the items in CAT format of PT could test its potential to follow
candidates’ progress practically through educational programs.

CAT application’s utility for medical course assessment has been demonstrated in this study.
To the authors’ knowledge, there have been no other studies about the CAT application in PT
for medical school. It should be emphasized that the purpose of this study was not to investigate
whether PT CAT based on 103 items should replace the current paper-pencil based PT. This
study aimed to discuss the steps to build an item bank and illustrated the utility of CAT
implementation as an example.

This study showed that it is possible to develop an appropriate item bank for the PT using the
Rasch model, and that the difficulty administering large number of items in PT can be reduced
by CAT application. The results of this study will encourage the implementation of CAT in
medicine and in other disciplines.
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