International Journal of Turkish Educational Studies,
2023, 11 (21), 549-587
https://doi.org/10.46778/goputeb.1267319

F Y
A

ISSN: 2148-2314

The Effect of Test Design on Misrouting in Computerized Multistage

Testing’

Mahmut Sami Yigiter@ 0 Nuri DoganP i

@ Lect. Dr., Social Sciences University of Ankara, Ankara, Tiirkiye, mahmutsamiyigiter@gmail.com

b Prof. Dr., Hacettepe University, Ankara, Tiirkiye, nuridogan2004@gmail.com

ABSTRACT

Computerized Multistage Testing (MST) is an adaptive testing approach in which the
test taker completes stages and modules on a pre-assembled panel according to
his/her ability level. In MST, the test taker is routed to a module in the following stage
based on his/her responses to the module in each stage. The test taker is expected to
be routed to the module that fits his/her ability level best in the following stages. If
the test taker is not routed to the module appropriate to his/her ability level,
misrouting can be mentioned. Misrouting is thought to affect both measurement
accuracy and the test taker's psychology. Although it is very difficult to completely
eliminate misrouting, it is assumed that it can be reduced with the basic components
of the MST design. The purpose of this study is to determine the level of misrouting
according to different MST designs and to investigate the effects of changes in test
design on the level of misrouting. The main components that are considered to affect
misrouting are the MST test design [1-3, 1-2-3, 1-3-3], routing module design [Wide,
Narrow], test length [12, 24, 36] and module length [L-S, M-M, S-L]. This study, which
aims to reveal the current situation, is descriptive research and it was carried out by
simulation method. The results of the study show that MST design and components
can be effective in reducing misrouting. Three-stage MST designs offer lower
misrouting and higher measurement accuracy than two-stage MST designs.
Furthermore, increasing the test length and designing the routing module with a wide
range of abilities reduce the misrouting rate. According to the measurement accuracy
results, it can be stated that misrouting is not a significant problem in the MST in
general, although the measurement accuracy of the misrouted test takers is low. It
was concluded that the ability levels of the misrouted test takers were generally
concentrated at the intersection points of the module information functions of the
adjacent modules and generally in the middle of the ability scale.
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Introduction

Linear Tests (LT), in which all test takers take the same test forms, have historically been the most
frequently used method to measure students' knowledge, skills, and abilities in educational
assessments. However, in the last half-century, adaptive tests have improved and gained popularity
with the developments and models in computer software and hardware systems. Adaptive testing
is a type of computerized test in which the difficulty level of each question is adjusted by an
algorithm based on the test taker's response to the previous question (Wainer et al., 2001). Different
Adaptive Tests have been developed according to the basic components of the test. Computerized
Adaptive Testing (CAT), with shorter test length and more effective ability estimation,hase been
adopted in many testing applications around the world (Khorramdel et al., 2020). Computerized
Multistage Testing (MST), which has gained attention especially in recent years, is an adaptive
testing approach that takes benefits from the advantages and reduces the disadvantages of LT and
CAT (Zenisky et al., 2010).

In recent years, an MST has been used in many large-scale assessments due to its advantageous
aspects. The Certified Public Accountants (CPA) Examination in the USA has adopted the MST since
2004 (Breithaupt et al., 2006). In 2011, a revised version of the Graduate Record Examinations (GRE)
was administered with the MST. In 2011, the OECD used an adaptive approach with MST in a large-
scale international test in the Programme for the International Assessment of Adult Competencies
(PIAAC) (Kirsch & Lennon, 2017; Erdem Kara, 2022; Yigiter & Dogan, 2023). Moreover, in the PISA
2018 and TIMSS 2023 cycles, an MST-like multi-stage testing approach is used. The main reason why
MST has gained a place especially in international large-scale tests is that test forms like LT can be
prepared and revised before test administration, and it is an adaptive test approach in which a test
taker can progress based on his/her own ability level as in, CAT.

The modules and panels in the MST design are assembled from the items in the item pool before the
test implementation. The items in the item pool are assembled according to their specific
characteristics to form modules. The stages and panels are formed by assembling the modules on
the CAT design. Figure 1 shows the 1-3-3 CAT design consisting of three panels.

Figure 1
1-3-3 MST Design
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As can be seen in Figure 1, the 1-3-3 MST design consists of three panels with three stages in each
panel. As a test taker progresses through a panel, to which he/she is usually randomly assigned,
he/she first takes the top module called the routing module. Based on the test taker's responses to
the module, his/her interim ability level is estimated, and the test taker is assigned to one of the three
modules in the second stage at easy, medium, or hard level according to the routing rule. As in the
first stage, the interim ability level is estimated again at the end of the second stage, taking into
account the test taker's responses. The test taker is assigned to one of the modules in the third stage
according to the estimated ability level. After the test taker answers the third module, the final ability
level is estimated, and the test is ended.

Misrouting in Computerized Multistage Testing

While the CAT is an item-based adaptive test, MST is a module-based adaptive testing approach.
As the CAT is an item-based adaptive approach, the ability level is updated after each item is
administered to the test taker. In MST, the ability level is updated after each module. Therefore,
simulation studies show that the MST offers slightly lower measurement accuracy than the CAT due
to the lower number of adaptation points (Patsula, 1999; Wang, 2017). In addition, since the MST has
fewer adaptation points, it is thought that the effect of possible misrouting between stages will be
greater. In the MST, the assignment of a test taker to a module that is not appropriate for his/her
ability level is called misrouting. For example, a test taker with a true ability level of -1.25 takes the
routing module (1R) in the first stage of the 1-3 MST design. Then, in the second stage, he/she is
expected to be assigned to the easy (2E) module among the easy (2E), medium (2M) and difficult
(2D) modules. However, if the test taker is assigned to the medium (2M) or difficult (2D) module in
the second stage according to his/her interim ability level estimated from his/her answers to the
routing module, misrouting occurs. There may be two main reasons for misrouting. First, the test
taker may have performed above or below his/her ability level in the routing module and his/her
ability level may have been estimated higher or lower than his/her true ability level. The probability
of this situation occurring is generally low. Second, components in the test design may have caused
misrouting. For example, items in the routing module may not have successfully estimated the
student's ability level or there may have been errors in the routing rules. As a result of the
misrouting, it is expected that the test taker will be assigned to a module that is not appropriate for
his/her level. Assigning the test taker to a module that is not appropriate for his/her ability level will
lead to more errors in ability estimation due to the fact that the test taker has less information at the
true ability level. In addition, since the test taker is routed to the wrong module, the questions in the
module that are not at the test taker's true ability level (harder or easier questions) will affect the test
taker psychologically (Kim & Moses, 2014).

One of the main problems in the evaluation of the data obtained from educational tests is the
transformation of categorical data coded as true-false in the form of 1-0 into a continuous ability
scale (Erkus, 2013). Therefore, in the transition from categorical data to a continuous ability scale,
many items are needed to estimate the ability accurately. When ability is estimated based on a few
items, it is possible that the ability estimate may be lower or higher than the true ability level (Eroglu
& Kelecioglu, 2015). As a result, it seems impossible to reduce the probability of misrouting to zero
in CAT, MST or other adaptive testing approaches. However, it can be argued that it may be possible
to reduce the probability of misrouting with some changes in the test design.

Since the MST is an adaptive testing approach, an ability is estimated after each module and the test
taker is routed to one of the modules in the next stage according to this estimated ability level.
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Therefore, the fewer the number of items in the applied module, the higher the standard error of the
estimated ability will be and the estimated ability may be lower or higher than the true ability. In
this case, it is stated that increasing the number of items in the routing module is a variable that
reduces misrouting (Kim et al., 2015). On the other hand, according to the amount of item
information, designing the routing module in a wide ability range may be a variable that reduces
misrouting compared to designing it in a narrow ability range. Again, the fact that the MST design
consists of more than one stage is considered as a variable that may reduce misrouting. Also, as the
test length increases, the standard error of estimation decreases and measurement accuracy
increases. Therefore, it is thought that misrouting will decrease as the test length increases. Finally,
measurement accuracy should also be taken into account while evaluating the misrouting rate. For
example, the misrouting rate in LT is zero (because there is no routing), but the measurement
accuracy is also low compared to adaptive tests. Therefore, this study investigated the optimal
design that offers both high measurement accuracy and low misrouting rate.

Purpose and Significance of the Study

The purpose of this study is to compare the misrouting rates of different MST designs. Adaptive
testing approaches based on Item Response Theory are utilized in large-scale international
assessments such as CPA, GRE, PIAAC, TIMSS and PISA. There are two critical effects of misrouting
in CAT design: First, in the case of misrouting, item information is low as the module presented will
be far from the test taker's true ability level. Therefore, misrouting will reduce measurement
accuracy. Secondly, in the case of misrouting, the test taker will face questions that are harder or
easier than his/her ability level. This will affect the test taker psychologically during the test (Kim &
Moses, 2014). Considering these two critical effects, the importance of reducing misrouting emerges.
Studies in the literature show that the CAT offers better measurement accuracy than the MST by a
small amount (Patsula, 1999; Wang, 2017). The measurement accuracy of CAT is thought to be quite
similar to that of MST, reducing the misrouting rate. The idea that MST can provide similar
measurement accuracy results to CAT shows the importance of this study. In addition, it is seen that
the studies on misrouting in the literature are quite limited (Kim & Moses, 2014; Kim et al. 2015;
Karatoprak Ersen & Lee, 2023). Since the effects of different MST designs, different module lengths
and different routing module designs on the misrouting rate have not been included in previous
studies, it is thought that this study will provide important suggestions to researchers and
practitioners.

Research Questions
In this study, it is aimed to investigate the following research questions :

1. To what extent do misrouted rates and measurement accuracy of misrouted ones vary
according to different MST designs?

2. To what extent do misrouted rates and measurement accuracy of misrouted ones vary
according to different test lengths?

3. To what extent do misrouted rates and measurement accuracy of the misrouted ones vary
according to different module lengths?

4. To what extent do misrouted rates and measurement accuracy of misrouted ones vary
according to different routing module designs?
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5. What is the distribution of the ability levels of misrouted test takers?
Literature Review

Kim and Moses (2014) examined the effect of misrouting in a 1-3 MST design with one routing
module and two stages. The results of this study indicate that misrouting is concentrated on the
intersections of the module information functions and thus misrouting can have an impact on test
takers and has a minimal impact on measurement accuracy.

Kim, Moses, and Yoo (2015) compared different ability estimation methods under 1-3 MST design.
The results of this study report that as the length of the routing module increases, misrouting
decreases.

Karatoprak Ersen and Lee (2023), on the other hand, compared different item calibration methods
under 1-3 MST design and reported that the misrouting rate increased as the length of the routing
module decreased.

Method

In this study, the effects of the design and components of the MST on test takers' routed to the wrong
module were examined. The data in the study were generated by simulation method and
comparisons were made based on different conditions. Simulation studies are known as computer
experiments that involve the generation and analysis of data by random sampling with probability
distributions. These experiments are conducted to compare the performance of statistical methods
under certain scenarios and conditions. In the field of psychometrics, simulation studies have an
important place in the evaluation of methods, development and comparison of new methods
(Morris et al., 2019). Since it is very difficult to perform all the conditions considered in this study
on real data, simulation method is preferred. Since this study aims to reveal the misrouting situation
under different designs and components in MST, it can be claimed to be descriptive research
(Fraenkel et al., 2012).

The simulation study was conducted by varying three different MST designs (1-3, 1-2-3 and 1-3-3),
three different test lengths (12, 24 and 36), three different module length distributions (Long-Short
[L-S], Medium-Medium [M-M] and Short-Long [S-L]) and two different Routing Module Designs
(Wide Ability Range [-0.5, 0.0, 0.5] and Narrow Ability Range [0.0]). All conditions are crossed with
each other. Therefore, 3x3x3x2=54 conditions were analyzed in this study. For each condition, 100
replications were made and analyzed. In the study, open-source R software was used to generate
and analyze the data. "Rmst" (Luo, 2018) was used for automatic test assembly, "mstR" (Magis et al.,
2017) was used for MST analysis, and codes written by the researchers were used to detect
misrouting. Details about the simulation study are presented in the following sections.

Item and Ability Parameters

Within the scope of the research, the parameters of 200 items based on the 3PL model were generated
by considering the distributions in the literature (Feinberg & Rubright, 2016; Mooney, 1997). Item
discrimination parameters were obtained from log-normal distribution a~InN(0.3, 0.2), item
difficulty parameters were obtained from normal distribution b~N(0, 1), item guessing parameters
were obtained from beta distribution c~Beta(8, 32). Ability parameters were generated from the
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normal distribution 6~N(0, 1) for 1000 test takers. EAP method was used for ability estimation.

MST Design

Three different MST designs were used in this study, namely 1-3, 1-2-3 and 1-3-3. These MST designs
are shown in Figure 2.

Figure 2
1-3, 1-2-3 ve 1-3-3 MST Design
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Test Length

In this study, three different test lengths, 12, 24 and 36, are included under the test length condition.
Module Length

In this study, there are three different module lengths as Short-Long [S-L], Medium-Medium [M-M]
and Long-Short [L-S]. In the S-L module length, the modules in the first stage are short, while the
subsequent modules are of long test length. In the M-M module length, all module lengths are evenly
distributed. In the L-S module length, the routing module is long while the next module is short.
Table 1 shows the distribution of the number of items in the modules according to the two- and
three-stage MST designs and test lengths.

Table 1
Distribution of Module Lengths by Test Lengths
MST Design Test Length Long-Short [L-S] Medium-Medium [M-M]  Short-Long [S-L]
12 8-4 6-6 4-8
1-3 24 16-8 12-12 8-16
36 24-12 18-18 12-24
12 6-3-3 4-4-4 3-3-6
1-2-3 and 1-3-3 24 12-6-6 8-8-8 6-6-12
36 18-9-9 12-12-12 9-9-18

Ability Distribution of Modules and Routing Module

Table 2 shows the ability levels at which the amount of module information can be maximized when
assembling MST modules and panels.
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Table 2
Ability Levels at which Module Information is Maximized
MST Design Stage 1 Stage 2 Stage 3
Wide :6=0
1- 6=(1,0,1
3 Narrow : 8 = (-0.5, 0, 0.5) -1,0.1)
Wide :6=0
1-2-3 Narrow : 8 = (-0.5, 0, 0.5) 6=(0505 0=(L01)
1-3-3 Wide —:0=0 6 = (-0.75, 0, 0.75) 0=(1,0,1)

Narrow : 8 = (-0.5, 0, 0.5)

As seen in Table 2, there are two designs for the routing module: wide and narrow. In the wide
routing module design, it is aimed to maximize the module information level in the range © = (-0.5,
0.0, 0.5), while in the narrow routing module design, it is aimed to maximize the module information
level at © =0.

When Table 2 is analyzed, it is seen that the module information levels of the last stages of the MST
designs are designed to be the same in all MST designs with 6 = (-1, 0, 1). The modules in the second
stages of the three-stage 1-2-3 and 1-3-3 MST designs were designed with 0 = (-0.5, 0.5) and 0 = (-
0.75, 0, 0.75), respectively.

Detection of Misrouting

In the stage following the routing module - according to the MFI routing rule - a test taker should
be routed to the module that offers the maximum information according to his/her true ability level
among the modules. Therefore, in this study, test takers who were not routed to the module that
offered the maximum information based on their true ability level were labeled as misrouting. For
example, in the 1-3 MST design, a test taker with an ability level of O = 1.48 is expected to be routed
to the difficult module after the routing module. However, if the test taker's ability estimation
obtained from the test taker's responses to the routing module is low, and the test taker is routed to
one of the easy or medium difficulty modules, this is labeled as misrouting. In this study, 1-3, 1-2-3
and 1-3-3 MST designs are considered. The detection of misrouting was performed only on the last
stages of all MST designs. The limitation of this study is that the determination of misrouting is
based only on the last stage. To detect misrouting, the intersection points of the item information
functions of the modules in the last stage were determined and test takers who were not routed to
the module with the highest item information according to these points were labeled as misrouting.
The number of test takers who were misrouted out of 1000 test takers in all conditions was calculated
and reported as percentage (%).

Data Analysis

To analyze the data obtained from different MST designs and components, the relationships
between true and estimated ability parameters were interpreted by calculating Root Mean Square
Error (RMSE) and Mean Absolute Error (MAE) values. The formulas for RMSE and MAE values are
given below.

n (6.—0:
RMSE = [Pea(8i=60?

MAE — =116; — 6]
n
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In the study, RMSE and MAE values were calculated and presented separately for all participants,
for the correctly routed test takers and for the misrouted test takers in order to determine the change
in the measurement accuracy of the misrouted test takers. Finally, the percentage (%) of misrouted
test takers was calculated and presented.

Results

In this section, firstly, all the results obtained from the 54 conditions analyzed in the study are
presented in Table 3 and Table 4. Then, the findings based on the research questions are presented.

In Table 3 and Table 4, measurement accuracy findings obtained from all test takers are presented
with RMSE and MAE values. In addition, RMSE and MAE values from only the misrouted test takers
are presented in the columns of MR-RMSE and MR-MAE. Similarly, the RMSE and MAE values of
the correctly routed test takers are presented in the CR-RMSE and CR-MAE columns.

Table 3
Results from All Conditions (1-3 MST Design)
Routing Rate of
Design Lzsgih Mod.ule Ilt/i ?1(;?}11 RMSE Rl\lil/[RS_E R(li/IFS_E MAE 1\1\/;[15]_3 l\sljiii Misrouted
Design (%)
L-S 0.356 0.399 0.343 0274 0.320 0.261 214
Wide M-M 0.347 0.388 0.332 0.268 0.303 0.256 25.2
1 S-L 0.338 0.391 0.316 0.261 0.299 0.246 27.2
L-S 0356 0.394 0.344 0273 0.311 0.262 22.6
Narrow M-M  0.348 0.384 0.333 0267 0294 0.257 26.5
S-L 0.350 0.406 0.324 0.267 0.303 0.252 29.1
L-S 0.265 0.273 0.263 0.203 0.222 0.199 16.8
Wide M-M 0254 0277 0248 0.195 0218 0.190 18.6
13 o4 S-L 0.247 0269 0240 0.190 0.210 0.184 21.6
L-S 0.269 0.265 0.270 0.206 0.211 0.204 20.3
Narrow M-M 0258 0.264 0256 0.198 0.207 0.196 21.7
S-L 0.255 0.280 0.246 0.195 0.214 0.189 23.4
L-S 0.230 0.220 0.232 0.175 0.178 0.174 15.3
Wide M-M 0215 0218 0215 0.165 0.174 0.164 17.6
36 S-L 0211 0.222 0.208 0.162 0.176 0.159 19.0
L-S 0233 0.217 0236 0.177 0.173 0.178 17.6
Narrow M-M 0218 0219 0218 0.167 0.174 0.166 18.0
S-L 0214 0.225 0.211 0.165 0.176 0.162 214

* MR: Misrouting
* CR: Correctly Routing
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Table 4
Results from All Conditions (1-2-3 and 1-3-3 MST Designs)
Routing Rate of
Design L;rrf;h Mod.ule Tlfz ?1;?}1 RMSE Rl\lf/ll;_ R(li/IFS_E MAE Ii\/I/IE]_E 1\(/I:§;3 Misrouted
Design (%)
L-S 0.345 0.404 0330 0266 0.333 0251 18.7
Wide M-M 0.341 0405 0322 0.263 0.324 0.248 20.1
12 S-L 0.337 0410 0312 0.262 0.323 0.244 22.8
L-S 0.341 0386 0.329 0262 0.314 0.250 19.5
Narrow M-M 0.336 0401 0.318 0.258 0.320 0.243 19.5
S-L 0.325 0.404 0300 0.252 0.320 0.234 21.2
L-S 0.259 0285 0255 0.199 0235 0.193 14.2
Wide M-M 0.245 0.282 0238 0.189 0.233 0.182 13.9
123 24 S-L 0.244 0292 0234 0.189 0.235 0.180 16.0
L-S 0.258 0.288 0.252 0.198 0.239 0.191 14.2
Narrow M-M 0.247 0281 0.241 0.191 0.229 0.184 14.4
S-L 0.247 0293 0.237 0.191 0234 0.183 16.6
L-S 0.224 0.223 0224 0.170 0.180 0.168 14.0
Wide M-M 0.210 0223 0.207 0.161 0.183 0.158 124
36 S-L 0204 0.232 0.199 0.159 0.189 0.154 134
L-S 0.221 0.224 0.220 0.168 0.183 0.165 13.3
Narrow M-M 0.211 0228 0.209 0.162 0.188 0.158 12.5
S-L 0.204 0.237 0.199 0.160 0.193 0.154 13.8
L-S 0.345 0413 0.327 0267 0.338 0.249 19.6
Wide M-M 0.336 0.390 0.321 0.260 0.315 0.245 20.3
1 S-L 0.347 0.396 0.329 0.268 0.312 0.254 24.2
L-S 0.342 0395 0327 0264 0.319 0.250 19.9
Narrow M-M 0331 0373 0319 0255 0.298 0.244 21.1
S-L 0.331 0.386 0313 0.255 0.302 0.241 22.2
L-S 0262 0.273 0.260 0.200 0.226 0.195 15.0
Wide M-M 0.247 0274 0243 0.190 0.223 0.184 14.7
133 o4 S-L 0.245 0.267 0.240 0.188 0.214 0.183 17.4
L-S 0262 0.281 0258 0.200 0.229 0.194 15.4
Narrow M-M 0.252 0.271 0.248 0.193 0.219 0.188 15.6
S-L 0249 0279 0242 0.190 0.220 0.184 16.9
L-S 0.224 0.228 0223 0.170 0.187 0.167 13.3
Wide M-M 0.211 0224 0.209 0.161 0.184 0.158 12.8
36 S-L 0.209 0.224 0206 0.160 0.181 0.157 144
L-S 0.218 0234 0216 0.167 0.192 0.163 13.1
Narrow M-M 0.211 0227 0209 0.162 0.18 0.158 13.6
S-L 0.207 0.229 0.203 0.160 0.185 0.155 14.5

* MR: Misrouting
* CR: Correctly Routing
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When Table 3 and Table 4 are examined, it can be seen that the RMSE value varies between 0.204
and 0.356 and MAE values vary between 0.161 and 0.274 in all conditions. MR-RMSE values vary
between 0.217 and 0.413 and CR-RMSE values vary between 0.173 and 0.338. MR-MAE values range
between 0.199 and 0.344; CR-MAE values range between 0.154 and 0.262. According to both RMSE
and MAE values, it is seen that the measurement accuracy of the misrouted participants is lower
than the correctly routed participants. Therefore, it can be stated that misrouting is a threat to MST
designs in terms of measurement accuracy.

The misrouted rates in the tables are between 12.4% and 29.1%. This finding indicates that the
changes to be made on the design and components of the MST are effective in reducing misrouted.

In this section of the study, the findings related to the research questions are presented. The tables
in the research questions were obtained by averaging the conditions in Table 3 and Table 4.

Findings Related to the First Research Question

Table 5 shows the misrouting rate and measurement accuracy findings for different MST designs.

Table 5
Findings According to Different MST Designs
MST RMSE  MR-RMSE CR-RMSE MAE MR-MAE  CR-MAE Rate of
Design Misrouted (%)
1-3 0.275 0.295 0.269 0.212 0.231 0.206 21.3
1-2-3 0.266 0.305 0.257 0.205 0.248 0.197 16.1
1-3-3 0.268 0.298 0.261 0.206 0.241 0.198 16.8

The misrouted rate findings in Table 5 are visualized and presented in Figure 3.

Figure 3
Misrouting Rates According to Different MST Designs

M Rate of Misrouted

30
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As seen in Figure 3, while the misrouting rate is 21.3% in the 1-3 MST design, it is 16.1% and 16.8%
in the 1-2-3 and 1-3-3 MST designs, respectively. This finding shows that the misrouting rate

decreases in three-stage MST designs compared to two-stage MST designs. It can also be claimed
that the misrouting rate of the 1-2-3 MST design is slightly lower than the 1-3-3 MST design.
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The RMSE and MAE measurement accuracy findings in Table 5 are visualized and presented in
Figure 4.

Figure 4
Measurement Accuracy Results According to Different MST Designs
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Figure 4 shows that while the RMSE value obtained from the 1-3 MST design is 0.275, the RMSE
values obtained from the 1-2-3 and 1-3-3 MST designs are 0.266 and 0.268, respectively. Similarly,
while the MAE value obtained from the 1-3 MST design is 0.212, the MAE values obtained from the
1-2-3 and 1-3-3 MST design are 0.205 and 0.206, respectively. These findings indicate that the
measurement accuracy of the 1-2-3 and 1-3-3 MST designs is better than the 1-3 MST design. In
addition, the measurement accuracy findings of the 1-2-3 and 1-3-3 MST designs are quite similar
and it can be argued that the measurement accuracy of the 1-2-3 MST design is better by a smaller
difference. In addition, it is seen that the RMSE and MAE values of the test takers who were
misrouted in all MST designs were higher than those who were correctly routed. This finding shows
that the measurement accuracy of the misrouted test takers is low in all MST designs.

Findings Related to the Second Research Question

Misrouting rate and measurement accuracy findings for different test lengths are shown in Table 6.

Table 6
Findings According to Different Test Length

Test RMSE MR-RMSE CR-RMSE MAE  MR-MAE CR-MAE Rateof
Length Misrouted (%)
12 0.342 0.396 0.324 0.263 0.314 0.249 23
24 0.254 0277 0.248 0.195 0.223 0.189 17.0
36 0.215 0.225 0.214 0.165 0.182 0.162 15.0

The misrouting rate findings in Table 6 are visualized and presented in Figure 5.
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Figure 5

Misrouting Rates for Different Test Lengths

30

@ Rate of Misrouted

25

20

15

10

22,3
17
I 15
12 24 36

As can be seen in Figure 5, while the misrouting rate was 22.3% in 12 test lengths, it was 17.00% and
15.00% in 24 and 36 test lengths. This finding shows that the misrouting rate decreases as the test

length increases. In addition, while the misrouting rate decreased by 5.3% units from 12 to 24 test
lengths, it decreased by 2.0% units from 24 to 36 test lengths. Therefore, it should be noted that the
misrouting rate does not decrease linearly as the test length increases.

The RMSE and MAE measurement accuracy findings in Table 6 are visualized and presented in

Figure 6.

Figure 6

Measurement Accuracy Findings for Different Test Lengths
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Figure 6 shows that while the RMSE value obtained from 12 test lengths is 0.342, the RMSE values
obtained from 1-2-3 and 1-3-3 MST designs are 0.254 and 0.215, respectively. Similarly, while the
MAE value obtained from 12 test lengths is 0.263, the MAE values obtained from 24 and 36 test
lengths are 0.195 and 0.165, respectively. These findings show that measurement accuracy increases

as test length increases.
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As seen in Figure 6, while the difference between RMSE-RMSE and RMSE-RMSE is 0.072 (0.396-
0.324) at test length 12, this difference is 0.019 (0.277-0.248) and 0.014 (0.225-0.214) at test length 24
and 36, respectively. This shows that as the test length increases, the measurement accuracy of the
misrouted test takers increases significantly. In other words, increasing test length decreases both
the proportion of misrouted test takers and the ability estimation errors of misrouted test takers.

Findings Related to the Third Research Question

Measurement accuracy and misrouting findings according to different module lengths are shown in
Table 7.

Table 7
Findings According to Different Module Lengths
Modul " pMSE MRRMSE CRRMSE ~ MAE ~ MRMAE  CRMAE _ raeof
Length Misrouted (%)
L-S 0.278 0.300 0.273 0.213 0.244 0.206 16.9
M-M 0.268 0.296 0.260 0.206 0.237 0.199 17.7
S-L 0.265 0.302 0.253 0.204 0.238 0.195 19.7

The misrouting rate findings in Table 7 are visualized and presented in Figure 7.

Figure 7
Misrouting Rates According to Different Module Lengths
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As can be seen in Figure 7, while the misrouting rate is 16.9% for the L-S module length, it is 17.7%
and 19.7% for the M-M and S-L module lengths, respectively. This finding shows that the misrouting
rate decreases as the length of the routing module increases.

The RMSE and MAE measurement accuracy findings in Table 7 are visualized and presented in
Figure 8.
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Figure 8
Measurement Accuracy Results for Different Module Lengths
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Figure 8 shows that the RMSE value obtained from the L-S module length is 0.278, while the RMSE
values obtained from the M-M and S-L module lengths are 0.268 and 0.205, respectively. Similarly,
the MAE value obtained from the L-S module length is 0.213, while the MAE values obtained from
the M-M and S-L module lengths are 0.268 and 0.265, respectively. These findings show that the
measurement accuracy decreases slightly as the routing module length increases. Therefore, as the
routing module length increases, misrouting decreases and measurement accuracy decreases at the
same time. At this point, it is clear that the module length should be decided by taking into account
the measurement accuracy as well as the misrouting.

As seen in Figure 8, it can be stated that the measurement accuracy of the test takers who were
misrouted in L-S, M-M and S-L module lengths was lower than the test takers who were correctly
routed.

Findings Related to the Fourth Research Question

Table 8 shows the measurement accuracy and misrouting findings according to different routing
module designs.

Table 8
Findings According to Different Routing Module Designs
Routing Rate of
Module RMSE MR-RMSE CR-RMSE MAE MR-MAE CR-MAE .
. Misrouted (%)
Design
Wide 0.270 0.300 0.262 0.208 0.241 0.200 17.7
Narrow 0.270 0.299 0.262 0.208 0.238 0.200 18.4

The misrouting rate findings in Table 8 are visualized and presented in Figure 9.
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Figure 9
Misrouting Rates According to Different Routing Module Designs

M Rate of Misrouted

30

25

20 17,7 18,4

15

10
Wide Narrow

As seen in Figure 9, the misrouting rate of the wide routing module design is 17.7%, while the
misrouting rate of the narrow routing module design is 18.4%. This finding shows that the wide
routing module has a lower misrouting rate than the narrow routing module. In other words, the
wide routing design reduces the misrouting rate compared to the narrow routing design.

The RMSE and MAE measurement accuracy findings in Table 8 are visualized and presented in
Figure 10.

Figure 10

Measurement Accuracy Findings According to Different Routing Designs
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Figure 10 shows that the RMSE value obtained from the wide module design is 0.270, while the
RMSE value obtained from the narrow module design is 0.270. Similarly, the MAE value obtained
from the wide module design is 0.208, while the MAE value obtained from the narrow module
design is 0.208. These findings show that the routing module design does not change the
measurement accuracy.
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As seen in Figure 10, it can be stated that the measurement accuracy of the misrouted ones is lower
than the measurement accuracy of the correctly routed ones in both wide and narrow routing
module design.

Findings Related to the Fifth Research Question

The ability distribution of misrouted test takers is presented in Figure 11 below.
Figure 11
Ability Levels of the Misrouted
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In Figure 11, the modules to which the misrouted test takers were routed in the last stage of the MST
design according to their true ability levels are colored on the histogram graph. The blue dashed
lines indicate the intersection points of the module information functions at the last stage. For
example, the point -0.502 in the "1-3 MST" graph represents the intersection point of the information
functions of easy (2E) and medium (2M) difficulty modules. The colors of the histogram bars indicate
to which module the test takers at the true ability level were misrouted. For example, in the turquoise
columns in the 1-3 MST design, misrouted test takers at the true ability level were redirected to
module 4 (the difficult module [2H] in the second stage) in the second stage. Similarly, in the 1-3-3
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MST design, the position of the pink columns indicates that test takers with the true ability level
were directed to the easy module (3K) in the third stage.

As seen in Figure 11, the true ability level of misrouted test takers is concentrated at the intersection
of module information functions and decreases towards the extremes of the ability scale. It can be
said that the fact that the ability levels of the misrouted test takers are located in the middle part of
the ability scale reduces the effect of misrouting on measurement accuracy.

Discussion

Computerized adaptive tests have displayed promising results in terms of higher test-taker
engagement, higher motivation, and lower anxiety levels (Ling et al., 2017; Martin & Ladenzic, 2018).
These advantages are based on the fact that adaptive tests provide test takers with items appropriate
for their ability level (Senel, 2021). Similarly, in MST, routing test takers to the most appropriate
module for their ability level is important in terms of both measurement accuracy and test

psychology.

In this study, the effects of different MST designs and different core components on misrouting were
examined. According to the results, three-stage MST designs have lower misrouting rates than two-
stage MST designs.

In terms of both measurement accuracy and misrouting rate, it was observed that the 1-2-3 and 1-3-
3 MST designs offered better measurement accuracy, while the 1-3-3 MST design had lower
measurement accuracy. There are many studies in the literature indicating that three-stage MST
designs offer higher measurement accuracy than two-stage MST designs (Sari & Huggins-Manley,
2017; Zenisky et al., 2010). In addition, in this study, the 1-2-3 MST design was found to offer better
measurement accuracy and lower misrouting rate than the 1-3-3 MST design.

According to the test length findings, it was observed that the misrouting rate decreased as the test
length increased. In addition to the decrease in the misrouting rate, the increase in test length also
significantly increased the measurement accuracy of the misrouted. However, the increase in test
length did not linearly increase the measurement accuracy and similarly did not linearly decrease
the misrouting rate. Therefore, to determine the test length, the targeted efficiency may not be
obtained from high test lengths. In a similar to the findings of this study, there are many studies in
the literature indicating that increasing test length will increase measurement accuracy (Thompson
& Weiss, 2011; Sahin, 2020; Erdem Kara & Dogan, 2022).

According to the module lengths, it was concluded that the misrouting rate decreased as the length
of the routing module increased. However, increasing the length of the routing module decreases
the length of the other stages, which are adaptive stages, which leads to a decrease in measurement
accuracy. In this respect, it is recommended to use the most appropriate module length by
considering both misrouting rates and measurement accuracy together. The findings of the current
study indicating that increasing the length of the routing module reduces the misrouting are similar
to the findings of the study by Kim et al. (2015) and Karatoprak Ersen and Lee (2023).

It was concluded that the design of the routing module in the wide ability range reduced the
misrouting rate compared to the narrow ability range. In addition, it was seen that designing the
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routing module in the wide and narrow ability range did not make a difference in terms of
measurement accuracy. Therefore, it is recommended to design the routing module in a wide range.
Similar to the results of the current study, Cai et al. (2021) state that misrouting decreases when the
amount of module information of the routing module increases. In addition, Sahin (2020) concluded
that the change in the difference between the b parameters does not make a significant difference on
the measurement accuracy. This finding of $Sahin (2020) supports the results of the current study.

It is found that the ability levels of the misrouted participants are concentrated around the
intersection points of the module information functions. Besides, the measurement accuracy of the
misrouted participants is lower than that of the correctly routed participants, but since the
measurement accuracy is not excessively different, it can be said that misrouting does not pose a
significant threat. The reason why the measurement accuracy of the misrouted participants was not
excessively different may be that these participants were concentrated in the middle points of the
ability scale. In a similar vein the results of this study, Kim and Moses (2014) state that misrouted
participants are concentrated on the cut-off points of cross-module information functions, so the
effect of misrouted participants on measurement accuracy is minimal. Similarly, Karamese (2022)
states that misrouted participants are concentrated around the cut-off score.

The results of this study show that misrouting in the MST slightly decreases measurement accuracy.
In order to reduce the misrouting rate, practitioners can make changes to the design and basic
components of the MST. According to the results of this study, increasing the number of stages of
the MST design, increasing the test length, and designing a large routing module will reduce the
misrouting rate. Regarding module lengths, it can be suggested that module lengths should be equal
in terms of both misrouting rate and measurement accuracy. In future studies, it may be
recommended to design studies on the effects of routing rules, ability estimation methods and item
pool characteristics on the misrouting rate.
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Bireysellestirilmis Cok Asamali Testler (BCAT), test katilimcisinin yetenek diizeyine gore
Onceden birlestirilmis panel {izerinde asama ve modiilleri tamamlayarak ilerledigi
bireysellestirilmis bir test yaklasimidir. Test katilimcisi, her asamada modiile verdigi
yanitlara gore ileriki asamada bir modiile yonlendirilir. Katilimcinin ilerleyen asamalarda
yetenek diizeyine en uygun modiile yonlendirilmesi beklenir. Eger ki katilima yetenek
diizeyine uygun modiile yonlendirilmiyorsa yanls yonlendirmeden bahsedilebilir. Yanlis
yonlendirmenin hem 6l¢me kesinligini hem de katilimcinin sinav psikolojisini etkiledigi
diisiiniilmektedir. Yanls yonlendirmeden tamamiyla kurtulmak ¢ok gii¢ olsa da BCAT
tasariminin temel bilesenleri ile azaltilabilecegi varsayilmaktadir. Bu ¢alismanin amaci,
farkli BCAT tasarimlarina gore yanlis yonlendirme diizeylerinin belirlenmesi ve test
yanlis
arastirilmasidir. Yanhis yonlendirmeyi etkileyecegi diisiiniilen temel bilesenler olarak
BCAT test tasarimu [1-3, 1-2-3, 1-3-3], yonlendirme modiilii tasarimi [Dar, Genis], test
uzunlugu [12, 24, 36] ve modiil uzunlugu [U-K, O-O, K-U] degisimlenmistir. Mevcut
durumu ortaya koymay: hedefleyen bu calisma, betimsel arastirma tiiriinde olup

tasariminda yapilacak degisimlerin yonlendirme diizeyine etkilerinin

simiilasyon yontemi ile gercgeklestirilmistir. Arastirma sonuglari, BCAT tasarim ve
bilegenlerinin yanls ydnlendirmeyi azaltmada etkili olabilecegini gostermektedir. Ug
asamali BCAT tasarimlar1 iki asamali BCAT tasarimma gore daha diisiik yanhs
yonlendirme ve daha yiiksek Ol¢gme kesinligi sunmaktadir. Ayrica, test uzunlugunun
arttirllmasi, yonlendirme modiiliiniin genis yetenek araliginda tasarlanmasi yanlis
yonlendirme oranmi diisiirmektedir. Olgme kesinligi sonuglarina gore yanlis
yonlendirilenlerin 6l¢gme kesinliginin diisiik olmasmin yaninda, yanlis yonlendirmenin
genel olarak BCAT'ta Onemli bir sorun olusturmadig ifade edilebilir. Yanhs
yonlendirilenlerin yetenek diizeylerinin bitisik modiillerin modiil bilgi fonksiyonlarinin
kesisim noktalarinda ve genellikle yetenek Olceginin ortalarinda yogunlastigi sonucuna
ulasilmistir.
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Giris

Egitim alaninda yapilan 6lgmelerde 6grencilerin bilgi, beceri ve yeteneklerini 6lgmede tiim smav
katimailarinin ayni test formlarini aldigi Dogrusal Testler (DT) tarihsel siiregte en sik kullanilan
yontem olmustur. Fakat son yarim ytizyildir bilgisayar yazilim ve donanimlarindaki gelismeler ve
gelistirilen modellerle birlikte uyarlanabilir testler gelisim gostermis ve popiilerlik kazanmistir.
Uyarlanabilir testler, bir testte test katilimcisinin bir 6nceki soruya verdigi yanita gore her sorunun
zorluk seviyesinin algoritma tarafindan ayarlandig: bilgisayarli bir test tiiriidiir (Wainer ve
digerleri, 2001). Testin temel bilesenlerine gore farkli Uyarlanabilir Testler gelistirilmistir. Daha kisa
test uzunlugu ve daha etkili yetenek kestirimi ile Bireysellestirilmis Bilgisayarli Testler (BBT),
Diinya’da pek cok test uygulamasinda benimsenmistir (Khorramdel ve digerleri, 2020). Ozellikle
son yillarda dikkat ¢eken Bireysellestirilmis Cok Asamali Testler (BCAT) ise DT ve BBT'nin avantajli
yonlerinden faydalanan ve dezavantajlarini azaltan uyarlanabilir bir test yaklagimidir (Zenisky ve
digerleri, 2010).

BCAT, ozellikle son yillarda avantajli yonlerinden dolay1 pek ¢ok genis oOlgekli sinavda
kullanilmaktadir. ABD’de gergeklestirilen Yeminli Mali Miisavirler (Certified Public Accountants -
CPA) Siavi, 2004'ten beri BCAT’1 benimsemistir (Breithaupt ve digerleri, 2006). Lisanstistii Kayat
Sinavlari’nin (Graduate Record Examinations - GRE) 2011’de gozden gegirilmis bir versiyonunu
BCAT ile uygulamistir. OECD, 2011 yilinda Uluslararas: Yetigkin Yeterliliklerini Degerlendirme
Programinda (PIAAC) BCAT ile uluslararas1 genis Olgekli bir testte uyarlanabilir bir yaklagim
kullanmistir (Kirsch ve Lennon, 2017; Erdem Kara, 2022; Yigiter ve Dogan, 2023). Ayrica PISA 2018
ve TIMSS 2023 dongiilerinde BCAT benzeri ¢ok asamali uyarlanabilir test yaklasimi
kullanilmaktadir. BCAT1n 6zellikle uluslararasi genis 6lgekli testlerde kendisine yer edinmesinin
temel sebebi DT gibi test uygulamasindan 6nce test formlarinin hazirlanabilir ve gézden gegirilebilir
olmas1 ve BBT gibi test katiimcisinin kendi yetenek diizeyinde ilerleyebildigi uyarlanabilir bir test
yaklagimi olmasidir.

BCAT tasariminda yer alan modiil ve paneller, madde havuzunda yer alan maddelerden test
uygulamasindan Once tasarlanip birlestirilir. Madde havuzunda yer alan maddeler belirli
ozelliklerine gore birlestirilerek modiiller olusturulur. Modyiillerin BCAT tasarimu tizerinde birlesimi
ile de asamalar ve paneller olusur. Sekil 1'de {i¢ panelden olusan 1-3-3 BCAT tasarimi yer
almaktadr.

Sekil 1
1-3-3 BCAT Tasarimz
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Sekil 1’de goriildiigii tizere 1-3-3 BCAT tasarimu ii¢ panelden olugsmakta ve panellerin her birinde {i¢
asama yer almaktadir. Sinava giren bir katilimai, genellikle rastgele atandig1 bir panel iizerinde
ilerlerken 6ncelikle yonlendirme modiilii ad1 verilen en iistteki modiilii alir. Katilimcinin modiile
verdigi yanitlara gore gegici yetenek diizeyi kestirilir ve katilimci, yonlendirme kuralina gore ikinci
asamada yer alan kolay, orta ya da zor giicliik diizeyindeki {i¢ modiilden birine atanir. Ilk asamada
oldugu gibi ikinci asamanin sonunda da katiimcinin verdigi yanitlar da dikkate alinarak tekrar
gecici yetenek diizeyi kestirilir ve kestirilen yetenek diizeyine gore katilimci, iiglincii asamadaki
modiillerden birine atanur. Katilimcinin tigiincii modiilii yanitlamasmin ardindan nihai yetenek
diizeyi kestirilir ve test sonlandirilir.

Bireysellestirilmis Cok Asamali Testlerde Yanlis Yonlendirme

BBT, madde bazinda bir uyarlanabilir test iken; BCAT, modiil bazinda bir uyarlanabilir test
yaklagimidir. BBT'nin madde bazinda uyarlanabilir bir yaklasim olmasi ile katilimcrya uygulanan
her maddeden sonra yetenek diizeyi giincellenir. BCAT ta ise her modiilden sonra yetenek diizeyi
giincellenmektedir. Dolayisiyla uyarlama noktasinin daha az olmasi sebebiyle yapilan simiilasyon
calismalar1 BCAT m BBT’den bir miktar daha diisiik 6lgme kesinligi sundugunu gostermektedir
(Patsula, 1999; Wang, 2017). Bunun yaninda BCAT 1in uyarlama noktasi sayisinin daha az olmasi
nedeniyle asamalar arasindaki olasi yanlis yonlendirmelerin etkisinin daha biiyiik olacag:
distiniilmektedir. BCAT ta bir sinav katilimcisinin yetenek diizeyine uygun olmayan bir modiile
atanmast yanlis ydnlendirme (misrouting) olarak adlandirilmaktadir. Ornegin gergek yetenek
diizeyi -1.25 olan bir smav katihimais: 1-3 BCAT tasarimi {izerinde birinci asamada yonlendirme
modiiliinti (1Y) alir. Ardindan ikinci asamada kolay (2K), orta (20) ve zor (2Z) gligliikteki
modiillerden kolay (2K) modiile atanmas1 beklenir. Fakat katilimci, yonlendirme modiiliine verdigi
yanitlardan kestirilen gegici yetenek diizeyine gore ikinci asamada orta (20) ya da zor (2Z) modiile
atanirsa yanlis yonlendirme gergeklesir. Yanlhs yonlendirmenin iki temel sebebi olabilir. Birincisi
katilimci, yonlendirme modiiliinde yetenek diizeyinin iizerinde veya altinda bir performans
sergilemistir ve yetenek diizeyi gercek yetenek diizeyinden yiiksek veya diisiik kestirilmis olabilir.
Bu durum genellikle olasiliksal olarak diistiktiir. Ikincisi ise test tasariminda yer alan bilesenler
yanlis yonlendirmeye neden olmus olabilir. Ornegin yoénlendirme modiiliinde yer alan maddeler
ogrencinin yetenek diizeyini bagsarili bir gsekilde kestirememis olabilir veya yonlendirme
kurallarinda hatalar olabilir. Ortaya ¢ikan yanlis yonlendirme sonucunda sinav katilimcisinin
yetenek diizeyine uygun olmayan bir modiile atanmasi ile yanhs atanan modiiliin katilimcinin
gercek yetenek diizeyinde daha az bilgi vermesi nedeniyle yetenegin hatali kestirilmesine neden
olmasi beklenir. Ayrica katiimcinin yanlis modiile yonlendirilmesinden dolay1 modiilde yer alan
sorular Ogrencinin yetenek diizeyinde olmayacagindan (daha zor veya daha kolay sorular)
psikolojik olarak katilimciy: etkileyecektir (Kim ve Moses, 2014).

Egitsel testlerden elde edilen verinin degerlendirilmesinde temel sorunlardan biri dogru-yanlis
olarak 1-0 seklinde kodlanan kategorik verinin siirekli olan bir yetenek 6lgegine doniistiiriilmesidir
(Erkus, 2013). Dolayisiyla kategorik veriden siirekli olan yetenek Olgegine geciste yetenegin hassas
bigimde kestirilmesi i¢in olduk¢a fazla sayida maddeye ihtiya¢ vardir. Az sayida madde ile
yetenegin kestirilmesi sonucunda yetenek kestiriminin gercek yetenek diizeyinden diisiik ya da
yliksek olmasi muhtemeldir (Eroglu ve Kelecioglu, 2015). Sonug olarak, BBT, BCAT veya diger
uyarlanabilir test yaklasimlarinda yanlis yonlendirme olasiifini sifira indirmek imkansiz
gortinmektedir. Fakat test tasariminda yapilacak bazi degisiklikler ile yanlis yonlendirme olasiligini
azaltmanin miimkiin olabilecegi diistiniilmektedir.
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BCAT, uyarlanabilir bir test yaklasimi oldugundan her modiilden sonra yetenek kestirimi yapilir ve
bu kestirilen yetenek diizeyine gore test katilimcisi siradaki asamadaki modiillerden birine
yonlendirilir. Dolayisiyla uygulanan modiildeki madde sayisi ne kadar az ise kestirilen yetenegin
standart hatas1 o diizeyde artacak ve kestirilen yetenek, gercek yetenekten diisiik veya yiiksek
olabilecektir. Bu durumda yonlendirme modiiliinde yer alan madde sayisinin arttirilmasinin yanls
yonlendirmeyi azaltan bir degisken oldugu ifade edilmektedir (Kim ve digerleri, 2015). Diger
taraftan, madde bilgi miktaria gore yonlendirme modiliiniin genis yetenek araliginda
tasarlanmasi, dar yetenek aralifinda tasarlanmasina gore yanlis yonlendirmeyi azaltan bir degisken
olabilir. Yine, BCAT tasariminin birden fazla asamadan olusmasi yanlis yonlendirmeyi azaltacak bir
degisken olarak diisiiniilmektedir. Son olarak, test uzunlugu arttik¢a kestirimlerin standart hatasi
azalmakta ve 6lgme kesinligi artmaktadir. Dolayisiyla test uzunlugu arttik¢a yanlis yonlendirmenin
azalacag diisiiniilmektedir. Son olarak yanls yonlendirme orani degerlendirilirken 6l¢gme kesinligi
de dikkate alinmalidir. Ornegin DT’de yanlis yonlendirme oram sifirdir (giinkii yénlendirme yok),
fakat olgme kesinligi de uyarlanabilir testlere gore diisiiktiir. Dolayisiyla bu arastirmada hem
yliksek Olgme kesinligi hem de diisiik yanlis yonlendirme orami sunan optimal tasarim
arastirilmistir.

Arastirmanin Amaci ve Onemi

Bu arastirmanin amaci, farkh BCAT tasarimlarnin yanlis yonlendirme oranlarinin
kargilastirilmasidir. Diinya’da CPA, GRE, PIAAC, TIMSS ve PISA gibi uluslararas: genis olgekli
simnavlarda Madde Tepki Kurami'na dayali uyarlanabilir test yaklasimlarindan faydalanilmaktadir.
BCAT tasariminda yanlis yonlendirmenin iki kritik etkisi vardir: Birincisi, yanlis yonlendirme
durumunda sunulan modiil, katilmcinin gercek yetenek diizeyinin uzaginda olacagindan madde
bilgisi diisiiktiir. Dolayisiyla yanls yénlendirme &lgme kesinligini azaltacaktir. Tkinci olarak ise
yanlis yonlendirme durumunda katilima yetenek diizeyinden daha zor ya da daha kolay sorular ile
karsilasacaktir. Bu durum katilimciyr sinav esnasinda psikolojik olarak etkileyecektir (Kim ve
Moses, 2014). Bu iki kritik etki g6z oniine alindiginda yanls yonlendirmenin azaltilmasmin 6nemi
ortaya ¢itkmaktadir. Literatiirde yapilan ¢alismalar BBT'nin BCAT tan az bir miktar fark ile daha iyi
ol¢me kesinligi sundugunu gostermektedir (Patsula, 1999; Wang, 2017). Bu ¢alismanin sonuglari ile
yanlis yonlendirme orani azaltilarak BCAT tan BBT ye oldukga benzer 6l¢me kesinligi sonuglari elde
edilebilecegi diislincesi bu c¢alismanin 6nemini ortaya koymaktadir. Ayrica yanlis yonlendirme
izerine literatiirde yapilan ¢calismalarin oldukga kisitli oldugu goriilmektedir (Kim ve Moses, 2014;
Kim ve digerleri, 2015; Karatoprak Ersen ve Lee, 2023). Bu calismada ele alinan farkli BCAT
tasarimlarmin, farkli modiil uzunluklarinin ve farkli yonlendirme modyiilii tasarimlarmnin yanlis
yonlendirme oranina etkilerine daha ©nce herhangi bir calismada yer verilmediginden; bu
calismanin arastirmacilara ve uygulayicilara onemli oneriler sunacag diistintilmektedir.

Arastirma Sorular:
Arastirmada incelenen kosullar altinda asagida yer alan bes arastirma sorusuna cevap aranmigtir:

1. Farkli BCAT tasarimlarma gore yanlis yonlendirme oranlar1 ve yanlis yonlendirilenlerin
olgme kesinligi ne diizeyde degisim gostermektedir?

2. Farkli test uzunluklarma gore yanlis yonlendirme oranlari ve yanlis yonlendirilenlerin 6lgme
kesinligi ne diizeyde degisim gostermektedir?

3. Farkli modiil uzunluklarma gore yanlis yonlendirme oranlar1 ve yanlis yonlendirilenlerin
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ol¢me kesinligi ne diizeyde degisim gostermektedir?

4. Farkli yonlendirme modiilii tasarimlarina gore yanlis yonlendirme oranlari ve yanls
yonlendirilenlerin 6lgme kesinligi ne diizeyde degisim gostermektedir?

5. Yanlis yonlendirilen katilimcilarin yetenek diizeylerinin dagilimi nasildir?
Ilgili Arastirmalar

Kim ve Moses (2014), bir yonlendirme modiilii ve iki asama igeren 1-3 BCAT tasariminda yanlis
yonlendirmenin etkisini incelemistir. Bu arastirmanin sonuglari, yanls yonlendirmenin modiil bilgi
fonksiyonlarmin kesisim bolgelerinde yogunlastigini ve dolayisiyla yanhs yonlendirmenin sinav
katilmcilara etkisinin olabilecegini ve olgme kesinligin ise minimum diizeyde etkiledigini
belirtmektedir.

Kim, Moses ve Yoo (2015), 1-3 BCAT tasarimi altinda farkli yetenek kestirimi yontemlerini
kargilastirmiglardir. Bu arastirmanin sonuglari, yonlendirme modiiliiniin uzunlugu arttik¢a yanls
yonlendirmenin azaldigini raporlamaktadir.

Karatoprak Ersen ve Lee (2023) ise 1-3 BCAT tasarimi altinda farkli madde kalibrasyon yontemlerini
kargilastirdig1 calismasinda, yonlendirme modiilii uzunlugu kisaldikga yanlis yonlendirme oraninin
arttigini bildirmektedir.

Yontem

Bu ¢alismada BCAT tasarim ve bilesenlerinin test katilimcilarinin yanlis modiile yonlendirilmesine
etkisi incelenmistir. Arastirmada yer alan veriler simiilasyon yontemi ile {iretilmis ve farkli kosullar
altinda karsilagtirmalar yapilmistir. Simiilasyon calismasi, olasilik dagilimlariyla rastgele 6rnekleme
yapilarak verilerin {iretilmesini ve analizin igeren bilgisayar deneyleri olarak bilinir. Bu deneyler,
belirli senaryo ve kosullar altinda istatistiksel yontemlerin performanslarmi karsilastirmak amaciyla
yapilmaktadir. Psikometri alaninda simiilasyon calismalari; yontemlerin degerlendirilmesi, yeni
yontemlerin gelistirilmesi ve karsilastirilmas: noktasinda onemli bir yer tutmaktadir (Morris ve
digerleri, 2019). Bu calismada ele alman tiim kosullarin gercek veri lizerinde ayn1 anda ele
alimmasmin ¢ok zor olmasi nedeniyle simiilasyon yontemi tercih edilmistir. Bu ¢alisma, BCAT ta
farkli tasarim ve bilesenler altinda yanlis yonlendirme durumunun ortaya konulmasin
amagladigindan betimsel arastirma oldugu soylenebilir (Fraenkel ve digerleri, 2012).

Arastirmada ti¢ farkli BCAT tasarimu (1-3, 1-2-3 ve 1-3-3), {i¢ farkl test uzunlugu (12, 24 ve 36), iig
tarkli modiil uzunlugu dagilimi (Uzun-Kisa [L-S], Orta-Orta [M-M] ve Kisa-Uzun [S-L]) ve iki farkh
Yonlendirme Modiilii Tasarimi (Genis Yetenek Aralig: [-0.5, 0.0, 0.5] ve Dar Yetenek Araligi [0.0])
kosullar1 degisimlenerek simiilasyon calismas: gerceklestirilmistir. Tiim kosullar birbirleri ile
caprazlanmistir. Dolayisiyla bu ¢alismada 3x3x3x2=54 kosul incelenmistir. Her kosul igin 100
replikasyon yapilarak analizler gerceklestirilmistir. Calismada verilerin tiiretilmesi ve analiz
edilmesi igin agik kaynak kodlu R yazilimindan faydalanilmistir. Otomatik test birlestirme igin
“Rmst” (Luo, 2018), BCAT analizleri i¢in “mstR” (Magis ve digerleri, 2017) paketleri ve yanls
yonlendirmenin tespit edilmesi i¢in arastirmacilar tarafindan yazilan kodlar kullanilmistir.
Simiilasyon calismasma dair ayrintilar asagida yer alan bagliklar altinda sunulmustur.
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Madde ve Yetenek Parametreleri

Arastirma kapsaminda 3PL modele dayali olarak 200 maddenin parametreleri literatiirde yer alan
dagilimlar g6z 6ntine alinarak iiretilmistir (Feinberg ve Rubright, 2016; Mooney, 1997). Madde ayirt
edicilik parametreleri log-normal dagilimdan a~InN(0.3, 0.2), madde giigliik parametreleri normal
dagilimdan b~N(0, 1), madde sans (guessing) parametreleri beta dagilimindan c~Beta(8, 32) elde
edilmistir. Yetenek parametreleri ise 1000 test katilimcis1 olacak sekilde normal dagilimdan 6~N(0,
1) tiretilmistir. Yetenek kestiriminde EAP yontemi kullanilmustir.

BCAT Tasarimi

Bu calismada 1-3, 1-2-3 ve 1-3-3 olmak {izere ii¢ farkli BCAT tasarimi kullanilmigtir. Bu BCAT
tasarimlar1 Sekil 2'te gosterilmektedir.

Sekil 2
1-3, 1-2-3 ve 1-3-3 BCAT Tasarimlari

| 1-3 BCAT Tasarmm I | 1-2-3 BCAT Tasarim 1-3-3 BCAT Tasarmm

Agama - 1
Yonlendirme Modiilii
(1Y)

Asama - 1
Yonlendirme Modiilii
(1Y)

Agsama - 1

Yanlendirme Modiilii
ay)

A 4

Agama - 2 Asama - 2 Asama - 2 Agama - 2 Agama - 2 Agama - 2 Asama - 2 Asama - 2
Kolay Modiil Orta Modiil Zor Modiil Kolay Modiil Zor Modiil Kolay Modiil Orta Modiil Zor Modiil

(2K) 20) (27) 2K) 27) (2K) 20) (27)

¥ Y, 4

Stage - 3 Stage - 3 Stage - 3 Stage - 3 Stage - 3 Stage - 3
Kolay Modiil Orta Modiil Zor Modiil Kolay Modiil Orta Modiil Zor Modiil
(3K) (30 3Z) (3K) (30) (3Z)

Test Uzunlugu

Bu calismada test uzunlugu kosulu altinda 12, 24 ve 36 olmak tizere ti¢ farkl test uzunluguna yer
verilmistir.

Modiil Uzunlugu

Bu ¢alismada modiil uzunlugu olarak Kisa-Uzun [K-U], Orta-Orta [O-O] ve Uzun-Kisa [U-K] olmak
iizere ii¢ farkli modiil uzunlugu yer almaktadir. K-U modjiil uzunlugunda 6ncelikle ilk asamadaki
modyiiller kisa iken, sonraki modiiller uzun test uzunlugundadir. O-O modiil uzunlugunda ise tiim
modiil uzunluklari esit bir sekilde dagitilmistir. U-K modiil uzunlugunda da yonlendirme modiilii
uzun iken sonraki modiil kisa uzunluktadir. Tablo 1'de iki ve ti¢ asamali BCAT tasarimlarina ve test
uzunluklarina gore modiillerde yer alan madde sayilarinin dagilimi gosterilmektedir.
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Tablo 1

Test Uzunluklarina Gore Modiil Uzunluklar: Dagilimi
BCAT

Test Uzunlugu Uzun-Kisa [L-S] Orta-Orta [M-M] Kisa-Uzun [S-L]
Tasarimlari
12 8-4 6-6 4-8
1-3 24 16-8 12-12 8-16
36 24-12 18-18 12-24
12 6-3-3 4-4-4 3-3-6
1-2-3 ve 1-3-3 24 12-6-6 8-8-8 6-6-12
36 18-9-9 12-12-12 9-9-18

Modiillerin Yetenek Dagilimlar1 ve Yonlendirme Modiilii

BCAT modiil ve panellerinin birlestirilmesinde modiil bilgi miktarinin maksimum diizeye
cikarilacag yetenek diizeyleri Tablo 2’de gosterilmektedir.

Tablo 2
Modiil Bilgisinin Maksimuma Ulasti§1 Yetenek Diizeyleri
BCAT Desenleri Asama 1 Asama 2 Asama 3
Dar :6=0
1- =(-1,0,1
3 Genis : 0 =(-0.5,0, 0.5) 6=¢101)
Dar :0=0
1-2-3 6=(-0.5,0.5 6=(1,0,1
Genis : 6 = (-0.5, 0, 0.5) (-:0-505) 1.0.1)
D : 0=
1-3-3 ar :6=0 6 = (-0.75, 0, 0.75) 8=(1,0,1)

Genis : 6 =(-0.5,0,0.5)

Tablo 2’'de goriildiigii lizere yonlendirme modiilii i¢in genis ve dar olmak tizere iki tasarim yer
almaktadir. Genis yonlendirme modiilii tasariminda 9 = (-0.5, 0.0, 0.5) araliginda modiil bilgi
diizeyinin maksimum diizeye ¢ikarilmas: hedeflenirken, dar yonlendirme modiilii tasariminda ise
8 =0 diizeyinde modiil bilgi diizeyinde modiil bilgisinin maksimuma ¢ikarilmas1 hedeflenmistir.

Tablo 2 incelendiginde BCAT tasarimlarinin son asamalarmin modiil bilgi diizeylerinin 6 = (-1, 0, 1)
olacak sekilde tiim BCAT tasarimlarinda ayni olacak sekilde tasarlanmuistir. Ucg asamali 1-2-3 ve 1-3-
3 BCAT tasarimlarinin ikinci asamalarinda yer alan modiiller ise sirasiyla 8 = (-0.5, 0.5) ve 8 = (-0.75,
0, 0.75) olacak sekilde tasarlanmuistir.

Yanlis Yonlendirmenin Tespiti

Bir katilimci, yonlendirme modiiliiniin ardindan gelen asamada - MFI yonlendirme kuralina gore-
modyiller arasinda gergek yetenek diizeyine gore maksimum bilgi sunan modiile yonlendirilmelidir.
Dolayisiyla bu calismada gercek yetenek diizeyine gore maksimum bilgi sunan modiile
yonlendirilmeyen katilimcilar yanls yonlendirme olarak etiketlenmistir. Ornegin 1-3 BCAT
tasariminda 6 = 1.48 yetenek diizeyindeki bir katilimcinin yénlendirme modiiliiniin ardindan zor
modiile yonlendirilmesi beklenir. Fakat katiimcinin yonlendirme modiiliine verdigi yanitlardan
elde edilen yetenek kestiriminin diisiik olmas: durumunda bu katilimci kolay veya orta glicliikteki
modiillerden birine yonlendiriliyorsa bu durum yanlis yonlendirme olarak degerlendirilmektedir.
Bu calismada 1-3, 1-2-3 ve 1-3-3 BCAT tasarimlar1 ele alinmistir. Yanlis yonlendirmenin tespiti
yalnizca tiim BCAT tasarimlarmin son asamalari tizerinden gergeklestirilmistir. Yanls
yonlendirmenin tespitinin yalnizca son asamaya gore belirlenmesi bu aragtirmanin simirliligidir.
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Yanlis yonlendirmenin belirlenmesinde son asamadaki modiillerin madde bilgi fonksiyonlarinin
kesistigi noktalar belirlenmis ve bu noktalara gore en yiiksek madde bilgisi sunan modiile
yonlendirilmeyen katilimcilar yanlis yonlendirme olarak etiketlenmistir. Tiim kosullarda 1000
katiimcindan kagmin yanhs yonlendirildigi hesaplanmis ve yiizde (%) tizerinden raporlanmustir.

Verilerin Analizi

Verilerin analizinde farkli BCAT tasarim ve bilesenlerinden elde edilen verilerin degerlendirilmesi
icin gercek ve kestirilen birey parametreleri arasindaki iliskiler Hata Kareleri Ortalamasinin
Karekokii (Root Mean Square Error — RMSE) ve ortalama mutlak hata (OMH) degerleri
hesaplanarak yorumlanmistir. RMSE ve OMH degerlerinin formdiilleri asagida yer almaktadur.

RMSE = /_21-:1(3:—902

OMH = ?zl |A91 - eil
n

Calismada yanlis yonlendirilenlerin 6l¢me kesinligindeki degisimin tespit edilebilmesi amaciyla
hem tiim katiimcilar i¢in hem de dogru yonlendirilen ve yanlis yonlendirilen katihimcilar icin RMSE
ve OMH degerleri ayr1 ayri1 hesaplanarak sunulmustur. Son olarak, yanlis yonlendirilenlerin
ylizdesi (%) hesaplanarak sunulmustur.

Bulgular

Bu boliimde oncelikle arastirmada incelenen 54 kosuldan elde edilen tiim sonuglar Tablo 3 ve Tablo
4’te sunulmustur. Ardindan arastirma sorular1 bazinda bulgulara yer verilmistir.

Tablo 3 ve Tablo 4’te tiim katilimcilardan elde edilen 6l¢me kesinligi bulgular1t RMSE ve OMH
degerleri ile sunulmustur. Ayrica sadece yanlis yonlendirilen katiimcilarin RMSE ve OMH
degerleri YY-RMSE ve YY-OMH siitunlarinda yer almaktadir. Benzer sekilde dogru
yonlendirilenlerin RMSE ve OMH degerleri ise DY-RMSE ve DY-OMH siitunlarinda sunulmustur.
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Tablo 3
Tiim Kosullardan Elde Edilen Sonuclar (1-3 BCAT Tasarimz)
Yonlendirme . Yanl
Tasarim Uzzfigu Modiilii Uﬁﬁ‘l‘;u RMSE Ri/}{s R[I\)}S'E OMH JI\ZH C])DI\}; Y(’jnlendiiilen
Tasarimi Orani (%)
UK 0.356 0.399 0343 0.274 0.320 0.261 21.4
Genis 0-0 0.347 0.388 0.332 0.268 0.303 0.256 25.2
1 K-U 0.338 0391 0316 0.261 0.299 0.246 27.2
U-K 0356 0.394 0.344 0273 0311 0.262 22.6
Dar 0-0 0.348 0.384 0.333 0267 0.294 0.257 26.5
K-U 0.350 0.406 0324 0.267 0.303 0.252 29.1
U-K 0265 0273 0263 0203 0.222 0.199 16.8
Genis (02 ) 0254 0277 0.248 0.195 0.218 0.190 18.6
13 o4 K-U 0247 0269 0.240 0.190 0.210 0.184 21.6
UK 0.269 0265 0270 0.206 0.211 0.204 20.3
Dar 0-0 0258 0.264 0.256 0.198 0.207 0.196 21.7
K-U 0.255 0.280 0246 0.195 0.214 0.189 23.4
UK 0230 0220 0.232 0.175 0.178 0.174 15.3
Genis 0-0 0215 0218 0215 0.165 0.174 0.164 17.6
36 K-U 0211 0.222 0208 0.162 0.176 0.159 19.0
U-K 0233 0217 0236 0.177 0.173 0.178 17.6
Dar 0-0 0218 0219 0.218 0.167 0.174 0.166 18.0
K-U 0214 0225 0211 0.165 0.176 0.162 21.4

*YY: Yanlig Yonlendirme
*DY: Dogru Yonlendirme
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Tablo 4
Tiim Kosullardan Elde Edilen Sonuclar (1-2-3 ve 1-3-3 BCAT Tasarimlar1)
Yonlendirme . Yanlx
Tasarim Uzzre;;gu Modiilii Uﬁﬁ‘;;u RMSE Rﬁ{s_ R%E OMH gI\ZH (?1\)1{1_{ Yé')nlendiiilen
Tasarimi Orani (%o)
U-K 0.345 0.404 0330 0266 0333 0.251 18.7
Genis 0-0 0.341 0.405 0.322 0263 0324 0.248 20.1
1 K-U 0.337 0.410 0312 0262 0323 0.244 22.8
U-K 0.341 038 0.329 0262 0314 0.250 19.5
Dar 0-0 0.336  0.401 0.318 0.258 0.320 0.243 19.5
K-U 0.325 0404 0300 0252 0320 0.234 21.2
U-K 0259 0285 0.255 0.199 0.235 0.193 14.2
Genis 0-0 0.245 0282 0238 0.189 0233 0.182 13.9
123 o4 K-U 0244 0292 0234 0.189 0235 0.180 16.0
UK 0.258 0.288 0252 0.198 0239 0.191 14.2
Dar 0-0 0247 0281 0.241 0.191 0229 0.184 14.4
K-U 0.247 0293 0237 0.191 0234 0.183 16.6
UK 0.224 0.223 0224 0170 0.180 0.168 14.0
Genis (02 ) 0210 0223 0.207 0.161 0.183 0.158 12.4
36 K-U 0204 0232 0.199 0.159 0.189 0.154 13.4
UK 0.221 0.224 0220 0.168 0.183 0.165 13.3
Dar 0-0 0211 0228 0.209 0.162 0.188 0.158 12.5
K-U 0204 0237 0199 0.160 0.193 0.154 13.8
UK 0.345 0413 0327 0267 0.338 0.249 19.6
Genis (O ) 0336 0.390 0321 0260 0315 0.245 20.3
1 K-U 0.347 0.396 0.329 0.268 0312 0.254 24.2
U-K 0342 0395 0.327 0264 0319 0.250 19.9
Dar 0-0 0331 0373 0319 0255 0298 0.244 21.1
K-U 0.331 0.38 0313 0.255 0.302 0.241 22.2
U-K 0262 0273 0260 0200 0226 0.195 15.0
Genis 0-0 0247 0274 0.243 0.190 0223 0.184 14.7
133 o4 K-U 0245 0267 0240 0.188 0.214 0.183 17.4
U-K 0262 0281 0258 0.200 0.229 0.194 15.4
Dar 0-0 0.252 0.271 0248 0.193 0219 0.188 15.6
K-U 0249 0279 0242 0.190 0220 0.184 16.9
U-K 0224 0228 0223 0170 0.187 0.167 13.3
Genis O-0 0211 0224 0209 0161 0.184 0.158 12.8
36 K-U 0209 0224 0206 0.160 0.181 0.157 14.4
U-K 0218 0234 0216 0167 0.192 0.163 13.1
Dar 0-0 0211 0.227 0209 0.162 0.186 0.158 13.6
K-U 0.207 0229 0203 0.160 0.185 0.155 14.5

*YY: Yanlis Yonlendirme
*DY: Dogru Yonlendirme

Tablo 3 ve Tablo 4 incelendiginde tiim kosullarda RMSE degerinin 0.204 ile 0.356, OMH degerlerinin
ise 0.161 ile 0.274 araliginda degistigi goriilmektedir. YY-RMSE degerleri 0.217 ile 0.413; DY-RMSE
degerleri ise 0.173 ile 0.338 araliginda degismektedir. YY-OMH degerleri 0.199 ile 0.344; DY-OMH
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degerleri ise 0.154 ile 0.262 araliginda degismektedir. Hem RMSE hem de OMH degerlerine gore
genel olarak bakildiginda yanlis yonlendirilenlerin 6lgme kesinliginin dogru yonlendirilenlere gore
daha diisiik oldugu goriilmektedir. Dolayisiyla yanlis yonlendirmenin 6l¢gme kesinligi acisindan
BCAT tasarimlari igin bir tehdit olusturdugu ifade edilebilir.

Tablolarda yer alan yanlis yonlendirilen oranlari ise %12.4 ile %29.1 araligindadir. Bu bulgu ise
BCAT’ta tasarim ve bilesenler {izerinde yapilacak degisimlerin yanlhs yonlendirmeyi azaltmada
etkili olduguna isaret etmektedir.

Arastirmanin bu boliimiinde arastirma sorularina iliskin bulgulara yer verilmistir. Arastirma
sorularinda yer alan tablolar Tablo 3 ve Tablo 4’teki kosullarin ortalamasi alinarak elde edilmistir.

Birinci Arastirma Sorusuna iliskin Bulgular

Farkli BCAT tasarimlarina gore yanlis yonlendirme orani ve 6lgme kesinligi bulgular1 Tablo 5'te

gosterilmektedir.
Tablo 5
Farkli BCAT Tasarimlarina Gore Bulgular
BCAT Yanlis
. RMSE YY-RMSE DY-RMSE OMH YY-OMH DY-OMH Yonlendirme
Design
Orani (%)
1-3 0.275 0.295 0.269 0.212 0.231 0.206 21.3
1-2-3 0.266 0.305 0.257 0.205 0.248 0.197 16.1
1-3-3 0.268 0.298 0.261 0.206 0.241 0.198 16.8

Tablo 5'te yer alan yanlis yonlendirme orani bulgular: Sekil 3'de gorsellestirilerek sunulmustur.

Sekil 3

Farkli BCAT Tasarimlarina Gore Yanlis Yonlendirme Oranlart

@ Yanlis Yonlendirilen Orani

30

25

21,3
20
161 16,8
i R
10
1-3 1-2-3 1-3-3

Sekil 3'de gorildugii tizere 1-3 BCAT tasariminda yanlis yonlendirme orani %21.3 iken, 1-2-3 ve 1-

3-3 BCAT tasarimlarinda sirasiyla %16.1 ve 16.8 oldugu goriilmektedir. Bu bulgu ii¢ asamali BCAT
tasarimlarinda iki agsamali BCAT tasarimlarna gore yanhs yonlendirmenin azaldigim
gostermektedir. Ayrica 1-2-3 BCAT tasarimmnin yanhs yonlendirme oranmin 1-3-3 BCAT
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tasarimindan az da olsa diisiik oldugu ifade edilebilir.
Tablo 5’te yer alan RMSE ve OMH 6l¢me kesinligi bulgular: Sekil 4'te gorsellestirilerek sunulmustur.
Sekil 4

Farkli BCAT Tasarimlarina Gére Ol¢me Kesinligi Bulgulart

—0—RMSE —A—YY-RMSE ==0=DY-RMSE —0—OMH =£—YY-OMH =0=DY-OMH
0,45 0,40
0,40 0,35
0,35 A
0,30 PR 2 —

0,30 MmN Iirx S ——n
W 0,25
—}—

0,25

0,20 0,20

0,15 0,15
1-3 1-2-3 1-3-3 1-3 1-2-3 1-3-3

Sekil 4 incelendiginde 1-3 BCAT tasarimindan elde edilen RMSE degeri 0.275 iken, 1-2-3 ve 1-3-3
BCAT tasarimindan elde edilen RMSE degerleri sirasiyla 0.266 ve 0.268’dir. Benzer sekilde, 1-3
BCAT tasarimindan elde edilen OMH degeri 0.212 iken, 1-2-3 ve 1-3-3 BCAT tasarimindan elde
edilen OMH degerleri sirasiyla 0.205 ve 0.206"d1r. Bu bulgular 1-2-3 ve 1-3-3 BCAT tasarimlarinin
Ol¢me kesinliginin 1-3 BCAT tasarimindan daha iyi oldugunu gostermektedir. Ayrica 1-2-3 ve 1-3-3
BCAT tasarimlarmin 6lgme kesinligi bulgular: oldukga benzer olup 1-2-3 BCAT tasariminin 6lgme
kesinliginin daha az bir fark ile daha iyi oldugu soylenebilir. Ayrica tiim BCAT tasarimlarinda yanlis
yonlendirilen katilimcilarin RMSE ve OMH degerlerinin dogru yonlendirilenlere gore daha yiiksek
oldugu gortilmektedir. Bu bulgu tiim BCAT tasarimlarinda yanlis yonlendirilenlerin 6l¢me
kesinliginin az oldugunu gostermektedir.

Ikinci Arastirma Sorusuna iliskin Bulgular

Farkli test uzunluklarina gore yanlis yonlendirme oran1 ve dlgme kesinligi bulgular1 Tablo 6'da

gosterilmektedir.
Tablo 6
Farklr Test Uzunluklarina Gore Bulgular
Test Yanlis
y RMSE YY-RMSE DY-RMSE OMH YY-OMH DY-OMH Yonlendirme
Uzunlugu
Orani (%)
12 0.342 0.396 0.324 0.263 0.314 0.249 22.3
24 0.254 0.277 0.248 0.195 0.223 0.189 17.0
36 0.215 0.225 0.214 0.165 0.182 0.162 15.0

Tablo 6’da yer alan yanlis yonlendirme orani bulgular1 Sekil 5'te gorsellestirilerek sunulmustur.
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Sekil 5

Farkli Test Uzunluklarina Gore Yanlis Yonlendirme Oranlar

B Yanlis Yonlendirme Orani

30
25

22,3
20
17
15
) .
10
12 24 36

Sekil 5’te gortildiigii {izere 12 test uzunlugunda yanls yonlendirme orani %22.3 iken, 24 ve 36 test

uzunluklarinda %17.00 ve %15.00 oldugu goriilmektedir. Bu bulgu test uzunlugu arttikga yanlis
yonlendirme oraninin azaldigini gostermektedir. Ayrica 12 test uzunlugundan 24 test uzunluguna
yanlis yonlendirme orani %5.3 birim azalirken, 24 test uzunlugundan 36 test uzunluguna %2.0 birim
azalmistir. Dolayisiyla test uzunlugu arttikca yanhs yonlendirme oraninin dogrusal bir sekilde
azalmadig belirtilmelidir.

Tablo 6’da yer alan RMSE ve OMH ol¢me kesinligi bulgular1 Sekil 6’da gorsellestirilerek
sunulmustur.

Sekil 6
Farkl: Test Uzunluklarina Gére Oleme Kesinligi Bulgulart

—O—RMSE —#—YY-RMSE =0=DY-RMSE —0—-OMH —A—YY-OMH =0=DY-OMH
0,45 0,40
0,40 0,35
0,35
0,30
0,30
0,25
0,25
0,20 0,20
0,15 0,15
12 24 36 13 123 133

Sekil 6 incelendiginde 12 test uzunlugundan elde edilen RMSE degeri 0.342 iken, 1-2-3 ve 1-3-3
BCAT tasarimindan elde edilen RMSE degerleri sirasiyla 0.254 ve 0.215'dir. Benzer sekilde, 12 test
uzunlugundan elde edilen OMH degeri 0.263 iken, 24 ve 36 test uzunlugundan elde edilen OMH
degerleri sirasiyla 0.195 ve 0.165’d1r. Bu bulgular test uzunlugu arttik¢a 6l¢me kesinliginin arttigini
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gostermektedir.

Sekil 6’da goriildiigii tizere 12 test uzunlugunda YY-RMSE ve DY-RMSE farki 0.072 (0.396-0.324)
iken 24 ve 36 test uzunluklarinda bu fark sirasiyla 0.019 (0.277-0.248) ve 0.014 (0.225-0.214)
olmaktadir. Bu durum, test uzunlugu arttikca yanhs yonlendirilen katilimcilarin 6lgme kesinliginin
de belirgin bir sekilde arttigin1 gostermektedir. Diger bir deyisle, test uzunlugunun artmasi hem
yanlis yonlendirilenlerin oranmmi hem de yanls yonlendirilenlerin yetenek kestirimi hatalarim
azaltmaktadir.

Uciincii Arastirma Sorusuna Iliskin Bulgular

Farkli modiil uzunluklarma gore 6l¢me kesinligi ve yanhs yonlendirme bulgular1 Tablo 7’de

gosterilmektedir.
Tablo 7
Farkl: Modiil Uzunluklarina Gore Bulgular
Modiil Yanlis
. RMSE  YY-RMSE DY-RMSE OMH YY-OMH DY-OMH Yoénlendirme
Uzunlugu
Orani (%)
U-K 0.278 0.300 0.273 0.213 0.244 0.206 16.9
O-0 0.268 0.296 0.260 0.206 0.237 0.199 17.7
K-U 0.265 0.302 0.253 0.204 0.238 0.195 19.7

Tablo 7’de yer alan yanlis yonlendirme orani bulgular: Sekil 7’de gorsellestirilerek sunulmustur.

Sekil 7

Farkl: Modiil Uzunluklarina Gére Yanlis Yonlendirme Oranlar

E Yanlis Yonlendirilen Orani
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Sekil 7'de goriildiigii tizere U-K modiil uzunlugunda yanlis yonlendirme orani %16.9 iken, O-O ve
K-U modiil uzunlugu oranlarinda sirasiyla %17.7 ve %19.7 oldugu goriilmektedir. Bu bulgu,
yonlendirme modiiliiniin uzunlugu arttikca yanhs yonlendirme oraninin azaldigini gostermektedir.

Tablo 7’de yer alan RMSE ve OMH ol¢me kesinligi bulgulari Sekil 8'de gorsellestirilerek
sunulmustur.
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Sekil 8
Farkli Modiil Uzunluklarina Gore Olgme Kesinligi Bulgular:

—0-RMSE —A—YY-RMSE —0—DY-RMSE —-OMH ——YY-OMH —0—DY-OMH
0,45 0,40
0,40 0,35
0,35
0,30
0,30 A— LA —
@% 0,25 )
0,25 i 2
1
0,20 0,20 = =
0,15 0,15

U-K O-0 K-U U-K O-0 K-U

Sekil 8 incelendiginde U-K modiil uzunlugundan elde edilen RMSE degeri 0.278 iken, O-O ve K-U
modiil uzunluklarindan elde edilen RMSE degerleri sirasiyla 0.268 ve 0.205’tir. Benzer sekilde, U-K
modiil uzunlugundan elde edilen OMH degeri 0.213 iken, O-O ve K-U modiil uzunlugundan elde
edilen OMH degerleri sirasiyla 0.268 ve 0.265’tir. Bu bulgular yonlendirme modiilii uzunlugu
arttikca 6lgme kesinliginin bir miktar azaldigini gostermektedir. Dolayisiyla yonlendirme modiilii
uzunlugu arttik¢a yanhs yonlendirme azalirken, ayni1 zamanda 6lgme kesinligi de azalmaktadir. Bu
noktada yanlis yonlendirmenin yaninda 6l¢me kesinligi de dikkate alinarak modiil uzunluguna
karar vermek gerektigi anlagilmaktadir.

Sekil 8'de goriildiigi tizere U-K, O-O ve K-U modiil uzunluklarinda yanhs yonlendirilen
katilimcilarin 6l¢me kesinliginin dogru yonlendirilenlerden daha diisiik oldugu belirtilebilir.

Dordiincii Arastirma Sorusuna iligkin Bulgular

Farkl1 yonlendirme modyiilii tasarimlarina gore 6l¢me kesinligi ve yanhs yonlendirme bulgular:
Tablo 8’de gosterilmektedir.

Tablo 8
Farkl: Yonlendirme Modiilii Tasarimlarina Gore Bulgular
Yonlendirme Yanlis
Modiilii RMSE YY-RMSE DY-RMSE OMH YY-OMH DY-OMH Yonlendirme
Tasarimi Orant (%)
Genis 0.270 0.300 0.262 0.208 0.241 0.200 17.7
Dar 0.270 0.299 0.262 0.208 0.238 0.200 18.4

Tablo 8'de yer alan yanlis yonlendirme orani bulgular: Sekil 9'da gorsellestirilerek sunulmustur.
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Sekil 9

Farkli Yonlendirme Modiilii Tasarumlarina Gore Yanlis Yonlendirme Oranlar

@ Yanlis Yonlendirilen Orani
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Sekil 9'da goriildiigii tizere genis yonlendirme modiilii tasariminin yanlis yonlendirme orani %17.7
iken, dar yonlendirme modiilii tasariminin yanhs yonlendirme orani %18,4’tiir. Bu bulgu, genis
yonlendirme modiiliiniin, dar yonlendirme modiiliine gore daha diisiik yanls yonlendirme oranina
sahip oldugunu gostermektedir. Diger bir deyisle, genis yonlendirme tasarimi, dar yonlendirme
tasarimina gore yanlis yonlendirme oranini azaltmaktadir.

Tablo 8de yer alan RMSE ve OMH o6l¢cme kesinligi bulgulart $ekil 10’da gorsellestirilerek
sunulmustur.

Sekil 10

Farkl: Yénlendirme Tasarimlarma Gore Olcme Kesinligi Bulgulart
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Sekil 10 incelendiginde genis modiil tasarimindan RMSE degeri 0.270 iken, dar modjiil tasarimindan
elde edilen RMSE degeri 0.270’tir. Benzer sekilde, genis modiil tasarimindan elde edilen OMH
degeri 0.208 iken, dar modiil tasarimindan elde edilen OMH degeri 0.208'dir. Bu bulgular
yonlendirme modiilii tasariminin 6lgme kesinligi degistirmedigini gostermektedir.

Sekil 10’da goriildiigii tizere hem genis hem de dar yonlendirme modiilii tasariminda yanlis
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yonlendirilenlerin 6l¢gme kesinliginin dogru yonlendirilenlerin 6l¢me kesinliginden daha diisiik
oldugu belirtilebilir.

Besinci Arastirma Sorusuna iliskin Bulgular

Yanlis yonlendirilen test katihmcilarinin yetenek dagilimi asagidaki Sekil 11'te sunulmustur.

l

Sekil 11

Yanlis Yonlendirilenlerin Yetenek Diizeyleri
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Sekil 11’de yanhs yonlendirilen test katiimcilarinin gercek yetenek diizeylerine gore BCAT
tasarimimnin son asamasinda yonlendirildigi modiiller histogram grafigi tizerinde renklendirilerek
gosterilmistir. Mavi renkli kesikli ¢izgiler, son asamadaki modiil bilgi fonksiyonlarinin kesisim
noktalarmi gostermektedir. Ornegin 1-3 BCAT grafiginde yer alan -0.502 noktast kolay (2K) ve orta
(20) giicliikteki modiillerin bilgi fonksiyonlarinin kesisim noktasini ifade etmektedir. Histogram
cubuklarmin renkleri ise gercek yetenek diizeyindeki katiimcilarin yanlis yonlendirme ile hangi
modiile yonlendirildiklerini gostermektedir. Ornegin 1-3 BCAT tasarimindaki turkuaz siitunlarda
gercek yetenek diizeyine sahip olan yanlis yonlendirilen katilimcilar, ikinci asamada 4 numarali
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modyile (ikinci asamadaki zor modiile [2K]) yonlendirildigini ifade etmektedir. Benzer sekilde 1-3-
3 BCAT tasariminda pembe siitunlarin konumunda gergek yetenek diizeyine sahip olan
katilimailarin {igiincli asamada kolay modiile (3K) yonlendirildigi anlasilmaktadar.

Sekil 11"de goriildiigii tizere yanlis yonlendirilen test katiimcilarmin gercek yetenek diizeyi modiil
bilgi fonksiyonlarmin kesisim noktasinda yogunlasmakta olup yetenek 6lceginin u¢ noktalarina
dogru azalmaktadir. Yanlis yonlendirilen katihmcilarin yetenek diizeylerinin yetenek 6lgeginin orta
boliimiinde yer almasimin yanlis yonlendirmenin 6lgme kesinligine olan etkisini azaltmakta oldugu
sOylenebilir.

Tartisma

Bireysellestirilmis uyarlanabilir testler, test katiimcilarinin daha yiiksek katihim, daha yiiksek
motivasyon ve daha diisiik kayg: diizeyi agisindan umut vadeden sonuglara sahiptir (Ling ve
digerleri, 2017, Martin ve Ladenzic, 2018). Bu avantajlarin temelinde uyarlanabilir testlerde
katihmcailara yetenek diizeyine uygun maddeler sunulmasi yatmaktadir (Senel, 2021). Benzer
sekilde, BCAT ta da katilimcailarin yetenek diizeyine en uygun modiile yonlendirilmesi hem 6lgme
kesinligi hem de sinav psikolojisi agisindan 6nemlidir.

Bu c¢alismada farkli BCAT tasarimlar1 ve farkli temel bilesenlerin yanlis yonlendirmeye etkisi
incelenmistir. Arastirma sonuglarina gore, ii¢ asamali BCAT tasarimlari, iki asamali BCAT
tasarimina gore daha diisiik yanlis yonlendirme oranlarimna sahiptir.

Arastirmada hem 6l¢me kesinligi hem de yanlis yonlendirme orani agisindan 1-2-3 ve 1-3-3 BCAT
tasarimlarmin daha iyi 6lgme kesinligi sundugu, 1-3 BCAT tasariminin ise 6l¢me kesinliginin daha
diisiik oldugu goriilmiistiir. Uc asamali BCAT tasarimlarimnin iki asamali BCAT tasarimlarina gore
daha yiiksek 6l¢me kesinligi sundugunu belirten literatiirde pek ¢ok ¢alisma bulunmaktadir (Sari
ve Huggins-Manley, 2017; Zenisky ve digerleri, 2010). Ayrica, bu calismada 1-2-3 BCAT tasariminin
1-3-3 BCAT tasarimina gore daha iyi 6lgme kesinligi ve daha diisiik yanhs yonlendirme orani
sundugu goriilmiistiir.

Test uzunlugu bulgularina gore, test uzunlugu arttik¢a yanlis yonlendirme oranmin azaldig:
goriilmiistiir. Ayrica test uzunlugunun artmasi, yanls yonlendirme oraninin diismesinin yaninda,
yanlis yonlendirilenlerin 6lgme kesinligini de oldukga arttirmistir. Fakat test uzunlugunun artiginin
ol¢me kesinligini dogrusal bir sekilde arttirmamis ve benzer sekilde yanlis yonlendirme oranini
dogrusal olarak azaltmamustir. Dolayisiyla test uzunlugunun belirlenmesinde yiiksek test
uzunluklarindan hedeflenen verim alinamayabilir. Bu ¢alismanin bulgularina benzer sekilde
literatiirde test uzunlugunu arttirmanin 6lgme kesinligini arttiracagini belirten pek ¢ok calisma yer
almaktadir (Thompson ve Weiss, 2011; Sahin, 2020; Erdem Kara ve Dogan, 2022).

Modiil uzunluklarina gore yonlendirme modiiliiniin uzunlugu arttik¢a yanlis yonlendirme oraninin
azaldig1 sonucuna erisilmistir. Fakat yonlendirme modiilii uzunlugunun arttirilmasi, uyarlanabilir
asamalar olan diger asamalarin uzunlugunu azalttigindan 6lgme kesinliginin azalmasina neden
olmaktadir. Bu noktada hem yanls yonlendirme oranlar1 hem de Ol¢gme kesinligi birlikte
diisiiniilerek en uygun modiil uzunlugunun kullanilmas: onerilmektedir. Yonlendirme modiilii
uzunlugunun arttirilmasinin yanlis yonlendirmeyi azaltigina dair mevcut arastirmanin bulgulars,
Kim ve digerleri (2015) ve Karatoprak Ersen ve Lee’nin (2023) bulgular1 ile benzerlik gostermektedir.
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Yonlendirme modiiliiniin genis yetenek araliginda tasarlanmasi, dar yetenek araligina gore yanlis
yonlendirme oranini azaltti$1 sonucuna ulagilmistir. Ayrica yonlendirme modiiliiniin genis ve dar
yetenek araliginda tasarlanmasimin 6l¢gme kesinligi agisindan bir farklilik yaratmadigi sonucuna
ulasilmistir. Dolayisiyla yonlendirme modiiliiniin genis aralikta tasarlanmasi Onerilmektedir.
Mevcut ¢alismanin sonuglarina benzer sekilde, Cai ve digerleri (2021), yonlendirme modiiliiniin
modiil bilgi miktar: artti§inda yanlis yonlendirmenin azaldigini belirtmektedir. Ayrica arastirmanin
bu bulgusuna benzer sekilde, $Sahin (2020), b parametreleri arasindaki fark degisiminin 6lgme
kesinligi iizerinde énemli bir fark yaratmadigi sonucuna ulagmstir.

Yanlis yonlendirilenlerin yetenek diizeylerinin modiil bilgi fonksiyonlarmin kesistigi noktalarin
etrafinda yogunlastign sonucuna ulasilmistir. Olgme kesinligi sonuclarma gore, yanhs
yonlendirilenlerin 6l¢gme kesinligi dogru yonlendirilenlere gore daha diisiiktiir, fakat 6lgme kesinligi
agir1 farkli olmadigindan yanlis yonlendirmenin 6nemli bir tehdit olusturmadig1 sdylenebilir. Yanlig
yonlendirilenlerin 6l¢me kesinliginin asir1 farkli olmamasmin sebebi olarak bu katilimcilarin
yetenek Olgeginin orta noktalarinda yogunlasmasi olabilir. Bu arastirmanin sonuglarina benzer
sekilde, Kim ve Moses (2014), yanlis yonlendirilenlerin modyiiller arasi bilgi fonksiyonlarinin kesme
noktalarinda yogunlastigini, dolayisiyla yanlis yonlendirilenlerin Olgme kesinligine etkisinin
minimum diizeyde oldugunu belirtmektedir. Yine benzer sekilde, Karamese (2022), yanlis
yonlendirilenlerin kesme puani etrafinda yogunlastigini ifade etmektedir.

Bu arastirmanin sonuglar1 BCAT’ta yanlis yonlendirmenin o6lgme kesinligini az da olsa
distirdiiglinti gostermektedir. Yanhs yonlendirme oraninin azaltilmasi i¢in uygulayicilar, BCAT
tasarim ve temel bilesenleri tizerinde degisiklikler yapabilirler. Bu arastirmanin sonuglarina gore
BCAT tasariminin agsama sayisinin arttirilmasi, test uzunlugunun arttirilmasi ve genis yonlendirme
modyiilii tasarlanmasi yanlis yonlendirme oranini azaltacaktir. Modiil uzunluklarina gore ise hem
yanlis yonlendirme orani hem de olgme kesinligi agisindan modiil uzunluklarmimn esit olmasi
onerilebilir. Gelecek calismalarda yonlendirme kurallarinin, yetenek kestirimi yontemlerinin ve
madde havuzu oOzelliklerinin yanhs yonlendirme orani {izerindeki etkisine dair arastirmalar
tasarlanmasi onerilebilir.

Etik Kurul Onay1: Arastirmada yer alan veriler yer alan veriler bilgisayarda simiilasyon ortaminda {iretilmis
olup herhangi bir insan veya canli katilimcidan veri toplanmamustir.

Arastirmacilarin Katki Orani: Bu ¢alismanin arastirma siirecinin tiim asamalarinda yazarlar esit oranda katki
saglamislardir.

Catisma Beyani: Yazarlar herhangi bir potansiyel ¢ikar ¢atismasi olmadigini beyan ederler.

References

Breithaupt, K. J., Mills, C. N., & Melican, G. J. (2006). Facing the opportunities of the future. In D.
Bartram & R. Hambleton (Eds.), Computer-based testing and the Internet: Issues and advances, 219-
251. John Wiley & Sons Ltd.

Cai, L., Albano, A. D., & Roussos, L. A. (2021). An investigation of item calibration methods in
multistage testing. Measurement: Interdisciplinary Research and Perspectives, 19(3), 163-178.
https://doi.org/10.1080/15366367.2021.1878778

585


https://doi.org/10.1080/15366367.2021.1878778

Mahmut Sami Yigiter ® Nuri Dogan

Demir, S. (2022). The effect of item pool and selection algorithms on computerized classification
testing (CCT) performance. Journal of Educational Technology and Online Learning, 5(3), 573-584.
https://doi.org/10.31681/jetol.1099580

Erdem Kara, B. (2022). Yonlendirme yontemlerinin ¢ok asamali testler {izerindeki etkisi [Effect of
routing methods on the performance of multi-stage tests]. Uluslararas: Tiirk Egitim Bilimleri
Dergisi 10 (19), 343-354. https://doi.org/10.46778/goputeb.1123902

Erdem Kara, B., & Dogan, N. (2022). The effect of ratio of items indicating differential item
functioning on computer adaptive and multi-stage tests. International Journal of Assessment Tools
in Education, 9(3), 682—696. https://doi.org/10.21449/ijate.1105769

Erkus, A. (2012). Psikolojide 6l¢me ve 6lgek gelistirme [Measurement and scale development in
psychology]. Pegem Akademi Yayinlar:.

Eroglu, M. G., & Kelecioglu, H. (2015). Bireysellestirilmis bilgisayarli test uygulamalarinda farkl
sonlandirma kurallarinin 6lgme kesinligi ve test uzunlugu acisindan karsilastirilmasi
[Comparison of different test termination rules in terms of measurement precision and test length
in computerized adaptive testing]. Uludag Universitesi Egitim Fakiiltesi Dergisi, 28(1), 31-52.
https://doi.org/10.19171/uuefd.87973

Feinberg, R. A. & Rubright, J. D. (2016). Conducting simulation studies in psychometrics:

Conducting simulation studies in psychometrics. Educational Measurement Issues and
Practice, 35(2), 36-49. https://doi.org/10.1111/emip.12111

Fraenkel, J. R, Wallen, N. E., & Hyun, H. H. (2012). How to design and evaluate research in education.
In(E. Kedelapan (Ed.). McGraw-Hill Companies.

Harwell, M., Stone, C. A., Hsu, T. C. & Kirisci, L. (1996). Monte carlo studies in item response theory.
Applied Psychological Measurement, 20(2), 101-125. https://doi.org/10.1177/014662169602000201

Karamese, H. (2022). A comparison of final scoring methods under the multistage adaptive testing
framework. [Unpublished Doctoral Dissertation]. The University of Iowa.

Karatoprak Ersen, R., & Lee, W.-C. (2023). Pretest item calibration in computerized multistage
adaptive testing. Journal of Educational Measurement. https://doi.org/10.1111/jedm.12361

Khorramdel, L., Pokropek, A., Joo, S. H., Kirsch, 1., & Halderman, L. (2020). Examining gender DIF
and gender differences in the PISA 2018 reading literacy scale: A partial invariance approach.
Psychological Test and Assessment Modeling, 62(2), 179-231.

Kim, S., & Moses, T. (2014). An investigation of the impact of misrouting under two-stage multistage
testing: A simulation study: An investigation of the impact of misrouting. ETS Research Report
Series, 2014(1), 1-13. https://doi.org/10.1002/ets2.12000

Kim, S., Moses, T., & Yoo, H. H. (2015). A comparison of IRT proficiency estimation methods under
adaptive multistage testing: A comparison of IRT proficiency estimation methods. Journal of
Educational Measurement, 52(1), 70-79. https://doi.org/10.1111/jedm.12063

Kirsch, I, & Lennon, M. L. (2017). PIAAC: a new design for a new era. Large-Scale Assessments in
Education, 5(1), 1-22. https://doi.org/10.1186/s40536-017-0046-6

Ling, G., Attali, Y., Finn, B., & Stone, E. A. (2017). Is a computerized adaptive test more motivating
than a fixed-item test?. Applied Psychological ~ Measurement, 41(7), 495-511.
https://doi.org/10.1177/0146621617707556

Luo, X., & Kim, D. (2018). A top-down approach to designing the computerized adaptive multistage

test: Top-down  multistage. Journal — of  Educational = Measurement, 55(2),  243-263.
https://doi.org/10.1111/jedm.12174

586


https://doi.org/10.31681/jetol.1099580
https://doi.org/10.46778/goputeb.1123902
https://doi.org/10.21449/ijate.1105769
https://doi.org/10.19171/uuefd.87973
https://doi.org/10.1111/emip.12111
https://doi.org/10.1177/014662169602000201
https://doi.org/10.1111/jedm.12361
https://doi.org/10.1002/ets2.12000
https://doi.org/10.1111/jedm.12063
https://doi.org/10.1186/s40536-017-0046-6
https://doi.org/10.1177/0146621617707556
https://doi.org/10.1111/jedm.12174

Bireysellestirilmis Cok Asamali Testlerde Test Tasariminin Yanhs Yonlendirmeye Etkisi

Ma, Y. C. (2020). Investigating hybrid test designs in passage-based adaptive tests. [Doctoral dissertation,
The University of Iowa]. https://doi.org/10.17077/etd.005590

Magis, D., Yan, D., & Von Davier, A. A. (2017). Computerized adaptive and multistage testing with R:
Using packages catR and mstR. Springer.

Martin, A. ], & Lazendic, G. (2018). Computer-adaptive testing: Implications for students’
achievement, motivation, engagement, and subjective test experience. Journal of Educational
Psychology, 110(1), 27-45. https://doi.org/10.1037/edu0000205

Mooney, C. Z. (1997). Monte carlo simulation. Sage.

Morris, T. P., White, I. R., & Crowther, M. ]J. (2019). Using simulation studies to evaluate statistical
methods: Using simulation studies to evaluate statistical methods. Statistics in Medicine, 38(11),
2074-2102. https://doi.org/10.1002/sim.8086

Patsula, L. N. (1999). A comparison of computerized adaptive testing and multistage testing. [Doctoral
dissertation, University of Massachusetts Amherst].

Rotou, O., Patsula, L., Steffen, M., & Rizavi, S. (2007). Comparison of multistage tests with
computerized adaptive and paper-and-pencil tests. ETS Research Report Series, 2007(1), 1-27.
https://doi.org/10.1002/1.2333-8504.2007.tb02046.x

Sari, H. 1, & Huggins-Manley, A. C. (2017). Examining content control in adaptive tests:

Computerized adaptive testing vs. Computerized adaptive multistage testing. Educational
Sciences Theory & Practice, 17(5), 1759-1781. https://doi.org/10.12738/estp.2017.5.0484

Sahin, M. G. (2020). Analyzing different module characteristics in computer adaptive multistage
testing. International ~ Journal — of  Assessment  Tools in  Education, 7(2), 191-206.
https://doi.org/10.21449/ijate.676947

Senel, S. (2021). Bilgisayar ortaminda bireye uyarlanmis testler [Computerized adaptive testing].

Pegem Yayinlari.

Thompson, N. A., & Weiss, D. A. (2011). A framework for the development of computerized
adaptive tests. Practical Assessment, Research, and Evaluation, 16(1). https://doi.org/10.7275/wqzt-
9427

Wainer, H., Mislevy, R. J., Steinberg, L., & Thissen, D. (2001). Review of computerized adaptive
testing: a primer. Language Learning & Technology, 5(2).

Wang, K. (2017). A fair comparison of the performance of computerized adaptive testing snd multistage
adaptive testing. [Doctoral dissertation, Michigan State University].

Yigiter, M. S., & Dogan, N. (2023). Computerized multistage testing: Principles, designs and
practices with R. Measurement: Interdisciplinary Research and Perspectives, 21(4), 254-277.
https://doi.org/10.1080/15366367.2022.2158017

Zenisky, A., Hambleton, R. K., & Luecht, R. M. (2010). Multistage testing: Issues, designs, and research. ].
Van der Linden (Ed.). Elements of adaptive testing, 355-372, Springer.

587


https://doi.org/10.17077/etd.005590
https://doi.org/10.1037/edu0000205
https://doi.org/10.1002/sim.8086
https://doi.org/10.1002/j.2333-8504.2007.tb02046.x
https://doi.org/10.12738/estp.2017.5.0484
https://doi.org/10.21449/ijate.676947
https://doi.org/10.7275/wqzt-9427
https://doi.org/10.7275/wqzt-9427
https://doi.org/10.1080/15366367.2022.2158017

