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Comparison of Testlet Effect on Parameter Estimates Using
Different Item Response Theory Models
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Abstract

In this study, the testlet effect was calculated for each testlet in the PISA 2018 reading literacy test, and it was
examined whether this effect caused a difference in item and ability parameters. The data set was analyzed with a
two-parameter logistic item response theory model and a two-parameter logistic testlet model. The results show
that variances of testlet effects range from .100 to .432. When the item and ability parameter estimation results of
the models were compared, it was determined that the item and ability parameters estimated from the two
approaches were highly correlated with each other. It can be said that the item slope and item intercept parameters
estimated from different models remained unaffected. However, when the local dependency assumption is not
met, it was observed that the standard error values of the two-parameter model for the ability parameter were
underestimated. The implications for the analysis and evaluation of the tests based on testlet are discussed. In
conclusion, in this study, it was concluded that the testlet effect caused a difference in parameter estimates, but the
local dependence among the items was negligible because of the small testlet effects.
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INTRODUCTION

A testlet is defined as a cluster of items that share a common stimulus (Wainer & Kiely, 1987). This
common stimulus can be presented as a passage, scenario, table, or figure. Testlets are widely used in
testing for several reasons such as ensuring the effective use of the time required for the test application,
reducing the context effect that may arise from the content of the items in the test, eliminating the
concerns that a single independent item may be too atomistic (measuring a very specific or narrow
concept) because of its nature (Wainer, Bradlow, & Du, 2000; Wainer, Bradlow, & Wang, 2007).
However, if different items are collected in the same testlet, these items may be related to each other
beyond the effect of the latent trait that is tried to be measured. This situation, known as local item
dependency (LID), leads to the violation of the local independence assumption of standard item response
theory (IRT) models. For example, the performance of students in a reading comprehension test may be
affected by their interest in or knowledge of reading passages, as well as their reading skills (Yen, 1993).
Therefore, items in the same set of items may be locally dependent.

The local item dependency (LID) between testlet items is called the testlet effect (Wainer & Kiely,
1987). Bradlow, Wainer, and Wang (1999) proposed a new model by adding this effect as a parameter
to the 2-parameter logistic model (Birnbaum, 1968, 2PLM). In this model, which is called the testlet
response theory (TRT) model, there is a random-effects parameter, y, that considers account the
dependencies between the items in the same testlet. In the standard 2PL IRT model, there are item
difficulty and item discrimination parameters, and it is assumed that there is no local dependence
between items. In the TRT model, calculations are made by including item difficulty and item
discrimination parameters, as well as a random effect parameter. The 2PL TRT model, which is
developed in the standard 2PL IRT model, can be written as (Li, Bolt, & Fu, 2006; Ip, 2010);
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exp(a; (6; — by — Yjaw))
1+exp(a; (6; — b; — Yjaw))

P (Yy = 116,,vja0)) = (1)

where P(Yj; = 1) is the probability that examinee j answers item i correctly, 6; is the ability of examinee
J, @i denotes the discrimination parameter of item i, b; is the difficulty of item i. The testlet effect yjq(;) for
examinee j is such that his or her response to item i is nested within testlet d(i), and this testlet effect is
assumed to be independent of the latent trait 6.

It has been thought that the use of standard IRT models for these tests may be insufficient since the LID
assumption has been violated in the tests involving testlets. Therefore TRT models have become a
frequently used model in research to testlet effect (DeMars, 2006; Eckes, 2014; Geramipour, 2021; Min
& He, 2014; Ozdemir, 2017; Paap & Veldkamp, 2012; Wainer & Wang, 2000; Yilmaz Kogar &
Kelecioglu, 2017). Glas, Wainer, and Bradlow (2000) examined in their simulation study that when the
testlet effect was ignored and the standard IRT model was used, the mean absolute errors of
discrimination and difficulty parameter estimation were poorly predicted. Wainer and Wang (2000), in
their study based on TOEFL results, determined that the testlet model developed by adding the y
parameter, expressed as the random testlet effect, to the standard 3PL IRT model, gave better results in
parameter estimation. Ozdemir (2017) conducted a study in which he analyzed the English Proficiency
Test data with the TRT model, the dichotomous and polytomous IRT models. In this study, he compared
item and ability parameter estimations and determined that the results differed, especially for item
parameters. Studies in the literature show that the use of standard IRT models when LID is present can
lead to problems such as biased item parameter estimates, overestimation of the accuracy of ability
estimates, overestimation of test reliability and test information, and underestimation of standard errors
for ability parameter (Sireci, Thissen, & Wainer, 1991; Wainer et al., 2007; Yen & Fitzpatrick, 2006).
Based on the results of these studies, it can be said that serious problems may be encountered for the
psychometric properties of the tests when LID is ignored. This may lead to incorrect results regarding
the interpretation and use of test scores.

Testlets, which are based on a common stimulus and group of items, are used in many large-scale tests
because of the previously specified advantages. One of these tests is the PISA (Program for International
Student Assessment) applied on the international platform by OECD (Organisation for Economic Co-
operation and Development). This application, which evaluates the knowledge and skills of 15-year-old
students every three years, focused on reading literacy skills in 2018. Testlets are used in tests that
measure language skills, such as reading comprehension. However, in such items, some students have
a special interest or better prior background knowledge in a passage than other students, in this situation,
they are likely to perform better on the items related to this passage than on other items of the same
difficulty level, or they tend to perform better than other students with the same general ability level (Li,
2017, p.1). Therefore, testlets lead to the emergence of additional variance sources, such as content
knowledge in an item response function (Chen & Thissen, 1997). However, it is still not commonly
enough to perform analyzes through the models that take this effect. The current study is aimed to fill
this gap.

PISA applications, which are very important to national and international platforms, are classified as
low-stake tests because the important personal decisions associated with the test performance of the
participants are not taken. However, the role of these applications in the educational policies of countries
is great. IRT approach is used for item and ability estimates in PISA; these models are not special IRT
models developed for testlets. In this respect, it is a condition that the results obtained from the standard
IRT models and the results obtained from TRT models will change all interpretations. Because it is
desirable to be estimated by the least amount of error to achieve a high degree of accuracy. If the LID
is a large effect on the estimates of the testlets, this may be compromised.

This study is aimed to calculate the LID magnitude caused by testlets and to compare the effect of this
magnitude on parameter estimates and test precision. The following research questions have been
established to address these situations:
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1. What is the LID level of testlets included in the PISA 2018 reading literacy test?

2. Do the person and item parameters obtained with the standard IRT model and TRT model
differ?

By determining the level of testlet variances obtained through the real data sets with these research
questions, it is aimed to make an inference about the situations in which the use of TRT models proposed
in the literature may be necessary. Also, this study aims to help researchers, especially those used to
standard IRT models, to better understand and interpret testlet models because TRT models are less
known and less used models than standard IRT models.

METHOD

Participants

PISA application is carried out on 15-year-old students enrolled in formal education. Schools and
students participating in the PISA research are determined by the OECD randomly. There are more than
600,000 students from 79 countries and economies participating in the PISA 2018 application
(Organisation for Economic Co-operation and Development, 2019). In this study, countries participating
in PISA 2018 application as computer-based administrations were preferred. The data of these countries
were examined in terms of the same test design and testlets, and analyses were carried out on 3105
students, who were suitable for the study.

Data Sources and Measures

In PISA 2018 application, the main domain is reading literacy. In PISA 2018, a multistage adaptive test
(MSAT) design was used to measure reading skills. The MSAT design for the PISA 2018 main survey
consisted of three stages (Core stage, Stage 1 and, Stage 2) and 245 items. Different designs were created
by applying these stages in different orders. In this design, between 33 and 40 items were applied to
each student, depending on which test was taken at each stage. The data used in this study were obtained
from design A (Core> Stage 1> Stage 2) applied to 75% of the students. From 64 different ways defined
for design A, the selected path is RC1 for the core stage, R15H for stage 1, and R21H for stage 2. For
detailed information, it is recommended to consult the report of Yamamoto, Shin, and Khorramdel
(2019).

The items in the reading literacy test are in a format that includes constructed response or selected
response. However, this study focused on only multiple-choice and dichotomous items because the
models used in the study were developed for the items scored dichotomously. The data in PISA
applications are open to everyone's use. However, the items are not shared because the items in cognitive
instruments are used in other years. For this reason, only data coding was considered for the testlet
decision regarding the items. The “label” section of the reading literacy test has been examined in the
SPSS format and assumed that the items in the same label are testlets. After this review, 39 items
comprising seven testlets were used in the study. The reason for the use of PISA data in the study is that
it provides a real set of data in testing and applies to many people.

The data of the study were accessed at https://www.oecd.org/pisa/data/

Data Analysis

Two different measurement models were used in the study: (a) standard 2PL IRT model, (b) 2PL testlet
response model. The reason 2PL models are used in the study is that when 3PL is used in TRT models,
convergence problems can be experienced for parameter estimation (Eckes, 2014). In this study, the
item and ability parameters estimate obtained from the standard IRT model and TRT model was
compared with the corresponding standard errors. Root Mean Square Error (RMSE) was examined to
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compare the capability parameters estimated from different IRT models. RMSE values are calculated
by taking the square root of the mean square of the standard errors of the ability parameters. Besides, to
better understand the degree of agreement between the estimates, correlations related to the estimates of
the two models were calculated, and statistics based on mean differences were used (Mean Difference-
MD, Mean Absolute Difference-MAD, Root-Mean-Square Difference-RMSD).

Analyses were performed using the mirt package (Chalmers, Pritikin, Robitzsch, & Zoltak, 2015)
included in the R software. mirt is a package developed for multidimensional IRT models. Therefore, it
includes slope and intercept parameters as item parameters. For the unidimensional 2PL model, the slope
parameter is the same as the discrimination parameter (ai), while the intercept parameter (di) is
calculated over the discrimination and difficulty parameter (b;) (di = —aib;). In this study, the intercept
parameter transformation is used instead of the difficulty parameter. The item intercept parameter is
interpreted as item easiness and is the opposite of the item difficulty parameter. In general, a high value
means that the item is easy (Reckase, 2009). The item slope parameter is interpreted as the item
discrimination parameter. Higher values indicate that the item is more distinctive (Baker, 2001).

It is also assumed that the population ability distribution in the pack follows a normal distribution.
Therefore, there is a normal distribution with mean and standard deviation equal to 0 and 1, respectively,
for model identification purposes in IRT calibrations (Paek & Cole, 2020). In this way, parameter
estimates obtained from different IRT models are provided to be on the same scale (Li, Li, & Wang,
2010). Also, the calculation of IRT scale scores was performed using the EAP (expected a posteriori)
method.

RESULTS

The current study, firstly, analysis results based on the TRT model are presented and focus on testlet
effect variance as an indicator of LID for each testlet. Then, the item parameter estimates obtained from
the TRT model and the standard IRT model were compared, and the RMSE values showing the precision
of these estimates were calculated for each model. Then, various statistics based on correlation values
and mean differences are given to examine the fit between models. The same operations were done for
the estimations regarding the ability parameter.

The Testlet Effects

The testlet effect variance shows the degree of local dependency among items included in a particular
testlet. When the testlet effect variance is zero, there is no local dependence between items. The more
this variance exceeds zero, the higher the degree of LID. However, there are different approaches to
interpret this value. In simulation studies, it is generally stated that variances below .25 can be
considered negligibly small (Glas et al., 2000; Wang & Wilson, 2005). For the testlet effect variance,
values of .50 and above are considered to be more important (Wang & Wilson, 2005; Wainer et al.,
2007). Table 1 shows the magnitudes of y and standard errors of testlet effects.

Table 1. Testlet Statistics

Testlet Number of Items Testlet Variance Standard Error
Testlet 1 4 173 .099
Testlet 2 5 432 142
Testlet 3 6 .088 077
Testlet 4 3 157 123
Testlet 5 2 .200 .235
Testlet 6 7 100 .044
Testlet 7 6 .365 .070
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As shown in Table 1, some testlets have much higher LID than others. The variance of the testlet effect
for testlet 2 (the code of the testlet is “South Pole”) is .489, which is much greater than for other testlets.
However, it is seen that all testlet effect variances are less than .50. Looking at the estimations for
standard errors, it can be said that these values are not very high, and therefore each testlet effect variance
is estimated precisely.

Item Parameter Estimates

The standard IRT model which ignores LID and TRT model item parameters and RMSE values are
showed in Table 2.

Table 2. Summary Statistics for Estimated Item Parameters

Model Slope Intercept

Mean SD Min Max RMSE Mean SD Min Max Mean
IRT .87 31 37 1.57 .08 1.27 1.49 -1.83 5.30 .09
TRT .87 .33 .35 1.71 .09 1.32 1.58 -1.88 6.01 13

Note: SD = standard deviation, Min = minimum, Max = maximum, RMSE = Root Mean Square Error.

The summary statistics are shown in Table 2 show to a very high correspondence between the item
parameters estimated by the standard IRT and TRT models. Especially item slope parameters were
estimated with extreme precision by both models but item intercept parameters, the precision was
somewhat lower but still very high. Besides, when the RMSE values are examined, it is seen that the
values obtained from the TRT model are higher.

Correlation values and mean differences calculated to determine the amount of agreement of item
parameters obtained from different models are given in Table 3.

Table 3. Correlations and Mean Differences for Item Parameter Estimates from Different Models

Parameter Correlation MD MAD RMSD
Slope .996 -.009 .032 .034
Intercept .998 -.095 103 .303

Note: MD = mean differences, MAD = mean absolute differences, RMSD = root mean square differences.

Table 3 presents the correlations and difference-based statistics for item slope and intercept estimates,
respectively. When the correlation values in this table are examined, it is seen that the item parameters
obtained from both models are highly correlated. Mean differences between the item parameters
obtained from the two models were also calculated to see if one model produced higher or lower
parameters than the other model. It can be seen that the average differences for both parameters are very
small. However, when looking at the RMSD values, it can be said that the item parameters are affected
by the testlet structure. It is seen that testlet structure in the test can produce biased results especially for
the intercept parameter.

The relationships of the estimations on item parameters obtained from the IRT model and TRT model
are shown in Figure 1.
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Figure 1. Item Slope and Item Intercept Estimates Under the Standard 2PL Model and Testlet Response
Model

When Figure 1 is analyzed, it can be said that item parameter estimates are similar in both models.
However, while the standard errors related to the item slope parameters are still similar, there is a slight
difference in the standard errors for the item intercept parameter. The standard errors estimated from the
standard IRT model for item slope parameters vary between .04 and .21, while the standard errors
estimated from the TRT model vary between .04 and .28. The standard errors estimated from the
standard IRT model for item intercept parameters vary between .04 and .31, while the standard errors
estimated from the TRT model vary between .04 and .57. Therefore, it can be said that the standard IRT
model underestimated the measurement error.

Person Ability Estimates

Descriptive statistics for the ability parameters obtained from two IRT models and the RMSE values for
the accuracy of this estimate are given in Table 4.
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Table 4. Summary Statistics for Person Ability Estimates

Model Minimum Maximum SD RMSE
IRT -3.04 2.29 .87 .49
TRT -2.70 2.15 81 .58

Note: The mean of the ability distribution was fixed at 0 for estimation purposes for the two models, SD = standard deviation;
RMSE = root mean square error.

When looking at the minimum and maximum values and standard deviation values for the ability
estimation in Table 4, the estimates from the 2PL IRT model showed a somewhat larger variation than
the estimates from the testlet model. When the RMSE values are examined, the higher measurement
precision was obtained from the 2PL IRT model compared to the TRT model. In addition to these values,
correlation and mean differences were calculated to show the fit between the ability parameters
estimated from the two models. It was determined that there is a high correlation between ability
parameters obtained from independent items and the TRT model (r = .996). The value found for MAD
is .098, and the value found for RMSD is .123. For this reason, it can be said that the ability parameters
estimated from both models are similar. Figure 2 shows the scatter plots of ability estimates obtained
from both models and the standard errors of these estimates.

Ability Estimates Standard Errors of Ability Estimates

0

IRT
IRT

-5‘0( 2,00 .00 .LIQ' 1.00 20| 3 EI:U k] 4D = ED ki)
TRT TRT

Figure 2. Person Ability Estimates and Associated Standard Errors under the Standard IRT Model and
the Testlet Response Model

On the left of Figure 2, the distribution of ability estimates of different models and on the right side, the
distribution graphs of the standard errors of the relevant parameter are shown. It can be said that the
estimates of the two models are almost the same according to the scatter plot of the ability parameters
obtained from the standard IRT model and TRT model. However, when the graph regarding the standard
errors is examined, it is seen that the standard IRT model estimates the errors less. While the standard
errors estimated from the IRT model ranged from .41 to .67, the standard errors estimated from the TRT
model ranged from .37 to .69. Therefore, it can be said that the standard IRT model underestimated the
measurement error.

DISCUSSION and CONCLUSION

The aim of this study is to calculate LID magnitude resulting from the testlets in the PISA 2018 reading
literacy test and to compare the effect of this size on parameter estimates and test accuracy. For this
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purpose, item and ability parameter estimations were performed using the IRT model with local
independency assumption and the TRT model.

First, the LID status among the items was examined by calculating the testlet effect variance. It was
determined that the testlet effects found for the seven testlets were lower than .50. Therefore, it can be
said that there is no strong testlet effect in the data set. In studies conducted on real data in the literature,
it has been observed that testlet effect variances are lower than .50 (Baghaei & Ravand, 2016, Chang &
Wang, 2020; Eckes, 2014).

Then, the item parameters estimated on the standard IRT model and TRT models were compared. The
results obtained show that the item parameter estimates are similar. In general, the RMSDs between the
item parameters estimated from the two models were low. It was also determined that the slope
parameter gives more similar results than the intercept parameter. However, this result differs from the
results of the study conducted by Min and He (2014). Comparing the item parameters of different IRT
models, the researchers stated that the slope parameter was estimated more suspiciously than the
intercept parameter. However, in this study, the bifactor model, another model used in testlets, was
chosen as the basic model, and this model was compared with other models. In the present study, the
bifactor model was excluded. The difference observed may be due to comparison with different models.

Correlations between item parameter estimates obtained from both models are quite high. DeMars
(2006), in his research with PISA 2000 data, used both mathematics and reading literacy data to examine
the ability estimations of the independent item model and testlet effect model and stated that the
correlations between these estimations were close to 1. A similar result has been observed in other
studies (Baghaei & Ravand, 2016; Eckes, 2014; Eckes & Baghaei, 2015; Y1lmaz Kogar & Kelecioglu,
2017).

For the last stage of the research, the estimates regarding the ability parameters were examined.
Although the ability parameter results obtained from the standard IRT and TRT models are similar, it is
seen that the results of the standard IRT model differ more. However, considering the correlation for
this parameter and the statistics based on the mean differences of these estimates, it was determined that
the IRT and TRT models show high correlation and are quite compatible with each other with small
RMSD values. This finding is in line with the findings of the studies conducted by Eckes (2014) and
Ozdemir (2017). Besides, standard errors related to the ability parameter are estimated higher in the
TRT model. In the literature, it is stated that if the item team effect is ignored, the standard error for the
ability parameter is underestimated (Chang & Wang, 2010; Wainer, Bradlow, & Du, 2000; Wainer &
Wang, 2000).

Conclusion and Suggestions

Testlets allow more than one item to be asked based on the same stimulus, allowing more than one
information to be collected from a stimulus, thus improving the efficiency of the test (information per
unit time) (Wainer et al., 2000). Therefore, the use of such items in tests is inevitable. However, it is
also necessary to deal with the violation of the local independence assumption of testlet items. To this
end, it is important to determine in which cases breaking this assumption will affect the results.

The current study was determined that the results obtained from the standard IRT model and the TRT
model are quite close to each other. This result is similar to the studies conducted on the real data set
(Baghaei & Ravand, 2016; Demars, 2006; Eckes, 2014; Eckes & Baghaei, 2015; Ozdemir, 2017; Y1lmaz
Kogar & Kelecioglu, 2017). The reason why the result is this way is probably the small variance of the
testlet in the data set used in this study because Glas et al. (2000) stated that the testlet effect variances
lower than .50 had a negligible effect on the results. They also stated that in this case, standard IRT
models, such as 2PL or 3PL could be used without compromising the quality of the parameter estimates.
However, even in studies with a high testlet effect, correlations between standard IRT models and TRT
models were high (Baghaei & Ravand, 2016; Ozdemir, 2017). Beside, it was observed that there were
partial variations in RMSE and standard errors obtained from the parameters. According to DeMars
(2006), although the complex model results in slightly higher RMSE than the less complex model, this
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is not a bias. Differences in standard errors were observed, especially in the ability parameter. Such
differences can lead to negative consequences when it comes to high-risk decisions (Baghaei & Ravand,
2016). Besides, this can cause serious problems when using computer adaptive tests, which are test
termination criteria, the standard error of ability estimates.

As a result, when there is a very strong dependency between the items in the tests, standard IRT models
will not give appropriate results for testlet as they neglect this addiction because the studies conducted
show that neglecting the assumption of local independence violation causes overestimation of reliability
or knowledge and underestimation of standard error of ability estimation (Sireci et al., 1991; Wainer,
1995; Wainer & Wang, 2000; Yen, 1993). However, researchers who have difficulty using more
complex models when the testlet effect is low can use standard IRT models since when the testlet effect
is low, it can be said that these models do not make very different predictions from the TRT models.
Researchers working with testlets are primarily recommended to examine the testlet variance. Then, if
the testlet effect is low, it can be said that standard IRT models can be used for parameter estimates. If
there is a high testlet effect, TRT models are required.

Limitations

Despite the contribution of this research to the field, it has several limitations that require further
research. Since real data was used in the study, the results of the current situation were examined and
the testlet effect variance was estimated to be low. With different studies it can be examined how high
these effects can be based on real data. Also, instead of determining only this effect, studies can be
conducted to determine the source of the variance created by this effect. For this purpose, the
characteristic features of the testlet can be examined using real data, where each item in the test can be
accessed. However, since not all the items could be accessed in PISA applications, the characteristics of
the testlet items could not be examined in this study. Also, only dichotomous items were used in the
study. In future research, the regulations that will consider account the polytomous items can be made.

In the current study, the 2PL TRT model, one model dealing with testlets, was used. TRT models are a
limited form of bifactor models. For this reason, the testlet effect can also be handled with bifactor
models. In the future, similar studies can be done using the bifactor model and models containing more
parameters.
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Parametre Tahminleri Uzerindeki Madde Takimi Etkisinin Farkh
Madde Tepki Kurami Modelleri Kullanilarak Karsilastirilmasi
Girig

Madde takimu (testlet), ortak bir uyarani paylasan maddeler kiimesi olarak tanimlanir (Wainer ve Kiely,
1987). Bu ortak uyaran bir metin, senaryo, tablo ya da sekil olarak sunulabilir. Madde takimlari, test
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uygulamast i¢cin gerekli zamanin etkili kullanilmasini saglamasi, testteki maddelerin igeriginden
kaynakl olusabilecek igerik etkisini azaltmasi, tek bir bagimsiz maddenin dogas1 geregi fazla atomistik
(cok ozel veya dar bir kavrami 6l¢me) olabilecegine dair endiseleri ortadan kaldirmasi gibi ¢esitli
nedenlerle testlerde olduk¢a kullanilmaktadir (Wainer, Bradlow ve Du, 2000; Wainer, Bradlow ve
Wang, 2007). Ancak farklt maddelerin ayn1 madde takiminda toplanmasi durumunda bu maddeler,
Olglilmeye ¢alisilan gizil ozelligin etkisinin Gtesinde birbirleriyle iligkili olabilir. Yerel madde
bagimlilig1 olarak bilinen bu durum standart madde tepki kurami (MTK) modellerinin yerel bagimsizlik
varsayiminin ihlal edilmesine yol agar. Ornegin okudugunu anlama becerisinin 6lgiildiigii bir testte yer
alan maddelerde 6grencilerin performansi, okuma becerisinin yani sira okuma pargasi igerigine olan
ilgisinden veya bilgisinden etkilenebilir (Yen, 1993). Bu nedenle de ayn1 madde takiminda yer alan
maddeler yerel bagimli olabilir.

Madde takimlarindan kaynaklanan yerel madde bagimliligina madde takimi etkisi denir (Wainer ve
Kiely, 1987). Bradlow, Wainer ve Wang (1999), 2 parametreli lojistik modele (Birnbaum, 1968, 2PLM)
bu etkiyi de bir parametre olarak eklemis ve yeni bir model 6nermislerdir. Madde takimi tepki kurami
(MTTK) olarak isimlendirilen bu modelde, ayn1 madde takiminda yer alan maddeler arasindaki
bagimliliklar1 da hesaba katan bir rastgele etkiler parametresi, y, bulunur. Standart 2PL MTK modelinde
madde giicliik ve madde ayirt edicilik parametreleri bulunmakta ve maddeler arasinda yerel bagimlilik
olmadig1 varsayilmaktadir. MTTK modelinde ise madde giicliik ve madde ayirt edicilik parametrelerinin
yani stra bir rastgele etki parametresi de dahil edilerek hesaplamalar yapilir.

Madde takimi etkisini goz oniine alan MTTK modelleri aragtirmalarda siklikla kullanilan bir model
haline gelmistir (DeMars, 2006; Eckes, 2014; Min ve He, 2014; Paap ve Veldkamp, 2012; Wainer ve
Wang, 2000). Glas, Wainer ve Bradlow (2000) yaptiklari simiilasyon ¢aligmasinda, madde takimi
etkisinin gdrmezden gelindigi ve standart MTK modelinin kullanildigi durumda, ay1rt edicilik ve giicliik
parametre kestiriminin ortalama mutlak hatasinin kotii tahmin edildigini belirlemislerdir. Wainer ve
Wang (2000) TOEFL sonuglar iizerinden yiiriittiikleri ¢caligmada Standart 3PL MTK modeline tesadiifi
madde takimi etkisi olarak ifade edilen y parametresinin eklenmesiyle gelistirilen madde takimi
modelinin parametre kestirimlerinde daha iyi sonug¢ verdigini belirlemislerdir. Alanyazinda yer alan
aragtirmalar, yerel madde bagimliligi mevcutken standart MTK modellerinin kullanilmasinin yanli
madde parametre kestirimlerine, yetenek kestirimlerinin kesinliginin fazla tahmin edilmesine, test
giivenirliginin ve test bilgilerinin fazla tahmin edilmesi ve yetenek parametresine iligkin standart
hatalarin oldugundan az tahmin edilmesi gibi sorunlara yol agabildigini gostermektedir (Sireci, Thissen
ve Wainer, 1991; Wainer vd., 2007; Yen ve Fitzpatrick, 2006). Bu arastirmalarin sonuglarina dayanarak
yerel madde bagimliligr géz ardi edildiginde testlerin psikometrik 6zellikleri i¢in ciddi sorunlarla
kargilagilabilecegi sdylenebilir. Bu durum ise test puanlarinin yorumlanmasi ve kullanilmasiyla ilgili
yanlis sonuglar dogurabilir.

Bircok genis Olcekli testte, ortak bir uyarana dayanan ve madde takimi olarak adlandirilan madde
gruplart kullanilmaktadir. Ozellikle okudugunu anlama becerileri i¢in gelistirilen testlerde madde
takimlarma oldukga yer verilir. Ancak bu madde takimlarinin neden oldugu madde takimi etkisi, bir
madde cevap fonksiyonunda ek bir varyans kaynagi olusturur. Buna karsin bu etkiyi g6z 6niine alan
modeller lizerinden analizler gergeklestirmek hala yeterince yaygin degildir. Bu ¢aligma ile bu boslugun
doldurulmasina katki saglamak hedeflenmektedir. Bu ¢alismada; madde takimlarindan kaynakli olugan
yerel madde bagimlilig: biiyiikliigiinii hesaplamak, bu biiyiikliigiin parametre tahminleri ve test kesinligi
iizerindeki etkisini karsilagtirmak amaglanmaktadir. Bu durumlari ele almak igin asagidaki arastirma
sorular1 olusturulmustur:

1. PISA 2018 okuma becerileri testinde yer alan madde takimlarinin yerel madde bagimliligi derecesi
nedir?

2. Standart 2-PL MTK modeliyle elde edilen kisi ve madde parametreleri ile 2-PL MTTK modeliyle
elde edilen kisi ve madde parametreleri farklilasmakta midir?
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Yontem

PISA uygulamasi, 6rglin 6gretimde kayith olan 15 yas grubu 6grencilerin katildigi bir uygulamadir.
PISA arastirmasina katilacak okul ve 6grenciler, OECD tarafindan seckisiz yontemle belirlenmektedir.
PISA 2018 uygulamasina toplam 79 iilke ve ekonomiden katilan 600.000’den fazla 6grenci
bulunmaktadir (Organisation for Economic Co-operation and Development, 2019). Bu galismada PISA
2018 uygulamasina bilgisayar tabanli degerlendirme seklinde katilan {ilkeler tercih edilmistir. Bu
tilkelerin verileri test diizeninin ve madde takimlarinin aymi olmasi bakimindan incelenmis ve
aragtirmanin amacina uygun olan 3105 6grenci iizerinden analizler gerceklestirilmistir.

PISA 2018 uygulamasinda agirlikli alan okuma becerileridir (reading literacy). PISA 2018’de okuma
becerilerini 6lgebilmek igin ¢ok asamali uyarlanmig test (multistage adaptive test-MSAT) deseni
kullanilmistir. Bu deseni igeren uygulamada okuma becerileri alani i¢in toplam 245 madde
bulunmaktadir. Maddeler; temel, 1. asama ve 2. asama olacak sekilde li¢ asamada yer alacak sekilde
yapilandirilmistir. Bu asamalarin farkli siralarda uygulanmasiyla farkli diizenler olusturulmustur. Bu
desende her Ogrenciye her asamada hangi testin alindigina baglh olarak 33 ile 40 arasinda madde
uygulanmigtir. Bu calismada kullanilan veriler, Ogrencilerin %75’ine uygulanan A diizeninden
(Core>Stage 1>Stage 2) elde edilmistir. A diizeni igin tanimlanan 64 farkli yoldan ise segilen yol temel
asama i¢in RC1, 1. asama i¢in R15H ve 2. asama i¢in R21H seklindedir. Ayrintili bilgi i¢in Yamamoto,
Shin ve Khorramdel'in (2019) raporuna bakilmasi onerilir.

Okuma becerileri testinde yer alan maddeler segme gerektiren ya da 6grencinin cevabi kendisinin
yapilandirmasini gerektiren formattadir. Ancak bu ¢alismada yalnizca goktan segmeli ve ikili puanlanan
maddeler iizerine odaklanilmistir. Caligmada farkli sayida madde igeren 7 madde takiminin olusturdugu
toplam 39 madde kullanilmistir.

Calismada iki farkli 6lgme modeli kullanilmigtir: (a) 2PL Madde takimi tepki modeli (Wainer et
al.,2007), (b) standart 2PL MTK modeli (Birnbaum, 1968). Calismada 2PL modellerinin
kullanilmasinin nedeni, MTTK modellerinde 3PL kullanildiginda parametre kestirimleri i¢in yakinsama
problemi yasanabilmesidir (Eckes, 2014). Bu caligmada standart 2PLL. MTK ve 2PL MTTK
modellerinden elde edilen madde ve yetenek parametreleri kestirimleri ile bunlara karsilik gelen standart
hatalar karsilastirilmigtir. Farkli MTK modellerinden kestirilen yetenek parametrelerini karsilagtirmak
icin hatalarin ortalama karekokii (RMSE) incelenmistir. RMSE degerleri yetenek parametrelerinin
standart hatalarinin karesinin ortalamasimin karekokii almarak hesaplanmigtir. Ayrica kestirimler
arasindaki uyusma derecesini daha iyi anlamak i¢in iki modelin kestirimlerine iliskin korelasyonlar
hesaplanmis ve ortalama farkliliklarina dayali istatistikler kullanilmistir (MD, MAD, RMSD). RMSD,
iki modelden kestirilen parametrelerine iliskin hatalar farkinin karesinin ortalamasi alinarak elde
edilmigtir. Analizler R programinda mirt paketi (Chalmers vd., 2015) iizerinden gergeklestirilmistir.

Sonuc ve Tartisma

Bu c¢alismanin amact; PISA 2018 okuma becerileri testindeki madde takimlarindan kaynakli olusan
yerel madde bagimlilig: biiytikliigiinii hesaplamak, bu biiyiikliigiin parametre tahminleri ve test kesinligi
tizerindeki etkisini karsilastirmaktir. Bu amagla madde ve yetenek parametresi kestirimleri yerel
bagimsizlik varsayimi bulunan MTK modeli ile MTTK modeli kullanilarak gergeklestirilmistir.

I1k olarak madde takimi etki varyansi hesaplanarak maddeler arasindaki yerel madde bagimliligi durumu
incelenmistir. Yedi madde takimi i¢in bulunan madde takimi etkisi diisiik diizeydedir. Bu nedenle veri
setinde gii¢lii bir madde takimi etkisinin olmadig1 sdylenebilir. Literatiirde gergek veriler {izerinden
yapilan ¢alismalarda da madde takimi varyanslarinin .50’den disiik oldugu gézlenmistir (Baghaei ve
Ravand, 2016, Chang ve Wang, 2020; Eckes, 2014).

Daha sonra MTK ve MTTK modeli iizerinden kestirilen madde parametreleri karsilastirilmistir. Elde
edilen sonuglar madde parametre kestirimlerinin benzer oldugunu gostermektedir. Genel olarak, iki
modelden tahmin edilen madde parametreleri arasindaki RMSD'lerin kiiciik oldugu belirlenmistir.
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Ayrica a parametresinin, d parametresine gore daha benzer sonuglar verdigi belirlenmistir. Her iki
modelde elde edilen madde parametre kestirimleri arasindaki korelasyonlar ise oldukca yiiksektir.
DeMars (2006) PISA 2000 verisiyle yaptig1 aragtirmada hem matematik hem okuma verileri i¢in MTTK
modeli ile standart MTK ’nin yetenek kestirimlerinin korelasyonlarinin 1’e yakin oldugunu belirtmistir.

Yetenek parametrelerine iligkin kestirimler incelendiginde her iki modelden elde edilen sonuglar benzer
olsa da standart MTK modeli sonuglarinin daha ¢ok farklilastigi goriilmektedir. Ancak bu parametre
icin korelasyon ve bu kestirimlerin ortalama farkliliklarina dayali istatistikler géz oniine alindiginda,
MTK ve TRMTTKT modellerinin yiiksek korelasyon gosterdigi ve kiicitk RMSD degeriyle birbirine
olduk¢a uyumlu oldugu belirlenmistir. Bu bulgu Eckes (2014) ve Ozdemir (2017) tarafindan yapilan
calismalarin bulgulartyla paralellik gostermektedir. Ayrica yetenek parametresine iliskin standart
hatalar MTTK modelinde daha yiiksek kestirilmistir. Literatiirde de madde takimi etkisinin géz ardi
edildiginde yetenek parametresinin standart hatasinin oldugundan diisiik kestirildigi belirtilmektedir
(Chang & Wang, 2010; Wainer, Bradlow, & Du, 2000; Wainer & Wang, 2000).

Sonug olarak bu ¢alismada standart MTK modeli ile MTTK modelinden elde edilen sonuglarin birbirine
oldukga yakin oldugu belirlenmistir. Bu sonug gercek veri seti iizerinden yapilan ¢aligmalarda da bu
sekildedir (Baghaei ve Ravand, 2016; Demars, 2006; Eckes, 2014; Eckes ve Baghaei, 2015; Ozdemir,
2017; Yilmaz Kogar ve Kelecioglu, 2017). Bu ¢alismada bu sonucun nedeni biiyiik olasilikla ¢alismada
kullanilan veri setinde bulunan madde takimlarinin madde takimi varyanslariin diisiik olmasidir.
Ciinkii Glas vd. (2000) 0.50’ten diisiik madde takim1 etki parametrelerinin sonuglar lizerinde gz ardi
edilebilir bir etki yaptigini belirtmislerdir. Ayrica bu durumda 2PL veya 3PL gibi modellerin parametre
tahmininin kalitesinden 6diin vermeden kullanilabilecegini ifade etmislerdir. Ancak madde takimi
etkisinin yiiksek oldugu belirlenen ¢alismalar da bile standart MTK modelleri ve MTTK modelleri
arasindaki korelasyonlar yiiksek bulunmustur (Baghaei ve Ravand, 2016; Ozdemir, 2017). Ancak
parametrelerden elde edilen RMSE ve standart hatalarda kismen farklilagsmalar oldugu goériilmiistir.
DeMars (2006) belirttigi gibi karmasik model daha az karmasik modele gore biraz daha yiiksek
RMSE'ye yol agmustir. Standart hatalardaki farkliliklar ise Ozellikle yetenek parametresinde
gbzlenmistir. Bu tiir farkliliklar yiiksek riskli kararlar s6z konusu oldugunda olumsuz sonuglara yol
acabilir (Baghaei ve Ravand, 2016). Ayrica bu durum, test sonlandirma kriteri kisi tahminlerinin standart
hatasi olan bilgisayar uyarlamali testler kullanildiginda da ciddi sorunlara yol agabilir.

Bu aragtirmanin alana katkisi olmasina ragmen, daha fazla aragtirma gerektiren bazi sinirliliklar1 vardir.
Calismada gergek veriler kullanildigi i¢in mevcut durumun sonuglart incelenmis ve madde takimi etki
varyansinin diisiik oldugu kestirilmistir. Farkli ¢calismalarla bu etkilerin ne kadar yiiksek olabilecegi
gercek verilere dayanilarak incelenebilir. Ayrica sadece bu etkiyi belirlemek yerine, bu etkinin yarattigi
varyansin kaynaginm belirlemeye yonelik ¢aligmalar yapilabilir. Bu amagla, testteki her bir maddeye
ulasilabilen gergek veriler kullanilarak madde takiminin karakteristik 6zellikleri incelenebilir.

Mevcut ¢alismada madde takimlarini ele alan modellerden biri olan 2PL MTTK modeli kullanilmaistir.
MTTK modelleri, bifaktér modelinin siirli bir seklidir. Bu nedenle madde takimi etkisi bifaktor
modeliyle de ele almabilir. Ileride yapilacak galismalarda bifaktdr modeli ve daha fazla parametre igeren
modeller kullanilarak benzer ¢aligmalar yapilabilir.
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