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ABSTRACT
In this study, item response theory-based vertical scaling was conducted, and the vertical
scaling results obtained by using calibration methods and proficiency estimation were
compared. The obtained vertical scales were evaluated according to the criteria of grade-to-
grade growth, grade-to-grade variability, and the separation of grade distributions. For this
study, the data was simulated by R program. According to the results, the mean differences
in both the methods of concurrent calibration and separate calibration methods increased
compared to the levels observed in 8% grade, and that the largest value was obtained
through the EAP method. The mean differences obtained through separate calibration were
lower than those obtained through concurrent calibration. When standard deviation values
were compared, it was observed that the largest values were obtained through EAP in both
calibration methods, and that the standard deviation values obtained in both methods were
generally close to each other. When effect size values were examined, in both calibration
methods, the effect size values increased toward the 8 grade. The effect size values obtained
through separate calibrations were lower than those obtained through concurrent
calibration. The results generated by all three proficiency estimation methods were similar to

each other.
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INTRODUCTION

Information obtained from tests are used to determine which school/university a
student should attend, establishing the test scores students should have to be accepted to a
university, discussing what should be done to improve the education system, and evaluating
changes in educational practices (Kolen & Brennan, 2004). Implementers of the test also want
to be able to compare test scores received from different forms and different groups, and to
replace one test with another, should the need arise. However, to be able make comparisons,
the raw scores need to be converted into standard scores (AERA/American Educational
Research Association, APA/American Psychological Association & NCME/National Council
on Measurement in Education, 1999). By converting the scores obtained from different tests
prepared with the aim of measuring similar characteristics into a common scale, these scores
can be compared and such scores are called comparable scores (Angoff, 1971).

One of the fields in which comparable scores are most frequently used is
developmental scale scores. In order to identify the year-to-year progress of academic
development, developmental scale scores are used; obtained by converting the scores of
students from different grades into a common scale (Kolen & Brennan, 2004). The main
reason to conduct scaling processes in test batteries is to provide the developmental score
scale to the test developers so that they can monitor the progress in the achievements of
students (Loyd & Hoover, 1980). The basic problem in identifying the year-to-year progress
in academic development is the fact that the groups that receive the test and the difficulty
levels and contents of tests are different. In order to overcome this problem, common
questions are asked of the students in consecutive grades and the scores of students at
different proficiency levels are converted into a common scale. In this case, a linking
procedure called vertical scaling is applied (Kolen & Brennan, 2004).

During the process of vertical scaling, different data collection designs, scaling
methods, calibration methods, proficiency estimation methods, and evaluation criteria can be
used. The researchers are required to make certain decisions about the designs and methods
to be used in the scaling process. It was seen that such decisions affected vertical scaling, and
accordingly, the patterns showing the progress in the achievement of students (Tong &
Kolen, 2007). In this study, the data collection design used was the non-equivalent groups
anchor test design and the scaling design used was the Item Response Theory-based logistic
model with two parameters. While the scale conversion calibration method used to link the
grades to a common scale was separate and concurrent calibrations, the estimation methods
used for estimating the item parameters were Maximum Likelihood Estimation (ML),
Expected a Posteriori (EAP), and Maximum a Posteriori (MAP). In the last phase of scaling
study, the results obtained were compared by using the evaluation criteria of grade-to-grade
growth, grade-to-grade variability, and the separation of grade distributions.

Although there is no common opinion in the literature regarding which method is best
and most accurately reflects the increase in the achievement of students, vertical scaling is
used by many test developers. However, each test developer designates by himself the
development processes of vertical scaling for the scale he develops (Tong & Kolen, 2007).
The subject of vertical scaling, which enables the presentation of student achievement
progress in line with their increasing grades, has gained incremental importance and more
studies have begun in this field. This study may serve as a model for monitoring the
progress in the achievement of students.
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The objective of this study is to compare different vertical scaling results obtained
through calibration methods (separate and concurrent calibration) and proficiency
estimation methods (maximum likelihood, expected a posteriori, maximum a posteriori) in
terms of mean, standard deviation, and effect size values by carrying out item response
theory (IRT)-based vertical scaling. In order to compare the vertical scales obtained, the
criteria of grade-to-grade growth, grade-to-grade variability, and the separation of grade
distributions were used. While means and mean differences were examined in order to
evaluate the grade-to-grade growth, the standard deviation values for each grade were
examined to evaluate the grade-to-grade variability; and effect size values were examined to
evaluate the separation of grade distributions. Thus, it is thought that this study will
contribute to the literature.

This research aims to answer to the question: “How does the evaluation criteria
obtained using different calibration methods and different estimation methods in item
response theory-based vertical scaling differ by using artificial dataset derived through
simulation?” The sub-problems examined in line with this problem statement are:

1. How do the
a. grade-to-grade growth
b. grade-to-grade variability
c. the separation of grade distributions

of maximum likelihood, expected a posteriori, and maximum a posteriori proficiency
estimation obtained through concurrent calibration method differ?

2. How do the
a. grade-to-grade growth
b. grade-to-grade variability
c. the separation of grade distributions

of maximum likelihood, expected a posteriori, and maximum a posteriori proficiency
estimation obtained through separate calibration method differ?

METHOD
Type of Research

Because the existing methods and techniques in the research were tested through
artificial data and since the aim was to contribute to theoretical studies by designating the
methods with minimum error, the research is classed as basic research (Creswell, 2013).

Research Design

In this research, non-equivalent groups anchor test design was used. While this design
is one of the most widely used designs in implementation, it is also one of the most flexible
and most complicated designs (Sinharay & Holland, 2007. This method, which is a preferred
method in terms of practicality, is also less restrictive compared to other designs (Zhu, 1998).
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Research Data

The working group of the research consists of artificial data derived in line with the
parameters designated for items and skills. The answers from a total of 1,500 students were
simulated, with 500 students in each grade.

For each of these tests, ten items were designated as common items to enable chain-
linking among consecutive classes. While Hambleton, Swaminathan and Rogers (1991)
stated that the reasonable number of common items corresponds to 20% of the total items in
the test, many studies state that the increase in the number of common items results in a
decrease in the standard error of measurement in the test (Boughton, Lorie, & Yao, 2005;
Kim, Lee, Kim, & Kelley, 2009). Thus, within this study, common items were used, the
number of which correspond to 25% of the total number of items.

In line with the test of science achievement applied, a test pattern consisting of 40
items, ten of which were common with the consecutive class, was developed and the
answers of 1,500 students were simulated by using the R program. What kind of results
would be achieved with the item parameters was tested on the proficiency distributions
designated.

Data Simulation

Prior to the analysis, the item and proficiency parameter intervals designated by the
researchers were also used to derive artificial datasets in the R program. The parameter
intervals of the artificial data derived are given in Table 1.

Table 1. Parameter intervals of artificial data

Proficiency Parameters 6 grade 7t grade 8thgrade
Parameter 0 [-1<6<0]
[ 0<0<1]
[ 1<6<2]
Item Parameters 6 grade 7t grade 8hgrade
Parameter a [0.5<a<1.5]
[0.5<a<1.5] [1<a<2]
[1<a<?]
[1<a<?] [1.5<a<?]
[1.5<a<?]
Parameter b [-3<b<3]
[-1<b<0] [-1<b<+1]
[-2<b<+3]
[0<b<1] [-1<b<2]
[1<b<2]

The proficiency parameters for artificial datasets were set by increasing the values by
one unit for each grade. Artificial data for the 6%, 7%, and 8" grades were generated with
proficiency parameter intervals of [-1<0<0], [0<O<1] and [1<0<2], respectively.

In this study, 2 Parameter Logistic Model (PLM) was applied in the analyses. Hence,
item difficulty (parameter a) and item discrimination (parameter b) were calculated. The
level of item discrimination power was set to be narrowed as the grades increased. Artificial
data for 6%, 7% and 8" grades were generated in intervals of [0.5<a<1.5], [1<a<2], and
[1.5<a<2], respectively. On the other hand, item difficulty levels for the dataset were
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designated separately for the common and non-common items. Parameter b for the first 30
non-common items in the 6% grade was derived in the interval of [-3<b<3]; parameter b for
the last ten items common with the 7™ grade was derived in the interval of [-1<b<0];
parameter b for the first ten items that were common in the 6" and 7" grades was derived in
the interval of [-1<b<+1]; parameter b for the next 20 items of the 7" grade was derived in the
interval of [-2<b<+3]; parameter b for the last ten items that are common in the 7t and 8®
grades was derived in the interval of [0<b<1]; parameter b for the first ten items that were
common in the 8 and 7" grades was derived in the interval of [-1<b<2]; and parameter b for
the next 30 items of the 8t grade was derived in the interval of [1<b<2]. Parameter b for
common items was increased in accordance with the grade and the artificial data was
generated.

RESULTS AND INTERPRETATION

The study results obtained based on grades, calibration methods, and proficiency
estimation methods were examined in regard to the criteria of mean, standard deviation and
effect size.

Results and Interpretations Related to the First Sub-Problem

During the data analysis phase for the first sub-problem, artificial data was derived
using the parameter intervals given in Table 1. Each analysis was iterated 100 times under
the conditions mentioned and the values obtained then averaged. In order to be able to make
a forecast through the concurrent calibration method, codes were written in the R program,
and the item and proficiency parameters for each grade were forecasted through a single
analysis using the BILOG-MG 3 program. Means, inter-mean differences, standard
deviations, and size effect values of the O proficiency level obtained through proficiency
estimation methods, namely ML, EAP, and MAP, were calculated. The mentioned values are
given in Table 2.

Table 2. Results of ML, EAP, and MAP proficiency estimations obtained through concurrent
calibration method in the context of the artificial dataset

Grade ML EAP MAP
6 -0.624 -0.492 -0.488
Mean 7 0.000 0.000 0.000
8 1.136 1.013 0.997
. 6-7 0.624 0.492 0.488
Mean difference 7.8 1.136 1.013 0.997
6 0.783 0.610 0.601
Standard deviation 7 1.000 1.000 1.000
8 0.785 0.659 0.632
. 6-7 0.732 0.719 0.722
Effect size
7-8 1.332 1.433 1.445

Table 2 shows the mean, mean difference, standard deviation, and size effect values
obtained as a result of the ML, EAP, and MAP proficiency estimation for each grade. When
estimating the IRT parameters through concurrent calibration, it is seen that the mean of the
O proficiency level of the 7" grade, which was selected as the reference grade, is zero and its
standard deviation is 1 in all three proficiency estimations. For a better interpretation of these
values, see Graph 1 for related graphics.
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Graph 1. Mean differences, standard deviations, and size effect values obtained through concurrent
calibration method in the context of the artificial dataset

As seen in both Table 2 and Graph 1, when the mean differences calculated as a result
of the concurrent calibration method are examined, it is seen that the mean differences
increase from the 6" grade to the 8" grade in all three proficiency estimation methods.
Graph 1 shows that while the highest mean differences were obtained through the ML
method, values that are close to each other were obtained through the MAP and EAP
methods.

When the standard deviation values are examined in order to evaluate the criteria of
grade-to-grade variability, it is seen that the standard deviation values of the 6™ and 8"
grades were close to each other. While the lowest standard deviation value was obtained
through the MAP method, the highest was obtained through the ML method.

When the criteria of calculated size effect values are examined to evaluate the
separation criteria of grade distributions, it is seen that size effect values that are close to
each other are obtained in all three methods. When the values given in Table 2 are examined,
the size effect between the 6" and 7* grades can be interpreted as a moderate effect, while
the effect value between the 7t and 8™ grades can be interpreted as a strong effect.

When the literature is examined, it is seen that these findings are similar to those
obtained in the study of Tong and Kolen (2007). On the other hand, Meng, Kolen, and
Lohman (2006), Meng (2007) and Tong (2005) indicated in their studies that the smallest
forecasts are obtained through the ML method.

Results and Interpretations Related to the Second Sub-Problem

Artificial data derived through simulation were also used for the second sub-problem
and each analysis was iterated 100 times under the conditions mentioned. In order to be able
to make a forecast through the separate calibration method, codes were written in the R
program, and the item and proficiency parameters for each grade were forecasted separately
using the BILOG-MG 3 program. Quadrature points required for making conversions
through the Stocking Lord method were calculated through the icl_win program and A and
B constants were forecasted through ST program by using the quadrature points calculated.
The slope and intersection values obtained are given in Table 3.
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Table 3. A and B constants obtained for the stocking-lord conversion

Grade A (Slope) B (Intercept)
6-7 1.417 0.357
7-8 1.250 0.812

A conversion was made using the slope and intersection values given in Table 3. Since
the 7" grade is the reference grade, when converting the 6" grade into the 7% grade scale,
proficiency estimations are made with the equation Onew=0prevx1.417+(0.357). And when
converting the 8" grade scale into the 7" grade, proficiency estimation is calculated with the
equation Onew=0prevx1.250+0.812). On the other hand, two conversions are required in order to
convert from 8" grade to the 6™ grade. In order to convert the 8" grade, the equation
Onew=(0Oprevx1.417+(0.357))x1.250+(-0.812) was used. Intersection values are positive for all
grades.

Estimation was made through a separate calibration method, using the forecast values
calculated, as well as the BILOG-MG 3 program. Means, inter-mean differences, standard
deviations, and size effect values of the O proficiency level obtained through proficiency
estimation methods, namely ML, EAP, and MAP, were calculated. The mentioned values are
given in Table 4.

Table 4. Results of ML, EAP, and MAP proficiency estimations obtained through the separate
calibration method in the context of the artificial dataset

Grade ML EAP MAP
6 -0.015 -0.002 0.004
Mean 7 -0.007 0.001 0.005
8 0.013 0.003 0.008
. 6-7 0.008 0.003 0.001
Mean differences 7-8 0.020 0.002 0.003
6 1.159 0.773 0.764
Standard deviation 7 1.130 0.884 0.868
8 1.155 0.863 0.856
. 6-7 0.007 0.004 0.001
Effect size
7-8 0.018 0.002 0.003

Table 4 shows the mean, mean difference, standard deviation, and size effect values
obtained as a result of the ML, EAP, and MAP proficiency estimation for each grade. For a
better interpretation of these values, the related graphics are given in Graph 2.
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Graph 2. Mean differences, standard deviations, and size effect values obtained through the separate
calibration method in the context of the artificial dataset

As seen in both Table 4 and Graph 2, when the mean differences calculated as a result
of concurrent calibration method are examined, it is seen that the mean differences were very
small and close to each other in all three estimation methods.

When the standard deviation values are examined in order to evaluate the criteria of
grade-to-grade variability, it is seen that the standard deviation values of all three grades
were close to each other and that while the results obtained through the MAP method and
EAP method were very similar, the highest standard deviation value was obtained through
the ML method.

When the criteria of size effect values calculated are examined to evaluate the
separation criteria of grade distributions, it is seen that the size effect values are close to each
other in all three methods. When the values given in Table 4 are examined, the size effect
between the 6t and 7" grades and the size effect between the 7 and 8% grades can be
interpreted as a weak effect.

DISCUSSION AND CONCLUSION

The objective of this current study is to compare different vertical scaling results
obtained through different calibration methods (separate and concurrent calibration) and
different proficiency estimation methods (maximum likelihood, expected a posteriori,
maximum a posteriori) in terms of mean, standard deviation, and size effect values by
carrying out item response theory-based vertical scaling.

When the findings obtained for the first and second sub-problems are examined, it is
observed that the mean differences in the cases of both concurrent and separate calibration
methods increased when compared to the 8" grade, and that the highest values are obtained
through the EAP method. It is seen that the mean differences obtained through separate
calibration were lower than those obtained through concurrent calibration. When standard
deviation values were compared, it was observed that the largest values were obtained
through EAP in both calibration methods, and that the standard deviation values obtained in
both methods were generally close to each other. When the size effect, which is another
evaluation criteria, is examined, it is seen that the size effect values increased toward the 8t
grade in both calibration methods. The size effect values obtained through separate
calibration were lower than those obtained through concurrent calibration, and that all three
estimation methods generated results close to each other.
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RECOMMENDATIONS

According to the findings of the research, the vertical scaling process is a complicated
process and is not the only correct method. Since there is no single correct method on which
there is common agreement, the complexity of the methods applied shall be taken into
account in accordance with the results of the analysis, and the most appropriate method
shall again be determined by the researcher depending on the nature of the research. Since
the conditions that are taken into consideration through this process may affect the result of
vertical scaling and thus the improvement of student achievement, it may be recommended
that different methods are used and compared to each other when deciding on the students’
achievements. Hanson and Béguin (2002) expressed that no single method can be designated
and that in order to designate the correct method under different conditions, equating
methods should be used together and their results should be compared in order to achieve
an effective outcome.

This current study is one part of the whole vertical scaling process. Test developers
and implementers are advised to examine studies about the equating process for observed-
real data that is a part of the final phase of the vertical scaling process, and to examine the
factors affecting the scores observed. In this current study, data was derived through
simulation in the defined parameter intervals. For cases in which it is difficult to access real
data, analyses can be carried out by deriving data through simulation.

In the current study, it was found that student achievement increased as the
consecutive grades increased. However, further studies should be conducted in order to
evaluate whether or not this increase is at the desired level. Vertical scaling implementations
are quite important for defining the changes in the year-to-year achievement of students. It is
therefore recommended that vertical scaling studies be initiated and implemented in order to
monitor the achievement of students at the K-12 level.

In this current study, factors such as the length of test (40 items each), the number of
common items (ten items each), the number of sampling (500 students each), and the model
applied (2-PLM) were not defined as conditions and were kept constant. Future research
could use these conditions as variables in order to explore their effects on the results of
vertical scaling.

Researchers should also carry out a longitudinal study in order to examine the
achievement of the same students over multiple years, and conduct their analyses based on
data to be obtained through the longitudinal study. Since there is no single and precise
criteria to be used for evaluating the accuracy of the methods used in vertical scaling,
researchers are recommended to use more than one evaluation criteria (mean, mean
differences, standard deviation, effect size, horizontal distance, Root Mean Square Error of
Approximation [RMSEA], and bias values) when evaluating the results of scaling.
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Basarinin ve Basaridaki Artisin Dikey Olcekleme Ile
Degerlendirilmesi: Dikey Olcekleme Yontemlerinin
Karsilastirilmasi!

Aylin ALBAYRAK SARP & Hiilya KELECIOGLU?

Giris

Bir 6grencinin hangi okula devam edecegine karar verilirken, bir tiniversite alacagi
ogrencilerin sahip olmasi gereken test puanini belirlerken, egitim sistemini gelistirmek igin
neler yapilmas: gerektigi hakkinda kararlar alimirken ve egitim uygulamalarindaki
degisiklikleri degerlendirirken uygulanan smavlardan elde edilen bilgiler kullanilmaktadir
(Kolen & Brennan, 2004). Test uygulayicilar: da farkli formlardan ve farkli gruplardan elde
edilen test puanlarini karsilagtirabilmek ve ihtiyag duyuldugunda testleri birbirinin yerine
kullanabilmek isterler. Fakat karsilastirmanin yapilabilmesi igin ham puanlarin standart
puanlara dontstiirtilmesi gerekmektedir (AERA, APA & NCME, 1999). Benzer ozellikleri
Olgmesi amaci ile hazirlanan farkli testlerden elde edilen puanlarin ortak bir Olcege
dontistirtilmesi ile bu puanlar karsilagtirilabilmekte ve bu tiir puanlara karsilastirilabilir
puanlar denilmektedir (Angoff, 1971).

Karsilastirilabilir puanlarin en ¢ok kullanildig1 alanlardan biri de, gelisimsel 6lgek
puanlaridir. Akademik gelisimin yildan yila ne kadar oldugunun belirlenmesi i¢in, farkh
smif seviyelerindeki 6grencilerden elde edilen puanlarin ortak bir 6lcege doniistiiriilmesi ile
elde edilen gelisimsel 6l¢ek puanlar: kullanilir (Kolen & Brennan, 2004). Test bataryalarinda
Olcekleme islemlerinin yapilmasimnin temel nedeni, test gelistiricilere 6grenci basarisindaki
ilerlemeyi izleyebilecekleri gelisimsel Olgek puami saglamaktir (Loyd & Hoover, 1980).
Akademik gelisimin yildan yila ne kadar oldugunun belirlenmesinde en temel sorun,
uygulanan grubun, testlerin giligliiklerinin ve test igeriklerinin farkli olmasidir. Bu sorunu
asabilmek icin, ardisik smif seviyelerindeki 6grencilere ortak sorular sorularak iki farkh
yetenek diizeyindeki 6grencilerin puanlar: ortak bir 6lgege doniistiiriiliir. Bu durumda dikey
Olcekleme olarak adlandirilan baglama prosediirlerine bagvurulur (Kolen & Brennan, 2004).

Dikey oOlgeklemede, ayni bilgi veya becerileri Olgen fakat giigliikleri farkli olan iki
testten elde edilen puanlar esitlenir. Testi alan bireylerin yetenek diizeyleri ve testlerin
glicliik diizeyleri farklidir (Felan, 2002). Dikey 0Ol¢ekleme, daha ¢ok ilkogretimde uygulanan
basar1 testlerinin esitlenmesinde kullanilmaktadir. Okuloncesi egitimden on ikinci sinifa
kadar olan biiyiik ¢apli degerlendirmelerde, 6grencilerin akademik gelisimlerini belirlemek
icin bir¢ok ¢alisma yapilmaktadir. Belirlenen yillar arasinda karsilastirma yapabilmek veya
sinif diizeyine bakilmaksizin tiim test puanlarini ayni 6lgekte gosterebilmek igin verilen smnif
diizeyleri arasinda, genis bir araliktaki tiim 6grenci performanslari i¢in tek bir dlgek puam
elde etmek gerekmektedir. Boyle dlgeklere dikey dlgek, boyle bir dlgek gelistirme siirecine ve
biitiin sinif diizeylerindeki degerlendirme puanlarii boyle bir dlgege yerlestirmeye dikey
dlgekleme denmektedir (McBride & Wise, 2001). Ogrencilere, sinif diizeylerine uygun olarak

! Bu calisma Aylin Albayrak Sari’min “Fen Basarisindaki Artisin Belirlenmesinde Madde Tepki Kuramina Dayali Dikey
Olgekleme Yoéntemlerinin Karsilastirilmasi” baslikli tezinden tiretilmistir. Bu calisma Hacettepe Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan desteklenmistir. Proje Numarasi: 014 T03 700 001-587.

2Dr. - Hacettepe Universitesi, Egitim Fakiiltesi - aylinalb@hacettepe.edu.tr

3 Prof. Dr. - Hacettepe Universitesi, Egitim Fakiiltesi - hulyaebb@hacettepe.edu.tr
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hazirlanan testler uygulanarak farkli smif diizeylerinden elde edilen puanlar ayni puan
olgeginde ifade edilmektedir. Bu islemler sayesinde, farkli smif diizeylerinden elde edilen
puanlar karsilagtirilabilmekte ve bireylerin gelisimleri hakkinda bilgi edinilmektedir (Kolen,
1988).

Tiirkiye’de de uygulanan ve ogrencilerin basarisini hem ulusal hem uluslararasi
platformda karsilastirabilmeye olanak saglayan PISA, PIRLS, TIMSS gibi uluslararasi
smavlarin sayis1 arttik¢a Ogrencilerin akademik basarisinin belirlenebilmesi icin yapilan
calismalarin sayisinda ve bu basarinin yildan yila nasil degistiginin belirlenebilmesi igin
yapilan c¢alismalarin sayisinda son yillarda artis goriilmektedir. Amerika Birlesik
Devletleri'nde 2001 yilinda alinan No Child Left Behind - Higbir Cocuk Geride Kalmasin-
(NCLB, 2002; Public Law 107-110) yasalar1 geregi tilkedeki tiim ¢ocuklarin akademik basari
gelisimleri izlenmeye bu konuda calismalar yapilmaya baglanmigtir. NCLB uygulamalari ile
cogu tiilke Ogrencilerinin basar1 gelisimlerini izleyebilmek igin yapilan ¢alismalara agirlik
vermektedir. Her ne kadar alanyazinda bir smiftan daha {ist sinifa basari gelisimlerini
olgmek icin tizerinde hem fikir olunan belli bir yontem olmasa da dikey 0Glgekleme
calismalari ile 6grencilerin gelisimleri belirlenmektedir.

Alanyazinda hangi yontemlerin Ogrencilerin basarilarindaki artisi en iyi ve dogru
ortaya koydugu konusunda ortak bir goriis yoktur. Buna ragmen dikey dlgekleme bircok test
gelistiricisi tarafindan kullanilmaktadir. Ancak her test gelistirici gelistirdigi olcek i¢in dikey
Olcek gelistirme siireglerini kendisi belirlemektedir (Tong & Kolen, 2007).

Bu ¢alismanin amaci, madde tepki kuramina dayali olarak dikey Olgekleme ¢alismasi
yuriiterek, farkl kalibrasyon yontemleri (ayr1 ve es zamanh kalibrasyon) ve farkli yeterlik
tahmini yoOntemleri (maksimum olabilirlik, beklenen o6nsel dagilim, maksimum onsel
dagilim) kullanilarak olusturulan farkli dikey oOlgekleme sonuglarmin 6lgeklerin ortalama,
standart sapma ve etki biiyiikliigii degerlerine gore karsilastirilmasidir. Bu calismada
tiretilen dikey Olceklerin, bir sif diizeyinden diger simif diizeyine olan biiylime, siuf
diizeyleri arasindaki gesitlilik ve diizey dagilimlarimin ayrimi Ozellikleri {izerinde
durulmustur. Bir smnif diizeyinden diger smif diizeyine olan biiylimeyi degerlendirebilmek
icin ortalamalar ve ortalama farklari, sinif diizeyleri arasindaki gesitliligi degerlendirebilmek
icin her sif diizeyi icin standart sapma degerleri ve diizey dagilimlarmin ayrimmi
degerlendirebilmek igin de etki biiytikliigii degerleri incelenmistir.

Yontem

Arastirmada var olan yontem ve teknikler gercek veri ve yapay veri iizerinden
sinandig1 ve en az hatali yontemler belirlenerek kuramsal ¢alismalara katki saglamasi amaci
tasidig i¢in arastirma temel arastirma niteligindedir (Creswell, 2013).

Calisma grubu igin yapay veri seti olusturulurken alanyazin incelenmis ve
alanyazindaki ¢aligmalara gore belirlenen madde ve yetenek parametreleri kullanilmigtir.
10’ar maddesi ardisik sinif ile ortak madde olmak {izere 40’ar maddelik bir test Oriintiisii
olusturulmus ve 1500 6grenci yanit1 R programi kullanilarak simiile edilmistir. Yapay veri
seti i¢in yetenek parametreleri, siif seviyelerine gore birer birim artirilarak belirlenmistir.
Yapay veriler 6., 7. ve 8. siniflar igin yetenek parametreleri sirasiyla [-1<0<0]; [0<0<1] ve
[1<0<2] araliklarinda tiretilmistir. Veri setindeki maddelerin ayiricilik giicii diizeyleri sinif
seviyesi arttikca daralacak sekilde belirlenmistir. Yapay veriler, 6., 7. ve 8. siuflar icin
sirasiyla [0.5<a<1.5], [1<a<2] ve [1.5<a<2] araliklarinda tiretilmistir. Veri setinin madde gtigliik
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diizeyleri ise ortak ve ortak olamayan maddeler igcin ayri ayri belirlenmistir. 6. siuf
diizeyindeki ortak olmayan ilk 30 maddenin b parametresi [-3<b<3] araliginda; madde 7.
sinif ile ortak son on maddenin b parametresi [-1<b<0]; 7. smifin 6. sinf ile ortak olan ilk on
maddesinin b parametresi [-1<b<+1]; 7. sinifin sonraki 20 maddesinin b parametresi[-2<b<+3];
7. sinif ile 8. sinifin ortak son on maddesinin b parametresi [0<b<1]; 8. siifin 7. sinif ile ortak
ilk on maddesinin b parametresi [-1<b<2]; 8. smnifin sonraki 30 maddesinin b parametresi
[1<b<2] araliginda tiiretilmistir. Ortak maddelerin b parametreleri sinif seviyesine gore
artirilarak yapay veriler {iretilmistir.

Bulgular

Birinci alt problemde yer alan es zamanli kalibrasyon ile elde edilen bulgular
belirlenen {i¢ kritere gore karsilastirilmistir. Siif diizeyleri arasindaki gesitlilik kriterini
degerlendirmek icin hesaplanan standart sapma degerleri incelendiginde, 6. smif ile 8. sif
standart sapmalariin birbirine yakin degerler oldugu, en diisiik standart sapma degerinin
MAP yontemi kullanilarak, en yiiksek standart sapma degerlerinin ML yontemi kullanilarak
elde edildigi goriilmektedir. Diizey dagilimlar1 arasindaki ayrim kriterini degerlendirmek
icin hesaplanan etki biiytkliigii kriterleri incelendiginde, etki biytikliiklerinin her iig
yontemde de birbirine yakin degerler elde edildigi goriilmektedir. 6. smf ile 7. simf
arasindaki etki degeri orta etki, 7. sinif ile 8. siuf arasindaki etki degeri ise giiclii etki olarak
yorumlanabilir. Alanyazin incelendiginde elde edilen bu bulgularin Tong ve Kolen (2007)'un
calismasindaki bulgular ile paralel oldugu goriilmektedir. Meng (2007) ve Tong (2005) ise
¢alismalarinda en kiigiik kestirimlerin ML yontemi ile elde edildigi bulgusuna ulagmislardir.

Ikinci alt problemde yer alan ayri kalibrasyon ile elde edilen bulgular da belirlenen
kriterlere gore incelenmis ve sonuglar1 karsilastirilmistir. Smif diizeyleri arasindaki gesitlilik
kriterini degerlendirmek icin hesaplanan standart sapma degerleri incelendiginde, her {ig
smif diizeyine ait standart sapmalariin birbirine yakin degerler aldigi, MAP yontemi ile
EAP yonteminin sonuglarmin ¢ok benzer oldugu, en yiiksek standart sapma degerlerinin ML
yontemi ile elde edildigi goriilmektedir. Diizey dagilimlar1 arasindaki ayrim kriterini
degerlendirmek icin hesaplanan etki biytikligi kriterleri incelendiginde, etki
biiytikliiklerinin her ii¢ yontem ile de birbirine yakin degerler elde edildigi goriilmektedir.
Analizler sonucu elde edilen etki biiyiikliigii degerleri incelendiginde, 6. sinif ile 7. siuf
arasindaki ve 7. smif ile 8. sinif arasindaki etki degeri zayif etki olarak yorumlanabilir.

Elde edilen iki alt problemin bulgular1 karsilastirildiginda, es zamanhi ve ayri
kalibrasyon yonteminin her ikisinde de ortalama farklarin 8. siif diizeyine dogru arttig1 ve
her iki yontemde de en yiiksek degerlerin EAP yontemi ile elde edildigi goriilmektedir. Ayr
kalibrasyon ile elde edilen ortalama farklar1 es zamanh kalibrasyon ile elde edilen ortalama
farklarina gore daha distiktiir. Standart sapma degerleri kargilastirildiginda, her iki
kalibrasyon yonteminde de en yiiksek degerlerin EAP ile elde edildigi ve her iki yontemle de
genel olarak birbirine yakin standart sapma degerleri elde edildigi goriilmektedir. Etki
bliytikliigii degerleri incelendiginde her iki kalibrasyon yonteminde de 8. siifa dogru etki
biiytikliigii degerlerinin arttify goriilmektedir. Ayr1 kalibrasyon ile elde edilen etki
biiytikliigii degerleri es zamanli kalibrasyona gore daha diistiktiir. Her {i¢ yetenek kestirim
yontemi birbirine yakin sonuglar tiretmistir.

Tartisma ve Oneriler
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Dikey olgekleme sonucunda elde edilen bulgular incelendiginde, dikey Olgekleme
stirecinin karmagik bir siire¢ oldugu ve tek bir dogru yontemin olmadig1 goriilmektedir.
Uzerinde hemfikir olunan dogru bir yontem olmadig1 igin, uygulanan yontemlerin
karmagikli1 analizlerin sonuglar1 géz oniinde bulundurularak en uygun yontemi yine
arastirmaci belirlemesinin uygun oldugu soylenebilir.

Bu siiregte ele alman kosullarin birbiriyle etkilesimi dikey ol¢ekleme sonucunu
dolayisiyla 6grenci basarisinin gelisimine yonelik yapilacak yorumlar: etkileyebilecegi icin
Ogrenci basarilar1 hakkinda karar verirken farkli yontemlerin de kullanilarak karsilastirma
yapilmasi Onerilebilir. Hanson ve Béguin (2002) de tek bir dogru yontem belirtilemeyecegi,
farkli kosullarda dogru yontemi belirleyebilmek igin esitleme yontemlerini bir arada
kullanarak, sonuglarin karsilastirmanin etkili olacagini vurgulamislardir.

Bu aragtirma tiim dikey o6lgekleme siirecinin bir parcasidir. Test gelistirme uzmanlar:
ve uygulayicilarina dikey Olgekleme siirecinin son asamasinda olan gozlenen-gercek puan
esitleme stireci ile ilgili calismalari, gozlenen puanlar1 etkileyen faktorleri incelemeleri
Onerilebilir. Bu ¢alismada belirlenen parametreler araliginda simiilasyon ile veri tiiretilmistir.
Gergek verilere ulasimin zor oldugu durumlarda simiilasyon ile veri tiiretilerek analizler
yapilabilir.

Ogrenci basarilarinin ardisik smif seviyesi arttikca arttigy gortilmiistiir, fakat bu artisin
istendik diizeyde olup olmadigini degerlendirebilmek icin ¢aligmalar yapilmas: onerilebilir.
Ogrencilerin yildan yila basarilarindaki degisimin belirlenebilmesi igin dikey 6lcekleme
uygulamalar1 oldukca 6nemlidir. Ogrencilerin K-12 seviyesinde basarilariin takibi icin
dikey 6l¢ekleme ¢alismalarinin baslatilmasi ve yiiriitiilmesi 6nerilebilir.

Bu calismada test uzunlugu (40ar madde), ortak madde sayis1 (10ar madde), 6rneklem
sayist (500er kisi), uygulanan model (2PLM) gibi faktorler kosul olarak belirlenmemis ve
sabit tutulmustur. Arastirmacilar bu kosullar1 degisken olarak kullanabilir ve dikey
Olcekleme sonuglarina etkisini aragtirabilirler. Arastirmacilar, boylamsal bir arastirma
yuriitiip uzun yillar ayn1 Ogrencilerin basarisin1 inceleyebilir ve analizlerini boylamsal
calismadan elde ettikleri veriler tizerinden yapabilirler.

Dikey 6l¢eklemede kullanilan bu yontemlerin dogrulugunu degerlendirmek igin tek ve
kesin bir 6l¢iit olmadig1 igin arastirmacilara olgekleme sonuglarini karsilastirirken birden
fazla degerlendirme Olgiitii (ortalama, ortalama farklari, standart sapma, etki biyiikligi,
yatay uzaklik, esitleme hatasi (RMSE) ve yanlilik (bias) degerleri) kullanmalar: 6nerilebilir.

Anahtar Sozciikler: Madde tepki kurami, Dikey Olcekleme, Kalibrasyon yontemleri, Yetenek
kestirim yontemleri, Simiilasyon, Yapay veri
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