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Abstract

In this study, it is aimed to examine item exposure rate, content balancing, and ability estimation in terms of
termination rules with regard to testing lengths and testing accuracy in computerized adaptive testing. In this
context, EAP and MLE ability estimation methods were compared in terms of correlation, bias, RMSE, and test
length. In the study EAP and MLE were compared with a total of 72 different conditions; including 1, 2, and 4
group content balancing patterns; 0.50, 0.75, and 1.00 exposure rates; 0.35 and 0.40 standard error-based and the
termination rule based on the test length of 15 and 30. This research is Monte-Carlo simulation study, which was
carried out in relational screening model of the quantitative research methods. The production and analysis of the
data were performed in the Rstudio. As a result, the best performance in the measurement is a fixed test length of
30 items with 0.35 standard error; in group 1 pattern where the content balancing is not a group limitation; the
exposure rate was displayed in the range of 0.75 and 1.00. Depending on the test length of ability estimation
methods, scope balancing patterns and exposure rates, the number of items changes in the range of 22 and 25;
Based on the termination rule, it was estimated that at least 0.40 standard errors with a standard error based on 39
items.
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Introduction

With the developments of technology field, the need for the use of computerized adaptive testing (CAT)
instead of the classical paper-pencil tests in the measurement and evaluation applications has increased,
and the studies have become widespread. CAT is the form of creating tests, testing individuals and
scoring individuals in the computer environment (Reckase, 2009). The most important feature that
separates CAT from the paper-pencil tests is that how the test starts, continues and terminates may
differentiate according to the individual. The individualization mentioned here works as a set of
algorithms and rules.

Classical Test Theory (CTT) was used in the first examples of CAT applications (Betz & Weiss, 1973;
Larkin & Weiss, 1974; Vale & Weiss, 1975). In CTT, test and item parameters may vary according to
the ability level of the group. Due to its parameter invariance feature, Item Response Theory (IRT)
eliminates this disadvantage of CTT. In IRT, item parameters do not change according to the ability
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distribution of individuals who take the test. The predicted ability parameters do not change according
to the properties of the items in the applied test (Hambleton, Swaminathan, & Rogers, 1991). IRT is a
model that explains the relationship between an individual's ability level and his/her responses to the
measured feature with a mathematical function (Embretson & Reise, 2000; Hambleton & Swaminathan,
1989). Although CAT applications are not dependent on IRT, the preference for IRT in CAT
applications allows the results to be more effective (Weiss, 1983).

CAT starts with choosing items to start the test, estimating the ability of the test taker according to the
responses given by them, and administering next item chosen based on the estimated ability level or
stopping the test (Wainer, 2000). The process must be planned very well in a detailed manner to serve
the purpose of the application.

The pre-condition of the CAT application is the creation of a large pool of test items. In order to achieve
the advantages of CAT over paper-pencil tests, the item pool must contain high quality items in
accordance with different ability levels (Flaugher, 2000). In the item pool used, sufficient number of
items in accordance with each ability level must be present (Reckase, 1989). The CAT consists of four
basic processing steps, including the starting of the test, item selection method, ability estimation and
test termination rules (De Ayala & Koch, 1995; Reckase, 1989; Thompson & Weiss, 2011). The test
begins with choosing the first item. The test can be initiated with the best distinctive or average difficulty
item in accordance with the preliminary information about ability level of the individual. After the
estimation of the individual's ability level according to the given response, the second item suitable for
individual from the item pool is selected using different methods. A new ability estimation is performed
according to the responses to the items. According to different termination criterion, the test is
terminated, and the ability level of the individual is determined. As a result, the CAT application has a
cycle in which the creation of the item pool, how to select the items from the item pool, how the scoring
will be done, and in which situations the application will be stopped, are determined and implemented.

In CAT applications, the item to be answered by the individual is determined according to his/ her
measured ability level. In this way, in test applications where maximum performance is measured,
individuals with high ability levels take the more difficult items, while individuals with low ability levels
take the easier items and a customized test form is formed for each individual. The basic rationale behind
individualized tests is to avoid items that may be too difficult or too easy for the person taking the test
and to choose the items that best suit the individual's ability. Individuals take items that provide more
information for their own ability level, so that differences between individuals can be determined more
clearly (Wang, 2013). The process results in shorter tests, as individuals receive items suitable for their
ability level and do not waste their time dealing with more difficult or easier items for themselves
(Wainer, 2000).

One of the most important advantages of CAT is its estimation individuals’ abilities with a small number
of items in comparison to the classical paper-pencil tests. Embretson and Reise (2000) stated that a well-
patterned CAT application could reduce the test length up to 50% without significantly losing
measurement accuracy. In classical paper-pencil tests, the measurement precision may vary according
to the ability levels of the individuals in the group, while accurate measurements can be made according
to the ability levels of the individuals in the CAT applications. However, there are problems such as the
individual does not have a chance to return to the previous item in CAT applications, security violation
problems caused by the disclosure of the item pool and the frequency of item use (Aybek et.al., 2014).
However, in CAT applications, problems such as the individual's lack of a chance to return to the
previous item, a security violation based on the disclosure of the item pool, and the frequency of item
use may occur.

The item pools used in CAT applications include a large number of items. However, in some cases, the
frequency of use is seen to be rather high for some of the items and for some items pretty low. When
such cases are encountered, the possibility of recalling of items for the individuals can be considered
high. In order to increase the utility level of the item pool, Item Bank Constraining methods have been
developed. These methods are counted among the basic components of CAT applications since they
offer solutions for the application problems (Davis, 2002; Boyd, 2003). These methods include Content
Balancing and Item Exposure Rate.
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Content Balancing

In the tests containing two or more contents, the items may vary with low and high ability levels in
accordance with the content. Student group with any level of ability may be exposed to a restricted test.
For example, Mathematics course, let's think about a test where four operations skills are included in a
single scope. While the student group at the high ability level may only encounter with items for division
skill, the student group at the low ability level may only encounter items for addition skills. In such a
case, content balancing is needed.

The tests in which the content balancing is used are longer than the tests which is not. The ability,
personality and preference measurements are relatively more homogeneous and one-dimensional in the
content, so they do not need content balancing; however, content balancing is required for achievement
tests (Weiss, 2004).

Content balancing methods can be evaluated into two categories those based on a methodological
approach and approaches that select items by trying to meet a complex set of constraints (Demir, 2019).
In the first approach, an item pool is divided into several sub-pools based on item attributes, and items
are selected from sub-pools to meet predetermined content areas. On the other, it relies on a different
approach, which makes item selection try to meet a complex set of constraints, and an item can
contribute to satisfying more than one constraint at the same time.

There are Constrained CAT, Modified CCAT, and Modified Multinomial Model among the methods to
ensure a fixed content balance (Lin, 2011). In addition, Weighted Deviations Model, Shadow Test
Approach, Two-Phase Item Selection Procedure, Weighted Penalty Model, and Maximum Priority
Index methods can be counted for large-scale applications (as cited in He, Diao, & Hauser, 2014).

In the literature, there are studies in which 2 to 6 content areas are determined and different content
balancing methods are compared (Lin, 2011, Kingsbury & Zara, 2009; Kingsbury & Zara, 1980; Eggen
& Netherland, 1999; Demir, 2019). These studies compared content balancing methods by keeping the
number of content areas constant. In this research, using CAT, the cases where there is a different
number (2, 4) of content areas and no content area were compared.

Item Exposure Rate

The use of item exposure rate is focused on protecting the integrity of the item pool and the
confidentiality of the items in the item pool by blocking over-exposure to the same items (Davis &
Dodd, 2005). With adaptive tests created from the same item pool, the same questions can be asked for
multiple times and the individual can learn the correct answers. The most commonly used items lose
their original psychometric properties by becoming popular. This situation causes the test validity to
fall. The purpose of a good item exposure rate control method is to ensure the more balanced use of the
item pool without reducing the measurement accuracy by defying this relationship (Pastor, Dodd &
Chang, 2002). Item exposure rate control methods are used to balance the test security and measurement
accuracy (Boyd, 2003; Boyd, Dodd & Fitzpatrick, 2013).

Item use frequency control methods prevent the disclosure of items by preventing excessive use of the
same items, preserving the integrity of the substance pool (Davis & Dodd, 2005). It is possible to classify
the item use frequency control methods into five categories. These are (1) randomization strategies, (2)
conditional selection, (3) stratified strategies, (4) combined strategies, and (5) multiple-stage adaptive
test designs (Lin, 2011). In this study, the frequency of use of the item was controlled by using the
restricted maximum information strategy, which is one of the conditional selection methods. This
method determines whether the item will be used when that item is selected by comparing it with the
maximum value of the frequency of use parameter determined before the test.

Exposure rates were predetermined 0,10 and 0,20 (Chang & Ansley, 2003), 0,19 and 0,29 (Boyd et al.,
2013), 0,30 (Pastor, Dodd & Chang), 0,40 (Revuelta & Ponsoda, 1998). In this research, two exposure
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rates of 0,50 and 0,75 were studied due to the lack of a large item pool and the use of content balancing
which is another restrictive method. To compare the effect of exposure rates, no exposure control
condition was also added to the research.

When the literature is examined, there are studies in which many aspects of CAT (content balancing,
item pool properties, test length, etc.) are compared under different conditions (Boyd, 2003; Eroglu &
Kelecioglu, 2012; Demir, 2018; Aybek & Cikrikei, 2018; Sulak & Kelecioglu, 2019; Kara, 2019). It is
considered that the research will contribute to the field in terms of examining the measurement accuracy
and test length when ability estimation methods, content balancing approaches, item exposure rates and
termination rules are changed in CAT applications. Based on the results of the research, it is evaluated
that the research will contribute to the field of study by determining the conditions which provide
calculations with minimum error and bias, and maximum correlation between true and estimated thetas.

Purpose of the Study

The main purpose of this study is to explain how bias, RMSE, correlation values between true and
estimated thetas, and test length change according to different conditions of item exposure rate, content
balancing, ability estimations methods and termination rules. Accordingly, the sub-problems of the
study are given below.

a) How do bias, RMSE, correlation values between true and estimated thetas, and test length change
according to different conditions of termination rules based on standard error (0,35 and 0,40), item
exposure rate (0.50, 0.75, 1.00), content balancing (1 group, 2 groups and 4 groups) and ability
estimation methods (Expected a Posteriori (EAP) and Maximum Likelihood (ML))?

b) How do bias, RMSE and correlation values between true and estimated thetas change according to
different conditions of termination rules based on fixed length (15 and 30), item exposure rate (0.50,
0.75, 1.00), content balancing (1 group, 2 groups and 4 groups) and ability estimation methods (Expected
a Posteriori (EAP) and Maximum Likelihood (ML))?

¢) How do the average of bias, RMSE and correlation values between true and estimated thetas change
in all conditions separately?

Simulation Methods

This study is a Monte Carlo simulation study that aims to reveal the relationship between various ability
estimation methods, exposure rates, content balancing rules and termination rules in CAT applications.
Collecting real data for research can be time-consuming and costly to collect. In addition, sometimes
the use of real data may not be sufficient for the analyzes desired to be carried out in the research. In
such cases, it may be more useful to generate the data. In the simulation study, the data is created by the
researcher based on a model. Simulations have two major components. The first is a system that is of
interest to the investigator, and the second is a model that represents the system. One advantage of
simulation studies is that they allow researchers to compare estimated parameters against their respective
true parameters, which are unknown for real data applications (Feinberg & Rubright, 2016; Wilcox,
1997). Also, simulation study is a quantitative relational research since it aims examining the relations
between methods (Fraenkel & Wallen, 2006).

Data Generation

The data sets used in this study are produced by the help of the codes written by researchers in the R
programming language. Fixed 200-item pools (Veerkamp & Berger, 1997) and 150 hypothetic
participants (Guzman & Conejero, 2004) are derived for each analysis. While producing ability
parameters of individuals, standard normal distribution was used with mean of 0 and standard deviation
of 1.
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a Parameters of the items in the pools were obtained from the normal distribution of 0.8 mean and 0.1
standard deviation. b parameters used were obtained from uniform distribution in the range of (-3, + 3).
Since the data generation is manufactured based on 2 parameter logistics model (2 PLM), ¢ parameter
(guessing parameters) is fixed 0.

Data Analysis

The CAT simulations were carried out with the "simulaterespondents™ function in the "catR v.3.17"
package of the programing language (Magis & Raiche, 2012). In this function, the ability parameters of
individuals, item parameters, initial and termination rules are defined as compulsory arguments. In this
study, the starting rule is fixed as an item that would generate the maximum information for a skill level
to be chosen randomly in the range (-1.00,+1.00) for all analyses. Maximum Fischer Information, which
is widely preferred in the literature (Choe, Kern, & Chang, 2017; Chen, Chao & Chen, 2019), was used
as the item selection rule in all analyzes. This method is based on the principle of selecting the item that
produces the highest information among the items in the estimated ability level after each response of
the individual. The termination rules used are explained in the title of the simulation conditions because
it is among the changed conditions. In this study, the correlation values between true theta scores and
estimated theta scores were calculated with the Pearson correlation coefficient method, which is one of
the parametric correlation methods.

Simulation Conditions

In this study, the ability estimation method, exposure rate, test termination rule and content balancing
conditions were changed in CAT simulations. 3 different situations were used for content balancing.
The first of these situations is not to use content balancing limitation, the second one is dividing item-
pool into 2 content group, and the last situation is dividing the item-pool into 4 content group. In the
conditions in which the item-pool had limitation of content balancing, analyzes were performed to be
applied evenly for each group in terms of items applied.

Another condition that is changed in the study is the ability estimation method. To estimate ability
Expected a Posteriori (EAP) and Maximum Likelihood (ML) ability estimation methods can be used.
Maximum likelihood estimators are consistent, functions of sufficient statistics when sufficient statistics
exist, efficient and asymptotically normally distributed (Hambleton & Swaminathan, 1985). The first of
the methods used is the Maximum Likelihood Estimation (MLE) and the other is the Expected a
Posteriori (EAP) method. MLE method is the most widely used method among the estimation methods
based on the likelihood function, but it cannot give stable results when all answers are correct or
incorrect. On the other hand, Bayesian approaches can make ability estimations for all response patterns
(Embreston & Reise, 2000).

For CAT simulations, the "simulateRespondents" function allows us to determine both temporary ability
estimates and final ability estimates. Within the scope of this study, the same method was used for
temporary and final ability estimation.

Larger item pools are needed when content balancing and item exposure control methods are used to
ensure content validity and test safety (Coban, 2020). The item exposure rate restriction is used to allow
an item in the item pool to be directed to a specified percentage of the group. In this study, 3 different
exposure rate conditions were used for the restriction in question. In the first condition, the rate was
accepted as 1.00. This rate means that the items are not brought to a restriction for the frequency of use.
For 0.75 and 0.50 values used in other conditions, each item is allowed to be directed to the maximum
of 75% and 50% of the groups respectively.

When to terminate the test is one of the important factors in estimating the ability level (Kezer, 2013).
In this study, 4 different test termination rules are included. Two of these rules are based on the standard
error limit of the ability estimation, while the other two conditions are the termination rules based on
the fixed test length. While the fixed-length method is about the number of questions applied to the
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individuals, the variable-length methods are related to the precision of the measurement. When the
predetermined criteria are met in variable-length test termination methods, the individual's test is
terminated. The minimum standard error method is the most widely used test termination method.
According to this method, an individual's ability level depends on a certain standard error and if a certain
measurement precision is reached, the test is terminated (Demir, 2018).As a standard error-based
termination rule, 0.30 and 0.40 cutting scores were used. These values were frequently studied in the
literature and were critical values in terms of test termination rules to obtain a measurement precision
(Aybek & Cikrikei, 2018; Sulak & Kelecioglu, 2019; Yao, 2012). For termination rules based on fixed
test length, 15 and 30 items are preferred. According to Stocking (1994), the item pool size should be at
least 12 times the test length in CAT applications applied according to the fixed test length. Therefore,
an item pool of 15 items was chosen to correspond to the item pool of 200 items, and an item pool of 30
items was chosen to disrupt this situation. 15 and 30 item values were preferred because they were found
to be related to the test lengths obtained from the standard error-based termination rules of 0.35 and 0.40
in the preliminary analysis.

For 4 different changing conditions, 3x2x3x4= 72 simulation conditions were studied. We can not use
the high number of replications (e.g. 100) used in simulation studies on different subjects. It is seen that
10-15 replications are made in similar simulation studies in which a large number of conditions are used.
Basically, considering that everyone's CAT simulation is completed independently of each other and
ability estimations are made separately, there is no difference between making 100 replications for 100
participants and 10 replications for 1000 participants. In addition, it took approximately 90 hours to
complete 720 (72x10) simulations using a computer with high processing power, even under 10
replication conditions. So, for each condition, 720 different CAT analysis were performed in total with
10 replications (Gorin et.al., 2005; Kara, 2019).

Results

In this study, it is aimed to examine the measurement accuracy and test length of Computerized Adaptive
Testing (CAT) when the ability estimation methods, content balancing patterns, exposure rates and
termination rules are changed. In this context, EAP and MLE as an ability estimation, 1, 2, and 4 as
content balancing pattern group patterns; 0.5, 0.75 and 1.00 as exposure rate, 0.35 and 0.40 standard
error as termination rule and fixed length testing in the form of 15 and 30 items were used, and 72
different conditions were created and compared in terms of correlation, bias, RMSE and test length.

In the first stage, the analysis findings carried out according to 0.35 and 0.40 standard error-based
termination rule are given in Table 1.

Table 1.
Correlation, Bias, RMSE and Test Length Results by Standard Error Termination Rule

Content Estimation Exposure Correlation Bias RMSE Test Length
Balancing Method Rate SE < SE <SE < SE <SE < SE < SE < SE <
0,35 0,40 0,35 0,40 0,35 0,40 0,35 0,40
0,50 0,867 0,612 0,006 0,037 0,496 0,785 35,823 9,565
EAP 0,75 0901 0554 -0,026 -0,026 0,422 0850 38,729 6,872
1 Group 1,00 0,907 0,69 0,003 0,016 0,409 0,701 38,414 13,692
0,50 0,863 0432 -0,028 -0,016 0,494 0,917 35370 3,169
MLE 0,75 0,894 0,603 -0,006 0,006 0448 0,777 38,817 10,953
1,00 0,921 0514 0,028 -0,015 0,393 0,833 38,846 6,272
Table 1.

Correlation, Bias, RMSE and Test Length Results by Standard Error Termination Rule (Continued)
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Content Estimation Exposure Correlation Bias RMSE Test Length
Balancing Method Rate <SE <SE <SE <SE <SE <SE <SE <
0,35 0,40 0,35 0,40 0,35 0,40 0,35 0,40
0,50 0,733 0487 -0,058 -0,021 0,782 0,881 38,637 8,919
EAP 0,75 0,749 0590 -0,002 0,024 0,801 0,802 42,095 9,186
2 Group 1,00 0,871 0570 0,012 0,038 0,508 0,780 39,365 11,136
0,50 0,852 0,548 -0,023 0,016 0,528 0,850 37,140 8,522
MLE 0,75 0,861 05560 0,015 -0,035 0,492 0,828 38,951 7,355
1,00 0,886 0,585 0,007 -0,056 0,481 0,786 39,580 10,300
0,50 0,818 0,573 -0,007 -0,013 0,581 0,830 38,051 8,122
EAP 0,75 0,865 0,610 -0,026 0,026 0,519 0,784 39,932 11,837
4 Group 1,00 0,850 0,665 0,028 0,042 0,538 0,734 40,042 14,427
0,50 0,823 0,532 0,015 -0,012 0,577 0,864 37,755 8,270
MLE 0,75 0,857 0,596 -0,032 -0,004 0,524 0,789 39,569 9,193
1,00 0,842 0,551 0,060 -0,064 0,543 0,839 39,586 6,084

When the table 1 is examined, the lowest correlation value in all conditions of 0.35 standard error-based
termination is 0.733, this value is the highest (0.695) in the analysis based on 0.40 standard errors. The
bias values produced similar results in conditions where 0.35 and 0.40 standard error-based termination
rules are used. For all circumstances, the bias values were approached to zero for 0.35 standard error
when their absolute values are averaged. RMSE values range from 0.393 to 0.801 error-based
termination rule for 0.35; and 0.701 and 0.864 for 0.40 standard error-based termination rule. In all
conditions, RMSE values are estimated close to zero.

The test lengths range from 35.4 to 42.1 for 0.35 standard error-based termination criterion and from
3.2 to 14.4 for 0.35 standard error-based termination criterion. In this direction, it can be said that the
condition of 0.35 standard error is used perform better than the condition that 0.40 standard error is used.

When content balancing conditions are compared under similar conditions, the correlation values are
found to be higher in 1 group condition where there is no limitation in the item pool. The bias values
have been met approximately similar to all conditions. RMSE values are generally relatively close to
zero in 1 group condition. When the ability estimation is MLE, the deducted values are closer to each
other in content balancing groups.

In the case of a comparison between EAP and MLE estimation methods, when 2 groups are used as
content balancing condition, the MLE method was found to have higher correlation values, similar bias
value, RMSE values closer to zero and relatively shorter test length. In cases where 1 and 4 groups are
used as the content balancing condition, the values obtained in the EAP and MLE methods are similar.

When the values obtained according to exposure rates are examined, the correlation values are seen to
reduce as the exposure rates decrease. The bias values are mostly higher in the EAP method for 0.75
exposure rate, while the MLE method is higher in 0.5 and 1 exposure rates. RMSE values are relatively
estimated in both MLE and EAP methods as closer to each other and zero.

In the second stage, 15 and 30-item fixed test length is used according to the termination rules, the
analysis findings are given in Table 2.

Table 2.
Correlation, Bias, and RMSE Results by Fixed Test Length Termination Rule
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Content Estimation Exposure Correlation Bias RMSE
Balancing Method Rate 15 30 15 30 15 30
0,50 0,853 0,904 0,031 0,002 0,534 0,438
EAP 0,75 0,872 0,895 -0,034  -0,003 0,509 0,436
1,00 0,850 0,900 -0,009 0,015 0,532 0,432
1 Group
0,50 0,836 0,905 0,019 0,001 0,548 0,424
MLE 0,75 0,838 0,908 -0,015 0,011 0,514 0,415
1,00 0,857 0,892 0,019 -0,004 0,523 0,464
0,50 0,823 0,838 0,018 -0,009 0,577 0,555
EAP 0,75 0,790 0,798 -0,0056  -0,011 0,608 0,645
1,00 0,796 0,789 -0,022  -0,043 0,621 0,649
2 Group
0,50 0,770 0,823 -0,028  -0,0056 0,633 0,611
MLE 0,75 0,828 0,908 0,003 0,011 0,548 0,419
1,00 0,859 0,859 0,003 0,019 0,517 0,507
0,50 0,866 0,909 0,010 0,017 0,512 0,411
EAP 0,75 0,837 0,869 -0,007 0,015 0,540 0,486
1,00 0,858 0,894 -0,027 0,021 0,521 0,438
4 Group
0,50 0,839 0,889 -0,010 0,020 0,563 0,455
MLE 0,75 0,840 0,880 0,016 -0,020 0,545 0,463
1,00 0,853 0,899 0,044 0,027 0,516 0,435

When Table 2 is examined, except for the content balancing 2 group condition, the estimation method
EAP and exposure rate 1 condition, in all conditions correlation values based on the termination rule
with fixed test length are higher in 30-item constant testing lengths. According to test lengths, bias
values did not show a specific pattern according to the content balancing, estimation method and
exposure rate. The average of the absolute values of the bias values for all conditions were found closer
to zero for 30-item testing. Except for the content balancing 2 group condition, the estimation method
EAP and exposure rate 0.75 and 1 conditions; RMSE values were estimated to be smaller for 30-item
testing. In this respect, it can be said that the 30-item condition based on the fixed test length is better
performed than 15-item condition.

Under similar conditions, when content balancing conditions are compared, the correlation values were
higher in the case of 4 group limitations in the item pool. The bias values were predicted as similar.
RMSE values are relatively close to zero in conditions of the 1 group, 4 groups and 2 group limits,
respectively. The predicted values are closer to each other in content balancing groups when the ability
estimation is MLE.

When EAP and MLE estimation methods are compared, the correlation values, RMSE and bias values
are found to have no significant differences. When the values obtained according to exposure rates are
examined, the correlation and bias values are generally reduced as the exposure rate decreases in the
MLE method; however, RMSE and test length increase.

In order to facilitate the comments and comparisons obtained according to all conditions, the values
obtained by the averages of all other conditions are given in Table 3. When the test length averages are
taken, the fixed test lengths are not included in the mean.

Table 3.

Correlation, Bias, RMSE, and Test Length Averages by Simulation Conditions
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Conditions Correlation Bias RMSE Test Lenght
0,35 0,853 0,021 0,530 38,7
L 0,40 0,571 0,026 0,813 9,1
Termination Rule
15 0,837 0,018 0,548
30 0,875 0,014 0,482
o EAP 0,785 0,020 0,601 24,7
Estimation Method
MLE 0,783 0,019 0,585 23,1
1 0,803 0,016 0,554 23,0
Content Balancing 2 0,757 0,020 0,642 24,3
4 0,792 0,023 0,584 24,4
0,50 0,766 0,018 0,619 22,4
Exposure Rate 0,75 0,788 0,016 0,590 245
1,00 0,798 0,026 0,571 24,8

When Table 3 is examined, 0.853 in the standard error-based termination rule of 0.853, in 0.40 standard
error-based termination rule 0.571; in 15-item fixed test length 0.837, and in 30-item fixed test length
0.875 average correlation value was obtained. The highest correlation value was obtained in the
condition of 30-item constant test length. In the case of 30-item fixed test length, the bias value was
0.014 and the RMSE value was 0.482, and these values were found to be closer zero in all other
conditions.

The average test length was estimated as 38.7 in standard error-based termination rule as 0.35, and 9.1
in standard error-based termination rule in 0.40.

When the values are examined according to the estimation methods, it is estimated that the average
correlation value in EAP condition is 0.785 while it is 0.783 in MLE. These values are quite close; and
it is similar for the bias, RMSE and the test length. The average test length is estimated in EAP condition
as 24.7, and 23.1 in MLE condition.

For content balancing 1 group condition, the average correlation value is 0.803, 0.757 in 2 group
condition and 0. 792 in 4 group condition. The highest mean correlation value is in content balancing 1
group condition and the value of bias (0.016) and RMSE (0.554) is closest to zero (0.016). The average
test length was 23.0 in content balancing group 1, 24.3 in 2 group condition, and 24.3 in t4 group
condition.

The average correlation values according to exposure rate are 0.766 in 0.50, 0.75in 0.788 and 1 in 0.798
in 1. The highest average bias value (0.016) was obtained in exposure rate 0.75, while the average bias
value (0.016) is the smallest in exposure rate 0.75. RMSE is predominantly predicted in exposure rate 1
(0.571) closer to zero. The average test length was estimated 22.4 in exposure rate 0.50, 24.5in condition
0.75; 24.8 in condition 1.

Discussion and Conclusion

In general, when the results were examined, a standard error rule of 0.35 as a stop rule has performed in
terms of better in terms of RMSE, correlation, and bias. Similarly, in previously research where they
compared .30 and .40 standard error-based termination rule, Ozbas1 and Demirtasli (2015) determined
.30 standard error-based termination rule performed better than .40. 15 and 30-items test length
conditions based on fixed test length are added to standard error-based comparisons, 30 items test
performed better in terms of RMSE, correlation and bias among the four different termination rules.
These findings are supported by the studies in the literature (Eroglu & Kelecioglu 2015; Lee, 2014;
Calender, 2011; Babcock & Weiss, 2012).
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When the content balancing methods were compared within themselves, the highest correlation was
observed when the number of groups was 1 and low when the number of groups was 4. It was evaluated
that there was no interpretable relationship between the number of groups and the correlation, since the
values were not ordered depending on the number of groups and the difference between the correlation
values was small. Leung, Chang, and Hau (2003) conclude that content balancing does not have a
systematic effect on the measurement accuracy is in parallel with the findings of this study. In addition
to this, in the study mentioned, group 1 pattern, where there were not coverage balancing limitation,
performed well similarly. The reason why the content balancing influences the measurement accuracy
is the restrictions it brings to the item bank. It can be interpreted that if the item pool is large enough
and a parameters are or high or the number of content groups are few; content balancing will not affect
measurement accuracy significantly.

A noticeable difference was not detected between EAP and MLE ability estimation methods. Similarly,
in the studies carried out by Kezer (2014), Malak and Kelecioglu (2019), they have not found a
difference between EAP and MLE approaches. In addition, the analysis where EAP method used took
much time. It can be said that the use of the MLE method may be preferred in terms of the economic
use of time.

In the exposure rate, it can be said that the 1.00 condition is better performed than 0.75 and 0.50
conditions. However, in terms of the item security, the values obtained for the exposure rate at 1.00 and
0.75 are close, a value between 0.75 and 1.00 can be chosen for the exposure rate. In the case of exposure
rate conditions similar to content balancing conditions, the differences between the correlation values
obtained by 1.00, 0.75 and 0.50 were small. The exposure rate is also related to the restricting the use of
item bank such as content balancing. The fact that the difference between the conditions are small is due
to a sufficiently large item pool, it is thought that other items selected from the wide pool can make
similar estimations at certain points.

As a result, according to the results of the simulation, 0.35 standard error based 30 items fixed length
based termination rules; 1 group content balancing and between 0.75 and 1.00 exposure rate conditions
were seen to perform better in terms of RMSE, correlation and bias. In addition, in terms of test length,
ability estimation methods, content balancing patterns and exposure rates are estimated approximately
22 to 25, while the standard error-based termination rules are predicted to be 39 for 0.35 standard error
and 9 for 0.40 standard error.

The average correlation value obtained with a 15-item fixed termination rule is 0.837; This value is
0.875 for 30-item conditions. It was observed that there is only a 0.03 increase in the correlation value
in terms of test length between these two finishing rules. In this respect, 15-item termination condition
is considered more efficient.

In order to better observe the effects of content balancing and exposure rates, especially on the
measurement, it is thought that similar studies can be carried out with smaller item pools, with a greater
number of content groups, or lower exposure conditions. It is also thought that the content balancing
and exposure ratio variables can interact with the item selection methods. Therefore, a similar study can
also be performed by changing item selection methods.

In addition, because the low values of the standard error increase the measurement accuracy,
practitioners can determine the appropriate standard error according to the vitality of the test. If the
content balancing method is used, larger item pool is needed in each content area. Since there is no
significant difference between the MLE and EAP methods in terms of measurement accuracy, the MLE
method can provide to practitioners an advantage in terms of analysis time. In the large of item pool, the
item exposure rate did not differ much between 1 and 0.75. Practitioners should use a large item pool if
they want to use a item exposure rate.
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