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Item selection method, [NI]=10, NI=20) by calculating the average number of items, standard error
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bias, and RMSE statistics showed similar results. When the average number of
items is considered, MFI and SE<0.30 were found as most appropriate methods to
be used in CAT application. For the second purpose of the study, the paper-pencil
form of the Vocational Maturity scale and CAT version were administered to 33
students. A moderate, positive, and statistically significant relationship was found
between the CAT application scores and the paper-pencil form scores on the
vocational maturity scale. As a result, it can be said that the vocational maturity
scale can be applied as a computerized adaptive test and can be used in career
guidance processes.

1. INTRODUCTION

The measurement results, which are the foundation of decisions to be made in education and
psychology, must be reliable and valid. Decisions made with unreliable and invalid
measurement results lead to erroneous evaluations of individuals, teaching methods, and
programs. Validity is defined as the process of gathering evidence to support the decisions to
be made based on the measurement results. Reliability, on the other hand, is expressed as the
degree to which the results obtained from the measurement tool are free from random errors
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(American Educational Research Association [AERA], American Psychological Association
[APA], & National Council on Measurement in Education [NCME], (2014).

The high validity of the measurement results shows that, according to the definition of validity
made by Thorndike and Hagen (1961), the measurement results are only related to the variable
that is intended to be measured, and that no other feature interferes with the measurement results
except for this variable (significantly) (Thorndike & Hagen, 1961; Turgut & Baykul, 2013).
These features may be related to the variable to be measured, as well as to include constant,
systematic and random errors. The fact that random error does not interfere with the
measurement results positively affects both validity and reliability. Therefore, reliable results
are required to ensure the results of the validity of the measurement tool. Because unreliable
measurement results cannot be valid, the measurement tool should be as reliable as possible
with as little random error as possible. According to classical test theory, increasing the number
of items in the measurement tool and controlling the sources of random errors as much as
possible increases the reliability and thus the validity of the measurement results. Although the
number of items in the measurement tool increases the reliability, this increase may cause
individuals to lose motivation and fatigue. As a result of this situation, individual-related
random errors in measurement occur.

In education and psychology, measurement methods with fewer items have been developed to
reduce random errors caused by individuals. Computerized Adaptive Test (CAT) applications
are one of these measurement methods. CAT applications can estimate ability levels with fewer
items than traditional paper-pencil tests (Gardner et al., 2004; Gibbons et al., 2016; Hol et al.,
2008; Kaskati, 2011; Penfield, 2006; Stochl et al., 2016; Petersen et al., 2016). In traditional
paper-pencil tests, individuals answer all items, while in CAT applications they only answer
the items relevant to their ability level. The instantaneous ability level is calculated in CAT
applications after each item that the individual answers while taking the test. The final ability
level calculated for the individual as a result of the CAT application is expected to be similar
to the actual ability level. In CAT applications, while the individual answers items based on his
or her ability level, he or she is not required to answer items that do not provide information
about himself or herself, in other words, items that are higher or lower than his or her ability
level (Linacre, 2000; Reckase, 1989; van der Linden, 1998). CAT applications are composed
of five basic components: an item pool, a test initiation method, an item selection method, an
ability estimation method, and a stopping rule (Dodd et al., 1995; Reckase, 1989; Thompson &
Weiss, 2011; Wise & Kingsbury, 2000).

For the reliability and effectiveness of CAT applications to be high, the appropriate components
must be used. Monte Carlo simulation studies have been conducted on simulative item
parameters and post hoc simulation studies conducted with true item parameters in the
literature, methods that allow obtaining measurement results with a high level of validity have
been tried to be specified. Furthermore, it is seen that the item selection method is the focus of
the vast majority of these studies (Choi & Swartz, 2009; Penfield, 2006; van der Linden, 1998;
Veldkamp, 2003).

The item selection method component was defined by Choi and Swartz (2009) as the core of
CAT applications, and it was stated that administering items appropriate for the individual's
ability level will increase the effectiveness of CAT applications. Item selection methods are
examined in two categories: traditional methods and Bayesian methods. Bayesian methods
perform item selection methods based on the final distribution, while traditional methods
perform item selection based on the item information function.

The Maximum Fisher Information (MFI) method is one of the traditional methods for the item
selection in CAT applications. In the MFI method, the item that provides the most information
for the instantaneous ability level estimated based on the individual's responses is administered.
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In cases where the instantaneous ability level and the true ability level differ, the standard error
amount increases because the item used will not be suitable for the true ability level (Hambleton
et al., 1991; Penfield, 2006; Thissen & Mislevy, 2000; van der Linden & Pashley, 2000). The
MFI method is defined by Lord and Novick (1968) as the Attenuation Paradox, the condition
that the reliability and therefore the validity of the measurement results are low despite applying
items with maximum information for the instantaneous ability level of individuals.

Figure 1. Representation of the Attenuation Paradox.
1(6)

Bﬂ OAI

Figure 1 shows the information functions of two different items. 6, shows the individual's true
ability level, while 6, shows the instantaneous ability level. The first item provides less
information on the individual's true ability level (6,) than the second item, while the second
item provides more information on the individual’s instantaneous ability level (6,). Therefore,
despite providing less information about the actual ability level, the MFI method favors the first
item. In this case, the measurement results will be inaccurate due to the application of the item,
which provides little or no information on the individual's true ability level.

Another disadvantage of the MFI method is that it results in excessive use of these items due to
constant use. Excessive use of some items in maximum information-based methods causes all
items not be used and the measurement precision is very high (Davis, 2002; Davis & Dodd,
2008). To avoid the Attenuation paradox and excessive item use, Bayesian statistical
approaches to item selection have been developed rather than methods based solely on instead
of on information function. In the study conducted by Boztung-Oztiirk and Dogan (2015), it
was found that whether item exposure is controlled in maximum information-based and
Bayesian item selection methods does not make a significant difference in terms of
measurement precision but when item exposure is not controlled in maximum information-
based methods, all of the items in the item pool are not used. Not using all of the items is related
to item pool size as much as item exposure control (Leroux et al., 2019). In the study conducted
by Leroux et al. (2019), it was found that when the item pool is small, all of the items in the
item pool are used when even the item exposure is not controlled. Considering this information
available in the literature, it can be said that using item selection methods based on maximum
information when the item pool is small will not result in high measurement precision or not
using all items.

Most CAT research with polytomous models, comparing Bayesian item selection methods and
traditional methods appears to be post hoc simulation studies (Choi & Swartz, 2009; Passos et
al., 2007; Penfield, 2006; van Rijn et al., 2002; Veldkamp, 2003). While it is expected that
measurement results in CAT applications that use the ability estimation method and stopping
rules, particularly the item selection method studied in a simulative environment, will have a
low level of error, studies on polytomous CAT applications have been limited by method
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comparisons in a simulative environment, and the number of application-oriented CAT studies
has been limited (Aybek & Demirtasli, 2017). Given that measurement tools in the fields of
education and psychology are mostly used with paper and pencil in Tirkiye, it is believed that
increasing the use of CAT applications will be more beneficial to both researchers and
participants.

This study compares different item selection methods with the actual application of the
"Occupational Maturity Scale" a commonly used educational measurement tool with 40 items
and one dimension (Akdas & Ekinci, 2016; Aktug & Birol, 2011; Kutlu, 2012; Orhan & Ultanur,
2011; Sahrang, 2000; Siiriicii, 2005; Ulas & Yildirim, 2015; Uriin, 2010). The concept of
occupational maturity is defined by Super (1957) as meeting the requirements of each
professional development step, being ready for the next development step, and having basic
abilities that can overcome the difficulties that may be encountered (Kuzgun & Bacanli, 1995).
The feasibility of the Occupational Maturity Scale as a computerized adaptive test is tested, and
the amount of error, bias, and correlation coefficients are calculated using the CAT
application’s simulation under various item selection methods and stopping rules. The
relationship between the scores obtained from the CAT application and the paper-pencil test
was investigated using minimum error methods with these coefficients.

While data obtained with the scale are more objective, valid, reliable, and useful than data
obtained through non-test techniques (such as observation, interview, etc.), there may be
random errors in the measurement results due to factors such as low motivation in individuals
in answering the scale items, social desirability, psychological fatigue, and the length of the
scale. As a result of this situation, researchers are focusing on alternative data collection
methods rather than traditional paper-pencil methods. One such method is CAT applications,
which can estimate the ability associated with the actual ability level at a high level with a much
smaller number of items. This estimate is based on the application of items appropriate to the
individual's own ability level. Therefore, selecting the appropriate item for the individual is
critical to the effectiveness of CAT applications. However, there is limited research on the
comparison between traditional item selection methods and Bayesian item selection methods
in real CAT applications and post-hoc simulation studies (Aybek & Demirtagsli, 2017; Choi &
Swartz, 2009; Passos et al., 2007; Penfield, 2006; van der Linden, 1998; van Rijn et al., 2002;
Veldkamp, 2003). Thus, this study’s results are expected to contribute to both the occupational
guidance process and the usability of CAT in scientific studies.

1.1. Research Problems
This study aims to address the following research questions using CAT applications:

1. Does the correlation coefficient between the simulatively estimated occupational maturity
level and the actual occupational maturity level differ depending on the item selection method
and stopping rules used, mean number of items administered, standard error means, bias and
RMSE values?

2. Is there a relationship between the CAT application and the occupational maturity levels
obtained from the paper-pencil test application using the determined item selection method and
stopping rule?

2. METHOD

2.1. Participants

Before starting to collect data, permission was obtained from Hacettepe University Ethics
Commission with the decision dated 24.10.2017 and numbered 433-3695. This study’s data
were gathered from two distinct groups of participants. The first group’s data were employed
to determine the item parameters of the Occupational Maturity Scale and to test the IRT
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assumptions. The second group’s data was used to test the validity of the CAT application of
the Occupational Maturity Scale. Table 1 shows the demographic information of the first and
second groups.

Table 1. Demographic information of the participants.

Frequency Percentage

Tl o

The first group ale 2o
11" Grade 510 75.33%

Class

12" Grade 167 24.67%

The second group Gender Female 16 48.48%
Male 17 52.52%

The first group consisted of 677 students in the 11" and 12" grades from Adapazari, Erenler,
Hendek and Serdivan districts of Sakarya. For this data group, firstly, permission was obtained
from Sakarya National Education Directorate. 12 high schools were determined by cluster
sampling from high schools located in Serdivan, Erenler, Hendek and Adapazari. Data were
collected from 677 students on a voluntary basis from 11" and 12 grade students studying in
these high schools. Of these 677 students, 366 were female and 311 were male; 510 of them are
in the 11" grade and 167 are in the 12" grade.

The second group consisted of 33 students in the 11" and 12" grade from Private School of
Sakarya University Foundation. 33 students on a voluntary basis CAT application of the
Occupational Maturity Scale and the paper-pencil test application were carried out. When the
literature is examined, it is recommended to be 1-2 weeks between the two applications
(Bardhoshi & Erford 2017; Cattell, 1986; Cattell et al., 1970; Deyo et al., 1991; Nunnally &
Bernstein, 1994), and the application was made by leaving 10 days between the CAT and paper-
pencil test applications.

2.2. Data Collection Tools and Methods

The occupational Maturity Scale used in this study was developed by Kuzgun and Bacanl
(2005). The scale consists of 40 items with one dimension and was reported to have an internal
consistency coefficient of 0.89, and a test-retest reliability coefficient of 0.82. The scale was
administered to the first group of participants to obtain the item parameters of the Occupational
Maturity Scale and to test the IRT assumptions.

Based on these data, simulative data were produced according to different item selection
methods and stopping rules with the FIRESTAR program using the item parameters of the
Occupational Maturity Scale, and the CAT application was prepared with the CONCERTO
platform.

2.3. Data Collection

To create an item pool, there must be at least 24-30 items that can provide information at all
ability levels. However, having a certain number of items does not necessarily mean that the
CAT application will be sufficient. The item information and test information functions are also
critical for CAT applications (Dodd et al., 1995).

The item parameters of the Occupational Maturity Scale were determined using the IRTPRO
package program. To determine the item parameters, a one-dimensional Item Response Theory
(IRT) analysis was performed under a graded response model. The analysis revealed that, the
step parameters of the four items (2", 4™, 6™ and 20'") were outside the ranges (-4.00, +4.00),
which are the lower and upper limits for the IRT models. Four items were removed from the
item pool because the a; parameter was less than 0.60, the information functions were weak,
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and data production did not occur when these items were in the item pool while generating
simulative data.

With the use of the simulated data generated by the FIRESTAR software, various item selection
strategies and stopping rules were explored to assure the greatest effect from the CAT
application of the Occupational Maturity Scale, whose item parameters were established. Using
the simulative data, the average number of items, the correlation between the CAT application
and the occupational maturity levels determined by the paper-pencil exam, the bias and the
RMSE statistics were calculated. Table 2 lists the methods for the item selection and the
stopping rules.

Table 2. The methods of selection of items used in the simulation and the rules of termination.

Manipulated Variable Methods Number of Conditions

Maximum Fisher Information (MFI)

Maximum Likelihood Weighted Information
(MLWI)

Maximum Posterior Weighted Information (MPWI)

Maximum Expected Information (MEI)

Minimum Expected Posterior Variance (MEPV)

Standard Error < 0.30

Standard Error < 0.50 3
Stopping Rule Standard Error < 0.70

NI=10

NI=20

Item Selection Method

Table 2, shows that a total of 30 different conditions have occurred under different item
selection methods and different stopping rules. A total of 30,000 people's simulated data were
produced, with 1,000 people in each situation. In the study, while the item selection method
and the stopping rule were manipulated, other variables held constant in the study are listed
below.

* Selection of the first item: 0 ability level (6=0.00)

« Sample mean and standard deviation: sd=1.00

* Frequency of item use control: Not used (coded as 1).

« Ability estimation method: Expected Final Estimation Method
* Minimum and maximum ability levels: -4.00, +4.00

 IRT model: Graded Response Model

* Scaling: 1.7

« Ability increase value: 0.10

« Standard error calculation method: Final distribution

« A priori distribution: X = 0.00, sd=1.00
2.4. Computerized Adaptive Testing Application

During the spring semester of the 2017-2018 academic year, the paper-pencil form and the CAT
version of the occupational maturity scale were administered to 33 (11" and 12" grade)
students. The paper-pencil test was administered in the students’ own classrooms at the
beginning of their course by the researcher. Ten days after the paper-pencil form was
administered to the students, the CAT version was administered to the participants. The CAT
was carried out by a researcher in the computer laboratory located in the same building as the
classrooms at the school. Students' transportation from their classrooms to the laboratory was
provided by guidance counsellors and course teachers. Since the test was online, all computers
and the internet connection were checked and the relevant web page was opened and made
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available for students’ use. Students logged in by entering their student numbers and gender to
give feedback to the CAT application and to match it with the paper-pencil test. After entering
the necessary information, the students clicked on the “Continue” button to begin. The student's
answers to the items in the CAT application were recorded in the database. If a student wanted
to pass an item without answering, a warning message “Please do not pass without answering
the Item!” appeared. At the end of the CAT application, which continued until the specified
condition was met, an information screen about the Occupational Maturity ability level was
displayed.

2.5. Analysis of the Data

To answer the first research problem, correlation coefficient, standard error mean, bias and
RMSE statistics were calculated using IRTPRO, Excel and SPSS 17.0. Then these values were
examined to determine whether they differed.

* The IRTPRO package program was used to determine the item parameters of the Occupational
Maturity Scale. To use the IRTPRO program, a 15-day trial version was rented from Scientific
Software International by e-mail at 2018. As a result of the analysis performed under the
Progressive Response Model, a; and f3;; were calculated.

» To analyze the simulated data, the correlation coefficient (Pearson Product Moments
Correlation Coefficient), and the average number of items applied, the standard error mean
(SE), bias, and RMSE statistics were calculated between the simulatively estimated and actual
occupational maturity levels for each condition by using Excel and SPSS 17.0. High correlation
coefficient, low standard error, bias, and low RMSE statistics (close to 0) indicate that there is
no difference (deviation) between individuals' true ability level and estimated ability level. The
methodology for calculating bias, RMSE, and standard error averages—three statistics used to
compare various stopping rules—is described here:

« The standard error can be calculated in two different ways according to the IRT, depending
on the information function and depending on the final distribution. During the production of
simulative data, standard error calculation was performed depending on the final distribution.

SEpost = var(g(6)|U)

 The bias statistic is equal to the average of the difference between the actual value of a
parameter and the estimated value.

n
Z. (6ig—0ir)
BIAS = =—5—— -

» The RMSE statistic is the average of the squares of the difference between the true value and
the predicted value of a parameter.

_ Zizl(gig_gik)z
RMSE = |==——

To answer the second research problem, the correlation coefficient was calculated. The
correlation coefficient between the CAT application and the paper-pencil application was
calculated using the SPSS 17.0 program.
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3. FINDINGS
3.1. Findings Related to the First Research Problem
Table 3 presents the findings for the first research problem based on different stopping rules.

Table 3. The average item obtained under different item selection methods for different stopping rules,
mean of SE, correlation coefficient, bias and RMSE statistics.

Item Selection

Stopping Rule Method Mean of Item  Mean of SE r Bias RMSE
MFI 5.44 0.175 0.952 0.147 0.101

MLWI 5.43 0.174 0.929 0.165 0.157

SE<0.30 MPWI 5.16 0.186 0.944 0.169 0.120
MEI 5.64 0.171 0.949 0.152 0.111

MEPV 5.36 0.174 0.951 0.148 0.106

MEPWI 5.31 0.179 0.945 0.164 0.119

MFI 4.07 0.259 0.936 0.224 0.136

MLWI 4.00 0.264 0.936 0.228 0.136

SE<0.50 MPWI 4.01 0.255 0.936 0.223 0.135
MEI 4.01 0.259 0.937 0.223 0.133

MEPV 4.01 0.257 0.939 0.217 0.130

MEPWI 4.01 0.255 0.936 0.223 0.135

MFI 4.00 0.267 0.933 0.233 0.141

MLWI 4.00 0.264 0.936 0.228 0.136

SE<0.70 MPWI 4.00 0.257 0.936 0.225 0.135
MEI 4.00 0.260 0.937 0.225 0.134

MEPV 4.00 0.257 0.939 0.217 0.129

MEPWI 4.00 0.255 0.936 0.223 0.135

MFI 10.00 0.136 0.965 0.124 0.076

MLWI 10.00 0.137 0.962 0.130 0.082

NI=10 MPWI 10.00 0.139 0.962 0.131 0.082
MEI 10.00 0.134 0.963 0.128 0.080

MEPV 10.00 0.125 0.969 0.108 0.066

MEPWI 10.00 0.139 0.962 0.131 0.082

MFI 20.00 0.080 0.986 0.067 0.080

MLWI 20.00 0.085 0.983 0.065 0.033

NI=20 MPWI 20.00 0.076 0.985 0.062 0.033
MEI 20.00 0.080 0.987 0.057 0.029

MEPV 20.00 0.077 0.988 0.054 0.027

MEPWI 20.00 0.079 0.985 0.061 0.033

The results show that the correlation coefficient between the estimated and true occupational
maturity level of individuals produced simulatively under different item selection methods and
stopping rules, the average number of items applied, standard error averages, bias, and RMSE
statistics provide similar outcomes. In addition, when using variable-length stopping rules
(SE<0.30, SE<0.50, SE<0.70), the test is completed using an average of between 4 to 5.64
items. In this case, the number of items decreases by 84% to 90% compared to the original
scale.

Under different item selection methods and stopping rules, the lowest mean standard error was
determined as 0.076 (for the condition MPWI; NI=20), while the highest mean standard error
was determined as 0.267 (for the condition MFI; SE<0.70). The highest correlation coefficient
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between the predicted occupational maturity level and the actual occupational maturity level
was determined as 0.988 (for the condition MEPV; NI=20), and the lowest correlation
coefficient was determined as 0.929 (for the condition MLW!I; SE<0.30). The lowest bias
statistic was calculated as 0.054 (for MEPV; NI=20 condition) and the highest bias statistic was
calculated as 0.233 (for MFI; SE<0.70 condition). The lowest RMSE statistic was obtained as
0.027 (for MEPV; NI= 20 condition) and the highest RMSE statistic was obtained as 0.141 (for
MFI; SE<0.70 condition).

Overall, it is seen that the most appropriate stopping rule is NI=20, and the most appropriate
item selection method is MEPV. When the stopping rule is set as NI=20, the CAT application
Is expected to end with 45% fewer items than the original scale, while when the stopping rule
is SE<0.30, the CAT application is expected to end with 85% fewer items than the original
scale. Therefore, it is suggested that the SE<0.30 stopping rule should be used for real CAT
applications, considering the low level of differences between correlation coefficients, bias, and
RMSE statistics, and the significant decrease in the number of items.

When the stopping rule was determined as SE<0.30, the highest correlation coefficient (0.952),
the lowest bias (0.147) and RMSE statistics (0.101) were obtained based on the MFI method.
Thus, it was predicted that it would be more appropriate to determine the item selection method
as MFI and the stopping rule as SE<0.30 in the actual CAT application.

3.2. Findings Related to the Second Research Problem
Table 4 presents descriptive statistics of the occupational maturity levels of individuals obtained
from the CAT application and the paper-pencil test administration.

Table 4. Descriptive statistics of occupational maturity levels obtained from CAT and paper-pencil test
applications.

N Minimum Maximum Mean sd
CAT 33 -0.19 2.46 1.283 0.626
Paper-Pencil 33 -0.06 2.26 0.812 0.600

The results show that a minimum of -0.19 and a maximum of 2.46 occupational maturity level
were estimated from the CAT application. The average of the occupational maturity levels
obtained from the CAT application was 1.28, while the standard deviation was 0.63. On the
other hand, the minimum and maximum occupational maturity levels estimated from the paper-
pencil test application were -0.06 and 2.26, respectively. The average of the occupational
maturity levels obtained from the CAT application was 0.81, while the standard deviation was
0.60. Furthermore, there was a moderate (r=0.535) positive and statistically significant
relationship between the CAT application and the occupational maturity levels obtained from
the paper-pencil test application (p<0.05).

4. DISCUSSION and CONCLUSION

The results of the study indicate that the correlation coefficient between the estimated
occupational maturity level and the true occupational maturity level of individuals produced
simulatively under different item selection methods and stopping rules, the average number of
items applied, standard error averages, bias and RMSE statistics provide similar results. This
finding is consistent with previous studies that compared different methods of item selection
and stopping rules (Aybek & Demirtagli, 2017; Choi & Swartz, 2009; Ho, 2010; Veldkamp,
2003). However, the results of this study differ from Penfield’s (2006) study, which found that
the MPWI and MEI methods had a higher level of measurement precision than the MFI method
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(in case the information functions of the items in the item pool were flat), while the MPWI and
MEI methods were not different from each other.

In a study by van der Linden's (1998) that compared the item selection methods and stopping
rules under the 2-parameter model, the MFI and MPWI methods had the highest bias statistics
(NI=5 and 10), while the other three item selection methods (MEI, MEPV and MEPWI) had
lower bias.

The study also found that when variable length stopping rules are used (SE<0.30; SE<0.50;
SE<0.70), ability estimation can be made with 84%-90% fewer items than the original scale.
This finding is in parallel with the advantage of the following ratios in the number of items: the
rate of 73.3% was reached as a result of the study of Gardner et al. (2004); the rates of 36%-
65% reached as a result of the study of Smits et al. (2011); the 50.86% rate reached as a result
of Aybek and Demirtasli's (2017) study; the rate of 75% obtained in the study of Gibbons et al.
(2016); the rate of 67% obtained in the study by Stochl et al. (2016); the 50%-85% rates
obtained in the study by Petersen et al. (2016); the 30%-71% rates obtained in the study by Choi
and McClenen (2020); the rate of 75% obtained in the study by Harrison et al. (2020); the 50%-
63% rates obtained in the study by Yasuda et al. (2021); the 62%-96% rates obtained in the
study by Liu et al. (2022); the rate of 78% obtained in the study by Giordano et al. (2023). In
the studies conducted by Smits et al. (2011) and Aybek and Demirtasli (2018), it can be said
that the low ratio in test lengths is because there is a more limited pool of items compared to
other studies.

Furthermore, there was a moderate (r=0.535) positive and statistically significant relationship
between the CAT application and the occupational maturity levels obtained from the paper-
pencil test application (p<0.05). The correlation to be obtained from CAT and paper-pencil
application is expected to be high as in simulation studies. Compared to the correlation coeffi-
cient obtained in the simulation CAT study (r=0.952; MFI, SE<0.30; see Table 3), the correla-
tion coefficient obtained in the real CAT study (r=0.535) is lower. It can be said that there are
several reasons for this. Firstly, the correlation coefficient obtained from the real CAT applica-
tion is relatively lower than the correlation coefficient obtained from the simulation data, due
to the sample size. Because the sample size is effective in calculating the correlation coefficient
(Green, 1991; Harris, 1985; Tabachnick & Fidell, 1996; Wilson & Morgan, 2007). In addition,
the application of CAT to students in the computer laboratory instead of the classroom may
have caused random errors to be mixed in the measurement results. In this case, the difference
in the measurement results obtained from the CAT and paper-pencil application caused the
correlation coefficient to be low. In addition, in studies with dichotomous and polytomous
measurement tools, it is seen that the correlation coefficient obtained from the real CAT study
is lower than the correlation coefficient obtained from the simulation CAT study (Aybek &
Demirtasli, 2018; Sahin & Gelbal, 2020).
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