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Abstract

Generalized Item Location Indices (GILI) is a method that deals with the process of developing
or selecting polytomous items based on a single value. This method converts multiple location
indices obtained for polytomous items into a single index. The purpose of this research is to
examine the performance of GILI under different simulation conditions. For the study, how
three different GILI (LImean -LImedian-L1irF) change according to the number of categories (3, 5
and 7), location parameter (-2, -1, 0, 1 and 2) and sample size (200, 500, and 1000) were
compared with a Monte Carlo simulation. According to the results, the Llmedian Was estimated
with the highest error in all conditions. On the other hand, Llmean and Llirr produce similar
amounts of error for all conditions. Although Llmean and Llirr produce similar results at -1, 0,
and +1 location levels, LImean makes more accurate predictions at -2 and +2 location levels. It
was concluded that as the number of categories increases, the amount of error calculated in
small samples increases. Llmean - LImedian- LIiIrF values, which are matched with the individual's
ability in tests developed for different purposes and CAT applications, can be a good parameter
for determining which item to choose next duringtest administration. As a result, the proposed
method is being easier and faster will facilitate for practitioners in the item selection process.
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The validity and reliability of measurement tools used in education and
psychology are directly proportional to the psychometric properties of the items.
Well-structured and well-selected items from the item pool reveal the quality of the
measurement tool. Psychological constructs that cannot be measured directly, such as
achievement, attitude, interest or belief, are measured indirectly through an observed
variable. In achievement tests, binary (1-0) categories are often used because they are
more informative and reliable (Ali, et al., 2015). It is observed that there is a move
away from multiple choice items in the field of measurement and evaluation,
including achievement tests (Dodd, De Ayala & Koch, 1995). On the other hand, it is
known that multi-category scoring is used to measure latent constructs such as
attitude, interest or belief. These are models known as ordered response categories
(strongly disagree - strongly agree) that show large differences in measurements
between the number of these categories. Within the framework of item response
theory, the graded-response model (GRM; Samejima, 1969), the partial credit model
(PCM; Masters, 1982), the generalized partial credit model (GPCM; Muraki, 1992),
and the nominal response model (Bock, 1972) are used to create these measurement
tools and to determine item and individual parameters. Polytomous IRT models are
less researched than two-category models. This is because the models are more
complex and difficult to interpret (Hambleton et al., 2011). The location points
obtained from polytomous IRT models are the most important and critical values
(Ostini and Nering, 2006). The lack of a specific index representing the position of
multiple scored items leads to inadequate selection of such items (Kang, Arbet, Betts
& Muntean, 2024). Here, two or more location values are calculated depending on the
number of categories. While a single difficulty parameter is calculated for
dichotomously scored instruments, more than one difficulty (location) parameter
value is calculated for multiple scored instruments. In particular, the development of
multiple-scored achievement tests or the use of a single index in CAT applications
facilitates item selection. This makes it difficult to evaluate the item. In their report,
Ali et al. (2015) made suggestions on how to develop or select multicategorical items
based on a single value. For a four-category item, assume that each response is 0, 1, 2
and 3. In this case, the probabilities (8) of an individual responding to item i will be
(0); Pio(0), Pi,(8), Pi,(B) and Pi3(0). In this case, at least four parameter values will
be calculated and it will be very difficult to determine a single difficulty or location
parameter value for the item due to multiple possibilities. On the other hand, while it
is easy to interpret binary scored items because a single item characteristic curve is
formed, it becomes very difficult to interpret multiple scored items when separate
curves are drawn for each response. One of the item response models that can be used
for multiple scored items is the partial credit model (PCM).

Partial Credit Model

The discrimination parameter was not evaluated in the study. Therefore, the
Partial Credit Model (PCM) is preferred only when comparing the location parameter
value. Another reason for using PCM is its frequent application among ordered
models. The Partial Credit Model is a modified form of the Rasch Model (Masters,
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1982). Equation 1 below presents the Partial Credit Model. Here, it is assumed that
there is a measurement instrument with k items. The number of response categories
for each item j (j = 1, 2...,k) is m;. The PCM defines the probability of observing the
Ith (1 =0, 1,...,m;) response category to the jth item as a function of the latent trait. J;
is the location, of each response category. The location value &; will be equal to I-1 in
this case. For example, for an item with 4 categories, a location value of 4-1 = 3 will
be calculated.

Equation 1

1
exp (f-ﬂ - > 5JQ)
P (Xi; = 110,6;) = — =
3 exp (bH -3 53,1_)
b=0 a=1

0~ N (e, o?)

As can be seen in Figure 1, a four-category response model for an item answered
with four categories is presented. With the four categories response model, 3 9§
location values and one discrimination value will be calculated as explained in
Equation 1. Since the partial credit model is an extension of the Rasch model,
discrimination values are not taken into account. For item i, a;, bi1, biz and biz will be
calculated. As mentioned above, since the possible responses are 0, 1, 2 and 3, there
are four response categories (Pj, (8),Pj, (8), Pi,(8) and P;iz(8)) as shown in Figure
1.

Figure 1
Partial Credit Model
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Ali et al. (2015) developed a generalized item location indices model that
combines related response categories based on a mathematical formula. Generalized
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item location indices calculation methods are based on Item Category Response
Function and Item Response Function.

Generalized Item Location Indices Based on the Item Category Response
Function

L Imean

The first proposed location index (LI) of item location is the average item
category location using all item category response functions (ICRF) and is given in
equation 2.

Equation 2

1 m
Llean = H Z lbic
c=

L Imedian

The second index of location is the median of all ICRFS. Llmedian iS given in
equation 3.

Equation 3
(x)
bl’x
0.5(b% + b+

Iy

Ll eqian = Median(b;,s) = ’

Generalized Item Location Indices Based on the Item Response Function
Llirr

This form of L1 is derived from the polytomous IRF. As is well known, in binary
IRF models, such as logistic models with one, two or three parameters, the conditional
mean of the item score (expected value) is equal to the probability of answering the
item correctly. A location value of 0.5 is used to locate the item with the highest score
(for 1-0) of 1. This corresponds to an expected score of 0.5 xm (m being the highest
possible category response) in a polytomous IRF (Ali et al., 2015). Llrr is formulated
in equation 4.

Equation 4

m

Lljge= 0 E[X;] = >
When developing measurement instruments, the selection of items to be
included in the test is important for the validity and reliability of the test. Test
developers use polytomous item types especially when measuring psychological
constructs such as attitudes, interests or beliefs. They use polytomous item types not
only for the constructs mentioned above but also for mixed achievement tests. Ali
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(2011) has been used in many studies that the generally generalized substance position
indexes developed (Christensen, et al., 2021; Santoso, Setawati, Ismail, et al., 2023;
Talkkari & Rosenstrom, 2024). In this case, which item to include in the test emerges
as an important problem. Not only in the test development process but also in CAT
processes, there is a need to develop methods based on a single value for selecting
items from the item pool. In this case, using the generalized item indices mentioned
above is a good way. Standard indices provide separate calculations for each item
category. The indices proposed here, on the other hand, provide a single assessment
for each item through separate calculations. Therefore, they facilitate a more efficient
item development and selection process.

In this study, the performances of the different indices mentioned above were
evaluated under various conditions through simulation. For this purpose, the
following questions were addressed.

1. According to the number of different categories in the data structure (3, 5, and 7),
location parameter (-2, -1, 0, 1, and 2) and sample size (200, 500 and 1000);

a. How does Llmean - Llmedian - Llire change?

b. What is the standard error rates obtained from Llmean-LImedian-LIirr
estimates?

Method

In this study, Monte Carlo simulations were conducted to compare generalized
item location indices developed for polytomous items (Harwell et al., 1996). In this
method, the computer generates data according to probabilistic distributions and
allows comparison of the outputs obtained from the model (Sigal & Chalmers, 2016).

Simulation Conditions

Three different generalized item location indices (Llmean - Llmedian - LIire) Were
compared according to the number of categories (3, 5, and 7), location parameter (-2,
-1, 0, 1, and 2) and sample size (200, 500 and 1000). Thus, 3x5x3 = 45 different
conditions were obtained and 25 replications were performed for each condition and
1125 data sets were obtained. The simulation conditions are summarized in the table.
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Table 1
The Simulation Conditions

Number of Categories Sample Size Location Parameter (dj)

-1
3 200
-2
0
+1
+2

-1
5 500
-2
0
+1
+2

-1
7 1000

-2

0

+1

+2

Total Simulation Conditions = 45

While determining the number of categories, Jacoby and Matell (1971) stated
that the number of categories does not affect the meaning of the research result and
that 3 categories can be used. On the other hand, in a study examining the validity and
reliability values of scales consisting of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11 categories,
Preston and Colman (2000) stated that the highest validity level is good for the number
of 7-10 categories, moderate for 5-6 categories and low for 2, 3 and 4 (Preston &
Colman, 2000). Therefore, in this study, 3, 5, and 7 categories with low, medium and
high values were determined as research conditions. When determining the item
location level, it is stated that the items to be included in a test have a location level
between -2 and +2 (Hambleton et al., 1991). Therefore, to exemplify each location
level, the location levels used were -2, -1, 0, 1, and 2 in the study. While determining
the sample size, Sahin and Anil (2017) reported in their study that a sample size of at
least 150 would be sufficient for tests of 10, 20, and 30 items in order to calculate the
b parameter value correctly. On the other hand, many studies have reported that the
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minimum sample size should be 200 (Demars, 2010; Wright and Stone, 1979).
Dubravka and Shenghai (2024) revealed that the RMSE values they calculated in their
research within the scope of polytomous IRT typically increase at sample sizes of 100
and 250. Therefore, for the purposes of this study, sample sizes of 200, 500 and 1000
were used.

Generation of Data

WinGen software was used to generate the data. The WinGen computer program
was developed to generate binary and multi-group item response data for various IRT
models and many situations that arise in practice (Han, 2006). A fixed 10-item
measurement tool condition was created for all conditions. In data generation using
WinGen software, the ability (0) distribution was first determined. The ability
distribution is a normal distribution with mean 0 and standard deviation 1. This
approach is identified as the most appropriate method for the real data set in many
studies. Therefore, the ability parameters were produced according to the standard
normal distribution.

After the ability distribution was determined, the discrimination and location
values were determined according to the Partial Credit Model. The discrimination
value is determined as a constant (a = 1) according to the model used. The location
parameter was kept constant within each simulation condition but was set to different
values for other conditions (-2, -1, 0, 1, and 2). We compared how the number of
categories (3, 5, and 7) varied according to the location parameter (-2, -1, 0, 1, and 2)
and sample size (200, 500 and 1000). Thus, 3x5x3 = 45 different conditions were
obtained and 25 repetitions were performed for each condition. According to Harwell,
Stone, Hsu, and Kirisci (1996), when the number of repetitions is 25, the errors
produced decrease and the effect level approaches 1. Therefore, 25 repetitions were
used in this study.

Ethical Committee Approval

This study does not require ethical approval. No human or animal participants were
involved, and only simulation data were used.

Data Analysis

R software (R Core Team, 2021) was used for data analysis. R software is an
open source program that can analyze data with the help of its built-in packages. The
“mirt” package was used in R software. “mirt” provides data analysis using
unidimensional and multidimensional item analysis models under Item Response
Theory (Chalmers, 2012). The Root Mean Square Error (RMSE) statistic was used to
evaluate the errors contained in the generalized item location estimated under
conditions where the number of categories (3, 5, and 7), location parameter mean (-2,
-1, 0, 1, and 2) and sample sizes (200, 500, and 1000) varied. RMSE, or root mean
square error, is the standardized version of the difference between the estimated
parameters and the true parameters. RMSE is given in Equation 5.
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Equation 5

2
gr:lﬁn}' - Tnj)

RMSE =
N

Results

The averages of Generalized Item Location Indices and PCM parameter values
are given in Table 2. For better interpretation of the findings, sample size and location
level were taken as reference. On the other hand, the mean values estimated for each
category without changing the item order are given; For example, for a category
number of 3, the first three items are given; for a category number of 5, the items 4-7
are given; and for a category number of 7, the last 3 items are given.

When Table 1 is examined, as the number of categories increased, small samples
(SS = 200) caused larger deviations in the estimation. The data shows that the most
accurate predictions are at the '0' location level. On the other hand, the most accurate
predictions for location level '0' were calculated when the number of categories was
'5'. When the generalized item location indices (LImean - Llmedian -L1ire) Were examined,
it was calculated that the LImedian Value caused the highest deviation as the number of
categories increased, although it produced similar results in small category numbers.
As the sample size increases, it can be inferred that predictions become more accurate
in lower categories.

As in Table 2, §; = -1 in Table 3 and §; = +1 in Table 4 are set for better
interpretation of the parameters obtained. When Tables 3 and 4 are examined that the
deviations decrease as the sample size increases.

Table 2
Item Parameters (PCM) and the Generalized Item Location Indices (d; =-2, 0 and
+2)

PCM parameters Generalized item Location indices
Item i NC bi1 bi2 bis bia bis bis Llmean Llmedian Llire
1 -2,970 - -2,243 -2,242 -2,242
3 1,515
2 -2,887 - -2,177 -2,177 -2,176
1,467
3 -2,724 - -2,055 -2,055 -2,055 o
1,386 i ‘I\I‘
4 -3.358 - -2.032 - -2.300 -2.331 -2.310 (I,I, 5
2.629 1.182 w
5 5 -3.608 - -2.170 - -2.471 -2.504 -2.483
2.839 1.271
6 -3.644 - -2.289 - -2.540 -2.606 -2.561
2.924 1.303

(continuing)
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Table 2 (continued)
7 -3.546 - -2.181 - -2.473 -2.522 -2.488
2.864 1.305
8 -3.273 - -2.574 - - - -2.314 -2.331 -2.321
7 2.852 2,248 | 1.867 | 1.073
9 -3.389 - -2.615 - - - -2.411 -2.435 -2.396
2.963 2.256 | 1.770 | 0.997
10 -3.410 - -2.577 - - - -2.348 -2.370 -2.352
2.934 2.216 | 1.793 | 1.000
PCM parameters Generalized Item Location
Itemi NC bi1 biz bis Dia bis bis Llmean Llmedian Llire
1 - 0.570 0.048 0.049 0.048
3 0.473
2 - 0.603 0.063 0.064 0.064
0.475
3 - 0.597 0.055 0.055 0.055
0.485
4 - - 0.184 0.73 -0.029 -0.028 -0.029
0.797 | 0.241 7
5 5 - - 0.204 0.76 -0.019 -0.020 -0.019 S
0.802 | 0.245 3 e} ﬁ
6 - - 0.191 0.76 -0.026 -0.031 -0.027 (',', B
0.807 | 0.253 3 @
7 - - 0.180 0.72 -0.036 -0.036 -0.036
0.800 | 0.254 9
8 - - -0.170 0.07 0.36 0.78 -0.042 -0.045 -0.043
7 0.864 | 0.453 9 4 7
9 - - -0.171 0.06 0.34 0.76 -0.055 -0.051 -0.055
0.877 | 0.465 7 5 6
10 - - -0.158 0.08 0.36 0.79 -0.033 -0.038 -0.034
0.848 | 0.432 1 5 2
PCM parameters Generalized Item Location
Itemi NC bi1 biz bis bia bis bis Llmean LlImedian Llire
1 1.386 | 2.696 2.041 2.041 2.041
3
2 1.404 | 2.725 2.064 2.064 2.064
3 1.348 | 2.638 1.993 1.993 1.993
4 1.163 | 2.161 2.833 3.51 2416 2.497 2.441
0
5 5 1.164 | 2.121 2.769 3.46 2.379 2.444 2.399
5 ISEN
6 1.141 | 2.095 2.762 3.50 2.376 2.428 2.393 S 'I';
7 1.132 | 2.102 2.756 341 2.350 2.429 2.374 @
1
8 1.047 | 1.850 2.342 2.72 3.07 3.64 2.447 2.532 2477
7 4 7 8
9 1.013 | 1.827 2.307 2.67 3.06 351 2.401 2.492 2.438
8 8 3
10 1.008 | 1.841 2.335 2.72 3.10 3.58 2.433 2.530 2471
6 3 5
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Table 3

Item Parameters (PCM) and the Generalized Item Location Indices (dj1=-1)

PCM parameters

Generalized item Location

Item i NC bi1 biz bis Dia bis bis Llmean Llmedian Llire
1 -1.539 -0.432 -0.985 -0.985 -0.985
2 8 -1.630 -0.416 -1.022 -1.022 -1.022
3 -1.612 -0.443 -1.027 -1.027 -1.027
4 -1.789 -1.279 -0.815 -0.184 -1.016 -1.046 -1.024
5 5 -1.774 -1.234 -0.753 -0.122 -0.971 -0.993 -0.977 § b
6 -1.754 -1.234 | -0.786 | -0.157 -0.982 -1.009 -0.990 c',', (l';_
7 -1.824 -1.296 -0.810 -0.151 -1.020 -1.053 -1.028 2
8 -2.210 -1.740 | -1.396 | -1.125 | -0.735 -0.153 -1.226 -1.260 -1.238
9 ! -2.195 -1.729 -1.426 -1.119 -0.758 -0.169 -1.232 -1.272 -1.245
10 -2.195 -1.713 -1.413 -1.107 -0.764 -0.174 -1.227 -1.259 -1.239
PCM parameters Generalized Item Location
Item i NC bi1 biz bis bia bis bie Llmean Llmedian Llire
1 -1.567 -0.418 -0.992 -0.992 -0.992
2 8 -1.575 -0.405 -0.990 -0.990 -0.990
3 -1.602 -0.419 -1.010 -1.010 -1.010
4 -1.846 -1.296 | -0.819 | -0.152 -1.028 -1.057 -1.036
5 5 -1.827 -1.282 -0.810 -0.167 -1.021 -1.046 -1.027 § -
6 -1.883 -1.315 -0.822 -0.176 -1.049 -1.068 -1.054 % och_T
7 -1.853 -1.310 | -0.847 | -0.185 -1.048 -1.078 -1.056
8 -1.813 -1.425 | -1.142 | -0.870 | -0.551 | -0.058 -0.976 -1.005 -0.995
! -1.819 -1.425 -1.142 -0.874 -0.560 -0.060 -0.979 -1.007 -1.004
10 -1.838 -1.426 | -1.142 | -0.881 | -0.565 | -0.057 -0.984 -1.011 -0.978
PCM parameters Generalized Item Location
Item i NC bi1 biz bis bia bis bie Llmean Llmedian Llire
1 -1.535 -0.401 -0.968 -0.968 -0.968
2 8 -1.496 -0.391 -0.943 -0.943 -0.943
3 -1.509 -0.394 -0.951 -0.951 -0.951
4 -1.829 -1.269 -0.799 -0.149 -1.011 -1.033 -1.017
5 5 -1.797 -1.249 -0.773 -0.137 -0.989 -1.011 -0.994 % E
6 -1.799 -1.264 -0.796 -0.150 -1.002 -1.029 -1.009 zl/ln och_T
7 -1.808 -1.265 | -0.783 | -0.132 -0.997 -1.024 -1.004 @
8 -2.018 -1.577 | -1.285 | -0.999 | -0.649 | -0.090 -1.103 -1.142 -1.115
9 ! -2.054 -1.592 -1.283 -0.999 -0.631 -0.090 -1.108 -1.141 -1.118
10 -2.035 -1.577 | -1.270 | -0.981 | -0.637 | -0.095 -1.099 -1.125 -1.108
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Table 4

Item Parameters (PCM) and the Generalized Item Location Indices (d; =+1)

PCM parameters

Generalized Item Location

Item i NC bi1 biz bis bia bis bie Llmean LImedian Llire
1 0.435 1.550 0.992 0.992 0.992
2 * 0.504 1.634 1.069 1.069 1.069
3 0.502 1.652 1.077 1.077 1.077
4 0.211 0.861 1.338 1.921 1.082 1.099 1.087
5 5 0.172 0.832 1.364 1.900 1.067 1.098 1.075 § <
6 0.183 0865 | 1366 | 1.977 1.097 1115 1102 | ¢ 1
7 0.199 0.854 1.411 1.918 1.095 1.132 1.104 ?
8 -0.020 0.524 0.905 1.183 1.502 1.980 1.012 1.044 1.021
9 ! 0.034 0.574 0.928 1.235 1.547 2.047 1.060 1.081 1.066
10 -0.005 0.550 0.934 1.238 1.538 1.998 1.042 1.085 1.054
PCM parameters Generalized Item Location
Item i NC bi1 biz bis bia bis bie Llmean Llmedian Llire
1 0.528 1.694 1.111 1.111 1.111
2 3 0.512 1.647 1.079 1.079 1.079
3 0.492 1.618 1.055 1.055 1.055
4 0.149 0.829 1.292 1.850 1.030 1.060 1.038
5 5 0.214 0.861 1.364 1.918 1.088 1.112 1.094 § <
6 0.168 0.850 1.363 1.924 1.076 1.106 1.084 % J{l;
7 0.191 0.868 1.355 1.915 1.082 1.111 1.089
8 0.047 0.552 0.883 1.138 1.405 1.819 0.974 1.010 0.985
9 ! 0.051 0.560 0.858 1.135 1.416 1.828 0.974 0.996 0.983
10 0.055 0.543 0.855 1.127 1.406 1.805 0.964 0.990 0.973
PCM parameters Generalized Item Location
Item i NC bi1 biz big bia bis bie LImean LI median Llire
1 0.503 1.609 1.056 1.056 1.056
2 3 0.503 1.643 1.072 1.072 1.072
3 0.507 1.646 1.076 1.076 1.076 % 7
4 0.160 0.816 1.282 1.820 1.019 1.048 1.027 l'l') och_T
5 5 0.192 0.842 1.300 1.843 1.044 1.070 1.050 o
6 0.184 0.815 1.294 1.810 1.025 1.054 1.033

(continuing)
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Table 4 (continued)

7 0.165 0.811 1.287 1.824 1.021 1.048 1.029
8 0.073 0.622 0.979 1.252 1.557 1.985 1.077 1.115 1.090
9 ! 0.054 0.615 0.967 1.246 1.547 1.978 1.067 1.106 1.081
10 0.075 0.621 0.980 1.264 1.559 1.990 1.081 1.122 1.094

The highest deviations were found at the §j1 = -1 level and at a sample size of
200. In small sample sizes (N = 200), as the number of categories increases, deviations
in all location indices are high. In larger sample sizes, the change in the number of
categories did not result in significant deviations in the calculated generalized item
location indices.

For all conditions, the mean error (RMSE) values for each generalized item
location indices (LImean - LImedian - LIIRF) estimation are given in Figure 2. When
the Figure is analyzed, it is seen that the error values decrease as the sample size
increases in the number of similar categories. On the other hand, it was found that the
lowest error rates for all conditions were calculated at -1, 0, and 1 location levels.
When the number of categories (NC) is '3', the mean error (RMSE) values for the
estimation of generalized location indices (LImean -LImedian-LIIRF) are very close
to each other. As the number of categories increases, the generalized item location
values also differ. For example, when the number of categories is '5' or '7', the highest
amount of error is observed in the 'Median' value. On the other hand, when different
location conditions (-2, -1, 0, 1, and 2) were considered, it was observed that the
highest amount of error was calculated at the values of -2 and 2. The lowest errors
were calculated when the location levels of the items in the test were -1, 0 and +1.
Especially in small samples, better predictions were made when the number of
categories was low, while the error rate increased as the number of categories
increased. Even if the sample size is large, it is seen that the error increases at -2 and
+2 location levels
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Figure 2
RMSE Values for Generalized Item Location Indices
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Discussion, Conclusion and Suggestions

In this study, Monte Carlo simulations were conducted to compare generalized item
location indices developed for polytomous items. The performances of the generalized
item location indices, estimated under conditions where the number of categories,
location parameter, and sample sizes were varied were compared. Based on the results
of this research, it can be concluded that including items from the -1, 0, and +1
location ranges in the test, regardless of sample size during item selection for the
developed tests, results in less measurement error. Considering the performance of
generalized item location indices, it was concluded that the highest errors were found
in LImedian calculations. At -1, 0, and +1 location levels, LImean and LIIRF produce
similar results. At -2 and +2 location levels, LImean makes more accurate predictions.
Kilig et al., (2023) stated in their literature review that the majority of the studies
examined did not include item agreement statistics. This study shows that half of the
studies examined in this research include polytomous items and only one study
includes item-model selection based on item-model fit, which leads to many errors in
item selection. For example, Saepuzaman, Istiyono and Haryanto (2022) used the
average difficulty level as a reference when evaluating the scale items in their study.
In this study, a total sample size of 264 (small) was used for the four-category scale.
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According to the results of this study, it is necessary to use fewer categories for small
sample sizes. The item selection process is particularly problematic in the
development of polytomous tests. Generally, both GRM and PCM calculate more than
one difficulty (location) value in the item selection process. Since this multiple
location value does not have a single interpretable value, studies have focused on this
point because the level of information provided by the item is used for item selection
(Dodd, et al., 1995). In these cases, the generalized item location indices mentioned
above can be used. The most important parameters used when creating a test are
difficulty (location) and discrimination. The test developer can use these two
parameters to develop the target test. When developing tests, the ability level is not
limited to level '0" alone. Placement tests and selection tests should have different
psychometric properties. In these cases, the question of which method should be used
when selecting items for the test emerges. The item selection process is critical not
only in test development but also in adaptive testing. Llmean - Llmegian - L1irr matched
with the individual's ability can be a good parameter for which item will be the next
item during the administration of the test. The use of Llmean and Llire is particularly
more effective in item selection and low error estimations according to this research.
Haag, et al. (2020) used the LIlrr value instead of location values in their research.
Two main reasons were put forward for using the LIrr index. The first of these is that
it is based on a single index instead of four location values, and the other is that the
resulting location index focuses on the latent variable itself rather than the responses
given to the latent variable. In his study, Ali (2011) found that the use of generalized
item location indices for item selection resulted in more effective use of the item pool
compared to other methods. Another result of this study is that the proposed method
is easier and faster than other methods. As in any simulation study, the conditions of
this study may be limited. Different conditions can be considered when developing
tests in education and psychology. In this study, ideal conditions were considered.
Therefore, studies can be conducted using different locations for discriminations. On
the other hand, for this research, a normal distribution with a mean of 0 and a standard
deviation of 1 was used. This is because the data obtained are compatible with the real
data structure. Therefore, it can be explored how these indexes perform across
different talent distributions. Studies addressing this topic are quite limited in the
existing literature. Although some research has theoretically discussed the potential
advantages of the indexes used, empirical studies that demonstrate the underlying
reasons in practice remain scarce (Christensen, Comins, Krogsgaard et al., 2021;
Kang, Arbet, Betts & Muntean, 2024; Santoso, Setawati, Ismail et al., 2023; Talkkari
& Rosenstrom, 2024). Therefore, it is recommended that the subject be investigated
under different conditions. For example, the effect on results in different ability
distributions is an important issue. On the other hand, studies to be conducted with
other poly-IRT models will contribute to the field.



Ankara University Journal of Faculty of Educational Sciences
Year: 2025, Volume: 58, Issue: 3, 1197-1228

T515 DOI: 10.30964/auebfd.1677195, E-ISSN: 2458-8342, P-ISSN: 1301-
3718

Cok Kategorili Maddeler i¢in Genellestirilmis Madde
Konum Indekslerinin Karsilastirilmasi: Monte Carlo
Simiilasyon Calismasi

s,
o
%
<
i

MAKALE TURU Basvuru Tarihi Kabul Tarihi Yaym Tarihi
Arastirma Makalesi 14.04.2025 17.10.2025 15.12.2025
Emrah Giil!

Hakkari Universitesi

Oz

Genellestirilmis Madde Konum Indeksleri (GILI), gok kategorili maddelerin gelistirilmesi veya
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Egitim ve psikolojide kullanilan dlgme araglarinin gegerligi ve giivenirligi, dogrudan
maddeye ilisgkin psikometrik o6zelliklerle iliskilidir. Madde havuzundan iyi
yapilandirilmis ve uygun sekilde se¢ilmis maddeler, 6lgme aracinin kalitesini ortaya
koyar. Bagari, tutum, ilgi veya inang¢ gibi dogrudan dl¢iilemeyen psikolojik yapilar,
dolayli olarak gozlenen degiskenler araciligiyla 6l¢iiliir. Basari testlerinde, bilgi verici
ve giivenilir olmalar1 nedeniyle genellikle ikili (1-0) kategoriler kullanilmaktadir (Ali
vd., 2015). Olgme ve degerlendirme alaninda, basari testleri de dahil olmak iizere,
coktan secmeli maddelerden uzaklasildig1 gozlemlenmektedir (Dodd vd., 1995). Ote
yandan, tutum, ilgi veya inan¢ gibi oOrtiik (latent) yapilari 6lgmek amaciyla ¢ok
kategorili puanlamalarin kullanildig1 bilinmektedir. Bu puanlamalar, sirali tepki
kategorileri (tamamen katilmiyorum - tamamen katiliyorum) olarak bilinir ve kategori
sayisina bagli olarak 6l¢iim sonuglarinda biiytlik farkliliklar gostermektedir. Madde
tepki kurami (Item Response Theory) cergevesinde; derecelendirilmis tepki modeli
(Graded Response Model, GRM; Samejima, 1969), kismi kredi modeli (Partial Credit
Model, PCM; Masters, 1982), genellestirilmis kismi kredi modeli (Generalized Partial
Credit Model, GPCM; Muraki, 1992) ve nominal tepki modeli (Nominal Response
Model; Bock, 1972) gibi modeller, bu tiir 6l¢cme araglarinin gelistirilmesi ve madde
ile birey parametrelerinin belirlenmesinde kullanilmaktadir. Cok kategorili
(polytomous) IRT modelleri, ikili (dichotomous) modellere kiyasla daha az
arastirtlmistir; ¢iinkii bu modeller daha karmasik olup yorumlanmalart da zordur
(Hambleton ve dig., 2011). Cok kategorili IRT modellerinden elde edilen konum
noktalari, maddenin en 6nemli ve kritik degerleri arasinda yer almaktadir (Ostini ve
Nering, 2006). Cok kategorili puanlanan maddelerin konumunu temsil eden 6zel bir
indeksin eksikligi, bu tiir maddelerin yetersiz se¢ilmesine neden olmaktadir (Kang
vd., 2024). Bu tiir maddelerde, kategori sayisina bagli olarak iki veya daha fazla
konum degeri hesaplanmaktadir. Ikili puanlanan maddeler icin tek bir giicliik
parametresi hesaplanirken, ¢ok kategorili maddeler i¢in birden fazla gii¢liik (veya
konum) parametresi degeri hesaplanmaktadir. Ozellikle cok kategorili basari
testlerinin gelistirilmesinde veya Bilgisayar Ortaminda Bireye Uyarlanmis Test
(BOBUT) uygulamalarinda tek bir indeksin kullanilmasi madde secimini
kolaylagtirmaktadir.  Ancak bu  durum  maddenin  degerlendirilmesini
zorlagtirmaktadir. Ali vd. (2015), raporlarinda ¢ok kategorili maddelerin tek bir deger
lizerinden nasil gelistirilebilecegi veya segilebilecegi konusunda Onerilerde
bulunmuslardir. Dort kategorili bir madde diistintildiigiinde, her bir yanitin 0, 1, 2 ve
3 olarak kodlandig1 varsayilmaktadir. Bu durumda, bir bireyin madde i'ye 0 yetenek
diizeyinde yanit verme olasiliklari; Pio(8), Pii(0), Pi2(0) ve Pis(0) seklinde ifade edilir.
Bu durumda, en az dort parametre degeri hesaplanacak ve olasiliklarin ¢oklugu
nedeniyle maddeye iliskin tek bir gii¢liik veya konum parametresinin belirlenmesi
oldukga giic hale gelecektir. Ote yandan, ikili puanlanan maddeler igin tek bir madde
karakteristik egrisi ¢izildiginden yorumlama kolayken, ¢ok kategorili maddelerde her
bir yanit i¢in ayr1 egriler ¢izilmesi yorumlamay: zorlastirmaktadir. Cok kategorili
maddeler igin kullanilabilecek madde tepki modellerinden biri, kismi kredi modelidir
(PCM).
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Kismi Kredi Modeli

Bu caligmada ayirt edicilik (discrimination) parametresi degerlendirilmemistir.
Bu nedenle, Kismi Kredi Modeli’nin (Partial Credit Model - PCM) tercih edilmesinin
temel gerekcesi yalmizca konum  (location) parametresi  degerlerinin
kargilagtirtlmasidir. PCM’nin kullanilma nedenlerinden bir digeri ise, siralt modeller
arasinda en sik basgvurulan modellerden biri olmasidir. Kismi Kredi Modeli, Rasch
Modeli’nin degistirilmis bir formudur (Masters, 1982). Asagida Esitlik 1 de Kismi
Puan Modeli sunulmaktadir. Burada k madde sayisi kadar bir 6lgme aracinin oldugu
varsayllmaktadir. Her bir madde j (j = 1, 2...,k)’ye verilen yanit kategori sayisi mj
olmaktadir. PCM, gizil 6zelligin bir fonksiyonu olarak j'inci maddeye verilen (I = 0,
1,...,mj) yanit kategorisinin gézlemlenme olasiligini tanimlamaktadir. 3jl ise her bir
yanit kategorisine ait gliclik yani yer parametre degeridir. 6jl yer degeri bu durumda
I-1 kadar olacaktir. Ornegin 4 kategorili bir madde igin 4-1 = 3 yer parametre degeri
hesaplanacaktir.

Esitlik 1

1
exp (h‘) -3 5Ja)
P (X =10,8;) = a=1

msy b
3 exp (Z)H -3 5_1'51)

b=0 a=1

0~ N(p,?)

Sekil 1’de goriildiigii lizere, dort kategoride yanitlanan bir maddeye iliskin dort
kategorili yanit modeli sunulmustur. Dort kategorili yanit modeliyle, Denklem 1°de
aciklandigr sekilde ii¢c konum degeri ve bir ayirt edicilik degeri hesaplanmaktadir.
Ancak, kismi puanlama modeli Rasch modelinin bir uzantisi oldugundan, ayirt
edicilik degerleri dikkate alinmamaktadir. i maddesi igin aj, bi1, biz and bjs degerleri
hesaplanacaktir. Yukarida belirtildigi iizere, olas1 yanitlar 0, 1, 2 ve 3 oldugundan,
Sekil 1°de gosterildigi gibi dort yanit Kkategorisi bulunmaktadir (Pj,(8),
P;1(8), Pi,(8) and Pi3(9)).
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Sekil 1
Kismi Kredi Modeli

0.751 Pio(0) Pi3(0)

Pi2(0)
Piy(0)

P(6)

0.25

0.004 — ——p—
] ] 5 ]

0
Ali ve ark. (2015), iliskili yanit kategorilerini matematiksel bir formiile dayali

olarak birlestiren genellestirilmis bir madde konum indeksleri modeli gelistirmistir.

Genellestirilmis madde konum indekslerinin hesaplama yontemleri, Madde Kategori
Yanit Fonksiyonu ve Madde Yanit Fonksiyonu'na dayanmaktadir.

Madde Kategori Yanit Fonksiyonuna Dayali Genellestirilmis Madde Konum
Indeksleri

LImean

Madde konumuna iliskin 6nerilen ilk konum indeksi (LI), tiim madde kategori
yanit fonksiyonlar1 (ICRF) kullanilarak hesaplanan ortalama madde kategori
konumudur ve Esitlik 2'de verilmistir.

Esitlik 2

1 m
Llyean = ; Z 1bic
=

L Imedian

Ikinci konum indeksi ise tiim madde kategori yamit fonksiyonlarinin (ICRF)
medyanidir. Llmedian, esitlik 3’te verilmistir.

Esitlik 3

(k)
bl’x
{k} + bl_[k+ 1)

x Ly )

Ll egian = Median(b;s) = ’0 505
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Madde Yanit Fonksiyonuna Dayah Genellestirilmis Madde Konum indeksleri
Llirr

Bu LI bigimi, ¢ok ketegorili madde yanit fonksiyonu’ndan (IRF) tiiretilmistir.
Bilindigi tizere, ikili IRF modellerinde 6rnegin bir, iki veya ti¢ parametreli lojistik
modellerde madde puaninin kosullu ortalamasi (beklenen deger), maddeye dogru
yanit verme olasiligina esittir. En yiiksek puanin 1 oldugu (1-0) durumlarda maddeyi
konumlandirmak i¢in 0.5 konum parametre degeri kullanilir. Bu, ¢ok ketegorili bir
IRF’te beklenen puanin 0.5xm’ye (m en yiiksek olasi kategori yaniti olmak {izere)
karsilik gelmektedir (Ali ve ark., 2015). Llrr esitlik 4’te formiile edilmistir.

Esitlik 4
m
Ligr= 0 :E[X] = 2
Olgme araclar1 gelistirilirken teste dahil edilecek maddelerin secimi testin
gecerlik ve giivenirligi agisindan onemlidir. Test gelistiriciler 6zellikle tutumlar,
ilgiler veya inanglar gibi psikolojik yapilar1 6lgerken ¢ok kategorili madde tiplerini
kullanirlar. Cok kategorili madde tiplerini yalnizca yukarida belirtilen yapilar igin
degil, ayn1 zamanda karma basart testleri i¢in de kullanirlar. Ali (2011) rapor ettigi
lizere birgok caligmada genellestirilmis madde konumu indekslerini kullanmistir
(Talkkari ve Rosenstrom, 2024; Christensen, Comins, Krogsgaard vd. 2021; Santoso,
Setawati, Ismail vd. 2023). Bu durumda teste hangi maddenin dahil edilecegi dnemli
bir sorun olarak ortaya ¢ikar. Yalmzca test gelistirme siirecinde degil, Bilgisayar
Ortaminda Bireye Uyarlanmus Test (BOBUT) siireglerinde de madde havuzundan
madde se¢imi i¢in tek bir degere dayali yontemler gelistirmeye ihtiya¢ vardir. Bu
durumda yukarida belirtilen genellestirilmis madde indekslerini kullanmak iyi bir
yoldur. Standart indeksler her bir madde kategorisi i¢in ayr1 hesaplamalar saglar.
Burada onerilen endeksler ise, her bir madde i¢in ayr1 hesaplamalar yoluyla tek bir
degerlendirme sunmakta ve bu sayede daha verimli bir madde gelistirme ve se¢me
stirecini kolaylastirmaktadir.

Bu caligmada, yukarida belirtilen farkli endekslerin performanslari simiilasyon
yoluyla farkli kosullar altinda degerlendirilmistir. Bu amagla asagidaki sorulara yanit
aranmigtir.

Veri yapisindaki farkli kategori sayisina (3, 5 ve 7), konum parametresine (-2, -
1,0, 1 ve 2) ve drneklem biiyiikliigiine (200, 500 ve 1000) gore;

a.  Llmean-Llmedian-L11rr degerleri nasil degismektedir?

b. LImean-LImedian-LIIRF kestirimlerinden elde edilen standart hatalar
nasildir?
Yontem

Bu calismada, ¢ok kategorili maddeler i¢in gelistirilen Genellestirilmis Madde
Konum Indeksleri karsilastirmak amaciyla Monte Carlo simiilasyonlar:



1216 Emrah Giil

gergeklestirilmistir (Harwell vd., 1996). Bu yodntemde, bilgisayar olasiliksal
dagilimlara gore veri {iretmekte ve modelden elde edilen ¢iktilarin karsilastirilmasina
olanak saglamaktadir (Sigal ve Chalmers, 2016).

Simiilasyon Kosullar:

Ug farkli genellestirilmis madde konum indeksi (LImean - LImedian - L1ire), Kategori
sayisi (3, 5 ve 7), konum parametresi (-2, -1, 0, 1 ve 2) ve drneklem bityiiklagii (200,
500 ve 1000) degiskenlerine gore karsilagtirilmistir. Boylece, 3x5x3 = 45 farkli kosul
elde edilmis ve her kosul i¢in 25 yineleme gerceklestirilerek toplamda 1125 veri seti
olusturulmustur. Simiilasyon kosullari tablo 1’de 6zetlenmistir

Tablo 1.
Simiilasyon Kosullart

Kategori Sayisi Ormeklem Biiyiikliigii Yer Parametresi (dj)
-1

-2
0
+1
+2
-1

-2
0
+1
+2
-1

3 200

5 500

7 1000
-2

0
+1
+2

Toplam Simiilasyon Kosullari= 45

Kategori sayisinin belirlenmesi agamasinda, Jacoby ve Matell (1971), kategori
sayisinin  arasgtirma sonucunun anlamini etkilemedigini ve 3 kategorinin
kullanilabilecegini belirtmistir. Ote yandan, 2, 3,4,5,6,7, 8,9, 10 ve 11 kategoriden
olusan Olgeklerin gegerlik ve giivenirlik degerlerini inceleyen bir ¢aligmada ise
Preston ve Colman (2000), en yiiksek gecerlik diizeyinin 7-10 kategori i¢in iyi, 5-6
kategori i¢in orta ve 2, 3 ve 4 kategoriler i¢in diisiikk oldugunu ifade etmistir (Preston
ve Colman, 2000). Bu nedenle, bu ¢alismada diisiik, orta ve yiiksek degerleri temsil
eden 3, 5 ve 7 kategori aragtirma kosullar1 olarak belirlenmistir. Madde konum diizeyi
belirlenirken, bir teste dahil edilecek maddelerin konum diizeyinin -2 ile +2 arasinda
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oldugu belirtilmistir (Hambleton ve ark., 1991). Bu nedenle, ¢alismada her konum
diizeyini 6rneklendirmek amaciyla -2, -1, 0, 1 ve 2 konum diizeyleri kullanilmastir.

Orneklem biiyiikliigiiniin belirlenmesinde, Sahin ve Anil (2017), b parametre
degerinin dogru hesaplanabilmesi i¢in 10, 20 ve 30 maddelik testler i¢in en az 150
kisilik bir 6rneklem biiyiikliigiiniin yeterli oldugunu raporlamistir. Ote yandan, bircok
calisma minimum Orneklem biyiikliginiin 200 olmas1 gerektigini bildirmistir
(Demars, 2010; Wright ve Stone, 1979). Dubravka ve Shenghai (2024) ise
polytomous IRT kapsaminda yaptiklar1 arastirmada hesapladiklart RMSE
degerlerinin genellikle 100 ve 250 6rneklem biiyiikliigiiniin altinda arttigini ortaya
koymustur. Bu nedenle, bu ¢alismanin amaglart dogrultusunda 200, 500 ve 1000
orneklem biiyiikliikleri kullanilmigtir.

Verilerin Uretilmesi

Veri olusturmak i¢in WinGen yazilimi kullamilmistir. WinGen bilgisayar
programi, ¢esitli IRT modelleri ve uygulamada karsilasilan birgok durum igin ikili ve
cok kategorili madde tepki modellerinde veriler iiretmek amaciyla gelistirilmistir
(Han, 2006). Tim kosullar i¢in sabit 10 maddelik bir 6lgme araci durumu
olusturulmustur. WinGen yaziliminda veri tiretiminde oncelikle yetenek (0) dagilimi
belirlenmistir. Yetenek dagilimi, ortalamasi 0 ve standart sapmasi 1 olan normal
dagilim olarak tanimlanmigtir. Bu durum, bir¢ok calismada gergek veri seti igin en
uygun yontem olarak kabul edilmektedir. Bu nedenle, yetenek parametreleri standart
normal dagilima gore tiretilmistir. Yetenek dagilimi belirlendikten sonra, Kismi Kredi
Modeline (Partial Credit Model) gore ayrigtirma ve konum degerleri belirlenmistir.
Ayirt edicilik degeri, kullanilan modele gore sabit (a = 1) olarak belirlenmistir.
Konum parametresi her simiilasyon kosulu i¢in sabit tutulmus, diger kosullar igin ise
(-2, -1, 0, 1 ve 2) olarak degistirilmistir. Kategori sayismin (3, 5 ve 7) konum
parametresine (-2, -1, 0, 1 ve 2) ve 6rneklem biiyiikliigiine (200, 500 ve 1000) gore
nasil degistigi karsilagtirilmistir. Boylece, 3x5x3 = 45 farkli kosul elde edilmis ve her
kosul i¢in 25 tekrar yapilmistir. Harwell, Stone, Hsu ve Kirisci (1996) ¢alismalarinda,
tekrar sayisinin 25 oldugunda ortaya ¢ikan hata oranlarmm azaldigim ve etki
diizeyinin 1’e yaklastigini tespit etmislerdir. Bu nedenle, bu caligmada 25 tekrar
kullanilmustir.

Etik Kurul Karan

Bu caligsma, etik kurul izni gerektirmemektedir. Arastirmada herhangi bir insan veya
hayvan katilimcidan veri toplanmamais, yalnizca simiilasyon verisi kullanilmustir.

Verilerin Analizi

Veri analizinde R yazilimi (R Core Team, 2021) kullanilmistir. R yazilimi,
icerisinde yer alan paketler araciligryla veri analizi yapabilen agik kaynakli bir
programdir. Bu caligmada, R yazilimi igerisinde “mirt” paketi kullanilmistir. mirt
paketi, Madde Tepki Kurami (MTK) kapsaminda tek boyutlu ve ¢cok boyutlu madde
analiz modelleriyle veri analizi yapilmasina olanak saglamaktadir (Chalmers, 2012).
Genellestirilmis madde konumunun tahmininde, kategori sayist (3, 5 ve 7), konum
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parametresinin ortalamast (-2, -1, 0, 1 ve 2) ve 6rneklem biiyiikliigii (200, 500 ve
1000) gibi  kosullarin  degistigi  durumlarda ortaya ¢ikan  hatalarin
degerlendirilmesinde Kok Ortalama Kare Hata (Root Mean Square Error - RMSE)
istatistigi kullanilmigtir. RMSE, tahmin edilen parametreler ile gercek parametreler
arasindaki farklarin standartlastirilmis bir gostergesi ya da kok ortalama kare

hatasidir. RMSE, Denklem 5°te verilmistir.
Esitlik 5

2
g:lﬁn}' - Trtj)
RMSE = I T

Bulgular

Genellestirilmis Madde Konum indeksleri ile Kismi Kredi Modeli (PCM) parametre
degerlerinin  ortalamalar1 Tablo 2’de verilmigtir. Bulgularmm daha iyi
yorumlanabilmesi amaciyla 6rneklem biiyiikliigii ve konum diizeyi referans olarak
almmistir. Diger yandan, madde sirast degistirilmeden her bir kategori sayisi igin
tahmin edilen ortalama degerler sunulmustur. Ornegin, kategori sayis1 3 olan durum
i¢in ilk ti¢ madde, kategori sayist 5 olan durum igin 4 ila 7. maddeler ve kategori sayisi
7 olan durum igin son {i¢ madde dikkate alinmuistir. Tablo 1 incelendiginde, kategori
sayist arttikga kiiglik 6rneklem (SS = 200) kosullarinda tahminlerdeki sapmalarin
biiytidiigii goriilmektedir. En dogru tahminlerin '0' konum diizeyinde elde edildigi
anlagilmaktadir. Diger yandan, konum diizeyi ‘0" i¢in en dogru tahminlerin kategori
sayist '5' oldugunda yapildigi hesaplanmistir. Genellestirilmis madde konum
indeksleri (LImean - Llmedian - Llirr) incelendiginde, kiigiik kategori sayilarinda benzer
sonuglar iretse de, kategori sayisi arttikca LImedian degerinin en yiiksek sapmaya
neden oldugu hesaplanmustir. Orneklem biiyiikliigii arttikca, diisiik kategori
sayilarinda daha dogru tahminler yapildigi sonucuna ulasilmigtir. Tablo 2°de oldugu
gibi, elde edilen parametrelerin daha iyi yorumlanabilmesi amaciyla Tablo 3’te 6j1 =
-1 ve Tablo 4’te §j1 = +1 olarak alinmustir. Tablo 3 ve 4 incelendiginde, 6rneklem
biiyiikliigii arttikca sapmalarin azaldig: goriilmektedir.
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Tablo 2
Madde Parametreleri (PCM) ve Genellestirilmis Madde Konum Indeksleri (63=-2, 0
and +2)
PCM parametreleri Genellestirilmis Madde Konum Indeksleri
Madde i KS bit biz bis bia bis bie Llmean Llmedian Llire
1 -2,970 -1,515 - - - - -2,243 -2,242 -2,242
2 3 -2,887 -1,467 - - - - -2,177 -2,177 -2,176
3 -2,724 -1,386 - - - - -2,055 -2,055 -2,055
4 -3.358 -2.629 -2.032 -1.182 -2.300 -2.331 -2.310
5 5 -3.608 -2.839 -2.170 -1.271 -2.471 -2.504 -2.483 % f:
6 -3.644 -2.924 -2.289 -1.303 -2.540 -2.606 -2.561 :g B
7 -3.546 -2.864 -2.181 -1.305 -2.473 -2.522 -2.488
8 -3.273 -2.852 -2.574 -2.248 | -1.867 | -1.073 -2.314 -2.331 -2.321
9 ! -3.389 -2.963 -2.615 -2.256 | -1.770 | -0.997 -2.411 -2.435 -2.396
10 -3.410 -2.934 -2.577 -2.216 | -1.793 | -1.000 -2.348 -2.370 -2.352
PCM parametreleri Genellestirilmis Madde Konum Indeksleri
Madde i KS biy biz bis bia bis bie Llmean Llmedian Llire
1 -0.473 | 0.570 0.048 0.049 0.048
2 8 -0.475 | 0.603 0.063 0.064 0.064
3 -0.485 | 0.597 0.055 0.055 0.055
4 -0.797 | -0.241 0.184 0.737 -0.029 -0.028 -0.029
5 5 -0.802 | -0.245 0.204 0.763 -0.019 -0.020 -0.019 % 'ﬁ’
6 -0.807 | -0.253 | 0.191 | 0.763 -0.026 -0.031 0027 | 2F
7 -0.800 | -0.254 | 0.180 | 0.729 -0.036 -0.036 -0.036
8 -0.864 | -0.453 -0.170 0.079 0.364 0.787 -0.042 -0.045 -0.043
9 ! -0.877 | -0.465 -0.171 0.067 0.345 0.766 -0.055 -0.051 -0.055
10 -0.848 | -0.432 -0.158 0.081 0.365 0.792 -0.033 -0.038 -0.034
PCM parametreleri Genellestirilmis Madde Konum Indeksleri
Madde i KsS bix biz bia bie bis bie Llmean Llmedian Llire
1 1.386 2.696 2.041 2.041 2.041
2 3 1.404 2.725 2.064 2.064 2.064
3 1.348 2.638 1.993 1.993 1.993
4 1.163 2.161 2.833 3.510 2.416 2.497 2.441 -
5 5 1.164 2.121 2.769 3.465 2.379 2.444 2.399 § ¥
6 1141 [ 2095 | 2.762 | 3.509 2.376 2.428 2.393 »
7 1.132 2.102 2.756 3411 2.350 2.429 2.374 ©
8 1.047 1.850 2.342 2.724 3.077 3.648 2.447 2.532 2.477
9 7 1.013 1.827 2.307 2.678 3.068 3.513 2.401 2.492 2.438
10 1.008 1.841 2.335 2.726 3.103 3.585 2.433 2.530 2.471
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Tablo 3

Madde Parametreleri (PCM) ve Genellestirilmis Madde Konum Indeksleri (6 =-1)

PCM parametreleri

Genellestirilmis Madde Konum

indeksleri

Madde i KS bix bi2 bis bis bis bis Llmean Llmedian Llire
1 -1.539 -0.432 -0.985 -0.985 -0.985
2 8 -1.630 -0.416 -1.022 -1.022 -1.022
3 -1.612 -0.443 -1.027 -1.027 -1.027
4 -1.789 -1.279 -0.815 | -0.184 -1.016 -1.046 -1.024
5 5 -1.774 -1.234 -0.753 | -0.122 -0.971 -0.993 -0.977 § ~
6 -1.754 -1.234 -0.786 | -0.157 -0.982 -1.009 -0.990 p”q (ng_
7 -1.824 -1.296 -0.810 | -0.151 -1.020 -1.053 -1.028 ©
8 -2.210 -1.740 -1.396 | -1.125 -0.735 -0.153 -1.226 -1.260 -1.238
9 ! -2.195 -1.729 -1.426 | -1.119 -0.758 -0.169 -1.232 -1.272 -1.245
10 -2.195 -1.713 -1.413 | -1.107 -0.764 -0.174 -1.227 -1.259 -1.239
PCM parametreleri Genellestirilmis Madde Konum Indeksleri
Madde i KS bix bi2 bis bis bis bis Llmean Llmedian Llire
1 -1.567 -0.418 -0.992 -0.992 -0.992
2 3 -1.575 -0.405 -0.990 -0.990 -0.990
3 -1.602 -0.419 -1.010 -1.010 -1.010
4 -1.846 -1.296 | -0.819 | -0.152 -1.028 -1.057 -1.036
5 5 -1.827 -1.282 | -0.810 | -0.167 -1.021 -1.046 -1.027 § -
6 -1.883 -1.315 | -0.822 | -0.176 -1.049 -1.068 -1.054 |:It|:4 L'_;
7 -1.853 -1.310 | -0.847 | -0.185 -1.048 -1.078 -1.056 ©
8 -1.813 -1.425 | -1.142 | -0.870 | -0.551 -0.058 -0.976 -1.005 -0.995
! -1.819 -1.425 | -1.142 | -0.874 | -0.560 -0.060 -0.979 -1.007 -1.004
10 -1.838 -1.426 | -1.142 | -0.881 | -0.565 -0.057 -0.984 -1.011 -0.978
PCM parametreleri Genellestirilmis Madde Konum Indeksleri
Madde i KS bix biz bis bis bis bis Llmean Llmedian Llire
1 -1.535 -0.401 -0.968 -0.968 -0.968
2 3 -1.496 -0.391 -0.943 -0.943 -0.943
3 -1.509 -0.394 -0.951 -0.951 -0.951
4 -1.829 -1.269 | -0.799 | -0.149 -1.011 -1.033 -1.017
5 5 -1.797 -1.249 | -0.773 | -0.137 -0.989 -1.011 -0.994 % -
6 -1.799 -1.264 | -0.796 | -0.150 -1.002 -1.029 -1.009 |:It|:¢ Ll;
7 -1.808 -1.265 | -0.783 | -0.132 -0.997 -1.024 -1.004 ©
8 -2.018 -1577 | -1.285 | -0.999 | -0.649 -0.090 -1.103 -1.142 -1.115
9 ! -2.054 -1.592 | -1.283 | -0.999 | -0.631 -0.090 -1.108 -1.141 -1.118
10 -2.035 -1.577 | -1.270 | -0.981 | -0.637 -0.095 -1.099 -1.125 -1.108
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Tablo 4

Madde Parametreleri (PCM) ve Genellestirilmis Madde Konum Indeksleri (55 =+1)

PCM parametreleri

Genellestirilmis Madde Konum indeksleri

Madde i KS bit biz biz bia bis bie Llmean Llmedian Llire
1 0.435 1.550 0.992 0.992 0.992
2 ? 0.504 1.634 1.069 1.069 1.069
3 0.502 1.652 1.077 1.077 1.077
4 0.211 0.861 1.338 1.921 1.082 1.099 1.087
5 5 0.172 0.832 1.364 1.900 1.067 1.098 1.075 § ¢
6 0.183 0.865 1.366 1.977 1.097 1.115 1.102 % llg_
7 0.199 0.854 1.411 1.918 1.095 1.132 1.104 .
8 -0.020 0.524 0.905 1.183 1.502 1.980 1.012 1.044 1.021
9 ! 0.034 0.574 0.928 1.235 1.547 2.047 1.060 1.081 1.066
10 -0.005 0.550 0.934 1.238 1.538 1.998 1.042 1.085 1.054
PCM parametreleri Genellestirilmis Madde Konum Indeksleri
Madde i KS bix bi2 bis bia bis bis Llmean Llmedian Llire
1 0.528 1.694 1111 1111 1111
2 ’ 0.512 1.647 1.079 1.079 1.079
3 0.492 1.618 1.055 1.055 1.055
4 0.149 0.829 1.292 1.850 1.030 1.060 1.038
5 5 0.214 0.861 1.364 1.918 1.088 1.112 1.094 § -
6 0.168 0.850 1.363 1.924 1.076 1.106 1.084 ,"a :':'?
7 0.191 0.868 1.355 1.915 1.082 1111 1.089 °
8 0.047 0.552 0.883 1.138 1.405 1.819 0.974 1.010 0.985
9 ! 0.051 0.560 0.858 1.135 1.416 1.828 0.974 0.996 0.983
10 0.055 0.543 0.855 1127 1.406 1.805 0.964 0.990 0.973
PCM parametreleri Genellestirilmis Madde Konum indeksleri
Madde i KS bix biz biz big bis big LImean Llmedian Llire
1 0.503 1.609 1.056 1.056 1.056
2 : 0.503 1.643 1.072 1.072 1.072
3 0.507 1.646 1.076 1.076 1.076 g -
4 0.160 0.816 1.282 1.820 1.019 1.048 1.027 E LI?
5 5 0.192 0.842 1.300 1.843 1.044 1.070 1.050 °
6 0.184 0.815 1.294 1.810 1.025 1.054 1.033

(devam ediyor)
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Tablo 4 (devam)

7 0.165 0.811 1.287 1.824 1.021 1.048 1.029
8 0.073 0.622 0.979 1.252 1.557 1.985 1.077 1.115 1.090
9 ! 0.054 0.615 0.967 1.246 1.547 1.978 1.067 1.106 1.081
10 0.075 0.621 0.980 1.264 1.559 1.990 1.081 1.122 1.094

En yiiksek sapmalar, §j1 = -1 diizeyinde ve 200 kisilik 6rneklem biiyiikliigiinde
gozlemlenmistir. Kiiciik 6rneklemlerde (N = 200), kategori sayisi arttikca tiim konum
indekslerinde sapmalarin yiiksek oldugu goriilmektedir. Ote yandan, biiyiik
orneklemlerde kategori sayisindaki degisim, hesaplanan genellestirilmis madde
konum indeksleri tizerinde biiyiik sapmalara yol agmamustir. Tiim kosullar i¢in, her
bir genellestirilmis madde konum indeksinin (LImean - LImedian - L1irr) tahminine iliskin
ortalama hata (RMSE) degerleri Sekil 2°de sunulmustur. Sekil incelendiginde, benzer
kategori sayilarina sahip durumlarda 6rneklem biiylikliigi arttik¢a hata degerlerinin
azaldig1 goriilmektedir. Diger yandan, tiim kosullar i¢in en diisiik hata oranlarinin -1,
0 ve 1 konum diizeylerinde hesaplandigi bulunmustur. Kategori sayist (KS) 3
oldugunda, genellestirilmis konum indekslerinin (LImean - Llmedian - L1ire) tahminine
iligkin ortalama hata (RMSE) degerleri birbirine oldukca yakindir. Ancak kategori
sayist arttikca, genellestirilmis madde konum degerleri arasinda farklilik
olusmaktadir. Ornegin, kategori sayis1 5 veya 7 oldugunda, en yiiksek hata “Median”
degerinde gozlemlenmektedir. Farkli konum kosullart (-2, -1, 0, 1 ve 2) ele
alindiginda ise en yiiksek hata miktarinin -2 ve 2 degerlerinde hesaplandigi
goriilmektedir. En diigiik hata degerleri, testteki maddelerin konum diizeylerinin -1, 0
ve +1 oldugu durumlarda hesaplanmistir. Ozellikle kiigiik 6rneklemlerde, kategori
sayis1 diisiik oldugunda daha dogru tahminler elde edilirken, kategori sayisi arttikga
hata orani da artmaktadir. Orneklem biiyiikliigii biiyiik olsa dahi, -2 ve +2 konum
diizeylerinde hata oranlarinin arttig1 gézlemlenmektedir.
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Sekil 2
Genellestirilmis Madde Konum Indeksleriler ait RMSE Degerleri
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Tartisma, Sonu¢ ve Oneriler

Bu calismada, ¢ok kategorili maddeler igin gelistirilen genellestirilmis madde
konum indekslerini karsilagtirmak amaciyla Monte Carlo simiilasyonlari
gergeklestirilmistir. Kategori sayisi, konum parametresi ve érneklem biiyiikligiiniin
degistirildigi kosullar altinda tahmin edilen genellestirilmis madde konum
indekslerinin performanslari karsilastirilmistir. Elde edilen sonuglar incelendiginde,
gelistirilecek testler icin madde se¢imi yapilirken drneklem biiyiikliigiinden bagimsiz
olarak -1, 0 ve +1 konum araliklarinda yer alan maddelerin teste dahil edilmesi
durumunda daha diisiik hata elde edilecegi sonucuna ulasilmistir. Genellestirilmis
madde konum indekslerinin performans: dikkate alindiginda, en yiiksek hatalarin
LImedian hesaplamalarinda ortaya c¢iktigi gorilmistir. -1, 0 ve +1 konum
diizeylerinde Llmean ve LIIRF benzer sonuglar iiretirken, -2 ve +2 konum
diizeylerinde LImean daha dogru tahminler yapmaktadir. Kili¢ vd. (2023) literatiir
taramasinda, incelenen caligmalarin ¢ogunda madde uyum istatistiklerine yer
verilmedigini belirtmistir. Bu calisma ise, incelenen calismalarin yarisinda g¢ok
kategorili maddelere yer verildigini ve yalnizca bir ¢alisgmada madde-model uyumuna
dayali madde-model secimine yer verildigini gostermektedir. Bu durum, madde
seciminde ¢ok sayida hataya yol agmaktadir. Ornegin, Saepuzaman, Istiyono ve
Haryanto (2022) ¢aligmalarinda 6l¢ek maddelerini degerlendirirken ortalama zorluk
diizeyini referans almiglardir. Dort kategorili dlgek igin toplam 264 kisilik (kiiciik)
orneklem biiytlikliigi kullanilmistir. Bu ¢alismanin sonuglarina gore, kiigiik 6rneklem
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biiytikliklerinde daha az kategori sayisina sahip oOlgeklerin  kullanilmasi
onerilmektedir. Cok kategorili testlerin gelistirilmesinde madde se¢imi siireci oldukca
sorunludur. Hem GRM (Dereceli Tepki Modeli) hem de PCM (Kismi Kredi Modeli)
madde sec¢imi siirecinde birden fazla zorluk (konum) degeri hesaplamaktadir. Bu
coklu konum degerlerinin tek bir yorumlanabilir degeri bulunmadigindan,
calismalarda genellikle maddenin sagladigi bilgi diizeyi esas alinarak madde se¢imine
gidilmektedir (Dodd ve dig., 1995). Bu tir durumlarda, yukarida bahsedilen
genellestirilmis madde konum indeksleri kullanilabilir. Test olusturulurken dikkate
alimmas1 gereken en dnemli parametreler zorluk (konum) ve ayirt ediciliktir. Test
gelistiriciler bu iki parametreyi kullanarak hedef testlerini olusturabilirler. Ancak, test
gelistirirken yetenek diizeyi yalnizca “0” diizeyinde degildir. Yerlestirme ve se¢gme
testlerinin farkli psikometrik ozelliklere sahip olmasi gerekmektedir. Bu gibi
durumlarda, testte yer alacak maddelerin segilmesinde hangi yontemin kullanilacagi
sorusu ortaya ¢ikmaktadir. Madde segimi siireci yalnizca test gelistirme siirecinde
degil, ayn1 zamanda bilgisayar ortaminda bireye uyarlanmsg testlerde (BOBUT) de
oldukc¢a 6nemlidir. LImean, LImedian ve LIIRF, bireyin yetenegiyle eslestirildiginde
test sirasinda bir sonraki sorunun secilmesinde etkili bir parametre olabilir. Ozellikle
bu c¢alismanin sonucuna gore LImean ve LIIRF’in madde se¢iminde daha etkili
oldugu ve daha diisiik hata tahminleri sagladigi goriilmektedir. Haag vd. (2020)
calismalarinda konum degerleri yerine LIIRF degerini kullanmislardir. LIIRF
indeksinin kullaniminda iki temel gerekge &ne siiriilmiistiir: Ilki, dort ayr1 konum
degeri yerine tek bir indeksin esas alinmasi; ikincisi ise, ortaya c¢ikan konum
indeksinin gizil degiskene verilen yanitlardan ziyade gizil degiskenin kendisine
odaklanmasidir. Ali (2011) ¢alismasinda, madde se¢iminde genellestirilmis madde
konum indekslerinin kullanilmasimin diger yontemlere kiyasla madde havuzunun
daha etkili kullanimina olanak sagladigini bulmustur. Bu ¢aligmanin bir diger sonucu
da Onerilen yontemin daha kolay ve hizli olmasidir. Her simiilasyon ¢alismasinda
oldugu gibi, bu ¢aligmada da ele alinan kosullar sinirli olabilir. Egitim ve psikoloji
alanlarinda test gelistirme siirecinde farkli kosullar dikkate alinabilir. Bu ¢alismada
ideal kosullar varsayilmistir. Bu nedenle, farkli ayirt edicilik diizeylerine sahip konum
degerleriyle calisilabilecek arastirmalar vyiiriitiilebilir. Ote yandan, bu arastirmada
ortalamalar1 0 ve standart sapmalari 1 olan normal dagilim kullanilmigtir. Bunun
nedeni, elde edilen verilerin gergek veri yapisiyla uyumlu olmasidir. Bu nedenle, s6z
konusu indekslerin farkli yetenek dagilimlarinda nasil ¢alistigi da incelenebilir. Bu
konuyla ilgili literatiirdeki ¢alismalar olduk¢a sinirhidir. Her ne kadar bazi ¢alismalar
bu indekslerin olasi yararlarini teorik olarak ortaya koymus olsa da, pratikte
nedenlerini agiklayan ¢alismalar simirlidir (Christensen, Comins, Krogsgaard vd.,
2021; Kang vd., 2024; Santoso, Setawati, Ismail vd., 2023; Talkkari ve Rosenstrom,
2024). Bu nedenle, konunun farkli kosullar altinda arastirilmasi onerilmektedir.
Ornegin, farkli yetenek dagilimlarinda sonuglarin nasil etkilenecegi énemli bir
aragtirma alamdir. Ote yandan, diger ¢ok kategorili MTK (polytomous IRT)
modelleriyle yapilacak ¢aligmalar da alana katki saglayacaktir.
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