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Abstract

This study aims to use covariate variables correlated with the test scores instead of common items for non-
equivalent groups with covariates (NEC) design in kernel equating. This study used the 2016 Monitoring and
Evaluation of Academic Skills Project in Turkey. The study used data from 6,000 students, randomly selected
from the Turkish Ministry of National Education’s current student data. Three thousand of the students took
form A, and 3,000 of them took form B. The data include mathematics test scores and consist of 18 items, nine
of which are the first items, and nine of which are anchor items. The equated scores from the NEC design were
compared with equated scores from the non-equivalent group (NEAT) design. From the equating results, the
root mean squared difference (RMSD) and standard error of equating (SEE) values were calculated. The results
showed that NEC design could produce lower standard errors compared with the NEAT design, and the least
RMSD was provided by NEAT PSE methods and NEC methods. The general result of this research is that test
forms can be equated using covariates when there are no anchor items.
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INTRODUCTION

In the last century, new equating methods and designs have been developed in test equating. One of
these methods, kernel equating, was first defined by Holland and Thayer (1989) and then developed
by von Davier, Holland, and Thayer (2004). Kernel equating is an equipercentile score equating
technique in which discrete score probabilities are continuized, and score probabilities are equated
(von Davier et al., 2006). In this regard, Kernel equating can be considered a developed form of
traditional equating techniques. There are two reasons for this view. First, it makes data consistent by
using presmoothing, yields smaller errors when compared to other methods by smoothing the
transformation of data, and is less dependent on sample variability. Second, kernel equating can be
applied to all designs and equating functions (von Davier et al., 2004). Kernel equating consists of five
steps, namely, presmoothing, estimation of score probabilities, continuization, equating, and
calculating the standard error of equating. Also, in kernel equating, both linear and equipercentile
equating functions are used (von Davier et al., 2006).

In test equating, there are various group designs, such as single group design, equivalent group design,
and nonequivalent groups with anchor test (NEAT) (Kolen & Brennan, 2014; von Davier et al., 2004).
NEAT design is one of the most frequently used designs in the literature. Post-stratification equating
(PSE) and chained equating (CE) that were used in this study and Levine observed-score linear
equating methods are within the scope of NEAT design in kernel equating (von Davier et al., 2004).
Two different test forms, namely, X and Y, in addition to the anchor test A, are taken by two different
populations in NEAT design. For a detailed theoretical explanation of all methods, readers are
encouraged to look at Chen and Holland (2010), von Davier et al. (2004), and von Davier, Fournier-
Zajac, and Holland (2007). To estimate the distribution of X in group | and the distribution of Y in
group |1, the anchor test A is used by PSE. In this regard, the conditional distribution of X, given A,
and the conditional distribution of Y, given A, constitute the population invariant. Afterward, it post-
stratifies the distributions of both X and Y in a target population T (a synthetic population of Group |
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and Group Il). In CE, the anchor is used as a part of a chain by linking X to A in group | and then A
to Y in group Il (von Davier et al., 2004).

In NEAT design, anchor items are used to adjust the differences in ability between the groups.
However, anchor items might not appear in the forms of all the test programs or standardized tests.
Additionally, test forms might not be equated since it is hard for groups that take different test forms
to be equivalent in practice. For instance, if there are no anchor items in non-equivalent groups,
significant covariates can be used instead of anchor items and the design is called the non-equivalent
groups with covariates (NEC) design (Wiberg & Branberg, 2015). Wiberg and Branberg (2015) also
used NEATNEC design, which is a mixture of the NEC design and the NEAT design in their research.
NEC design is used in the post-stratification equating method (NEATPSE) of kernel equating and the
populations of two groups are weighted to generate a synthetic population to equating the test scores
(Andersson & Wiberg, 2017; von Davier et al., 2004). In fact, it is assumed that enhancing the
correlation of the covariances used in NEC design with the test will result in similar numbers to that
of NEAT CE and NEAT PSE (Wiberg & Branberg, 2015). When the literature was examined, it was
seen that different variables (e.g. test scores and gender) were used as covariates (e.g. Branberg &
Wiberg, 2011; Wiberg & Branberg, 2015; Yurtgu, 2018). The basic assumption of the NEC design is
that these covariates can be used for the ability variability between two groups (Wiberg & Branberg,
2015). In the NEC design, the other critical point is this: for both groups the conditional distribution
of the test scores with the covariates is the same (Wiberg & Branberg, 2015). For this assumption, the
time, equating between test forms plays a critical role in the results. Therefore, bias can be avoided by
adding a variable that affects its change over time to the equating model. (Wiberg & Branberg, 2015).

The literature about covariates in equating revealed that the number of studies are limited. First studies
used different variables in test equating, paving the way for future studies to be conducted with
covariates ( e.g. Cook, Eignor, & Schmitt, 1990; Holland, Dorans, & Petersen 2007; Livingston,
Dorans, & Wright, 1990). As for recent studies, Branberg (2010) equated test forms with covariates
and claimed that it is possible to use covariates instead of anchor items. Branberg and Wiberg (2011),
first of all, conducted a regression analysis between the test scores and variables to determine the
covariates, which were education and gender in the real data. The study results showed that by
correcting for variations in the test score distributions of covariates, test equating could be improved.
Similarly, Wiberg and Branberg (2015) concluded that NEC design is more accurate than the
equivalent group design in kernel equating. In line with this conclusion, using both covariates and
anchor items resulted in the smallest standard error of equating over a large range of test scores. The
research conducted by Gonzalez et al. (2015) revealed that the Bayesian non-parametric model for
equating makes many assumptions that used to be vital for test equating unnecessary, demonstrating
that even when there is no covariant, equating is possible. Wiberg and von Davier (2017) also stated
the effect of covariates in various administrations would aid in the process of ensuring equal testing
for test-takers.

Wallin and Wiberg (2017) investigated the manner in which propensity scores affect equation results
when covariates are great in number by comparing the kernel equating methods in NEAT and NEC
design. Their research indicated that using propensity scores in kernel post-stratification and kernel
chained equating methods increases precision and leads to greater results compared to the equivalent
group designs. Moreover, the research showed great similarities with the results of the anchor test
design. Yurtcu (2018) used covariates to obtain scores equated by using non-parametric Bayes
techniques. According to the research, this model is more informative compared to the traditional
methods. Also, covariants can be used instead of anchor items and in some cases, this model has been
found to give more accurate results. Likewise, the equated scores obtained through this model were
closer to the target. The limited number of studies on the topic indicates a gap in the literature.
Likewise, it is necessary to conduct Item Response Theory (IRT) studies, as well as testing kernel
equating methods, which are new approaches to the topic. In Turkey, large-scale standardized tests
generally are used when making important decisions, such as the selection and placement of students
in any kind of educational program. The Monitoring and Evaluation of Academic Skills Study
(ABIDE) of the Republic of Turkey Ministry of National Education (MoNE) in Turkey uses large-
scale testing to assess the students’ mental skills in topics such as math, science, and social studies
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(MoNE, 2016). With the exception of the Monitoring and Evaluation of Academic Skills Project,
which contains anchor items, all the other exams in Turkey lack anchor items.

The Purpose of the Study

Exams, such as language exams, academic personnel, and postgraduate education entrance exams,
have various validity periods so that results from different years can be used to apply for a master’s
degree, Ph.D. degree, research assistant role, teaching assignments, etc. The fact that the test scores
are comparable and interchangeable brings forward the topic of equating test forms. Through the NEC
design, equating the test forms will be possible, even in cases where there are no anchor items.
Furthermore, designing these sorts of tests will be a guide to equating methods and determining
precautions to be taken in case of the existence or non-existence of anchor items. Accordingly, the
purpose of the study is to compare the results obtained through the PSE and CE equating methods,
which are among the NEAT and NEC kernel equating method designs, and to determine the effect of
gender and socioeconomic level as covariates in test equating.

METHOD

In the context of the study, scores obtained from math sub-tests in the 2016 ABIDE were equated by
using NEAT and NEC designs with kernel chained equipercentile, kernel post-stratification
equipercentile, kernel chained linear, and kernel post-stratification linear methods. Seeing that the
existing methods and techniques were verified through real data, it is possible to claim that the research
is descriptive.

Sample

The population of the study comprised 38,000 students, from 16,118 schools and 48,091 branches,
which were accessed via the ABIDE, with an approximate number of 400 students per city in Turkey
(MoNE, 2016). In the scope of the study, data for 6000 students were used, randomly selected from
the current student data of MoNE, 3000 of whom took form A, and 3000 of whom took form B. Among
the students, 1292 (43.07%) who took form A were female, while 1708 (56.93%) of them were male.
Of those completing form B, 1518 (50.6%) were female, whereas 1482 (49.4%) were male.

Process and Data Collection Instruments

Research data consist of math test scores for eighth-graders as a part of the ABIDE. There are 20 items
in the math sub-test of the ABIDE. Nine of these items are primary items; nine of them are anchor
items, and two of them are pilot items. Furthermore, the project consists of three forms (A, B, and C)
and 12 booklets (Al-A4, B1-B4, C1-C4). Each form of the project consists of nine primary items.
Form A is connected to form B and C with nine items, while form B is connected to form C with nine
items. To put it in a different way, primary items exist in the booklets of forms A, B, and C. Booklet
1 in Form A and Form B were used for this study, and each booklet consists of 18 items, including
anchor items. However, the anchor items were determined as external anchors and were not included
in the total score. There are partially scored items in the booklet. Among the partially scored items,
category 2 was recoded as 1 and was transformed into 1-0 data.

To determine the covariates, the correlation values between math success and student variables in the
questionnaire were analyzed in a report prepared for the ABIDE. The socioeconomic index, which had
the highest correlation value (r = .37, p <.05), was chosen as the anchor variable (MoNE, 2016). To
categorize the socioeconomic level index, which is a continuous variable, three levels: low, middle,
and high, were created through a two-step cluster analysis. Another covariant of the study was gender.
Socioeconomic status (SES) was coded low = 1, middle = 2, high = 3, whereas gender was coded as
female = 1 and male = 2.
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For booklet A, the correlation values of the test and variables were as follows: the correlation of the
anchor test and the test is (r = .51, p <.05); the correlation of the test and the socioeconomic variable
is (r =.21, p <.05); the correlation of the categorical socioeconomic index and the test is (r =.19, p <
.05); and the correlation of gender and the test is (r = .05, p > .05). As for booklet B, the correlation
values were as follows: the correlation of the anchor test and the test is (r = .49, p <.05); the correlation
of the test and the socioeconomic variable is (r = .16, p < .05); the correlation of the categorical
socioeconomic index and the test is (r = .15, p < .05); and the correlation of gender and the test is (r =
.02, p >.05). In other words, the relationship between the test and gender is insignificant for the two
booklets, but the other relationships are significant. Although the relationship between the test and
gender is not significant, it was used in other studies (Branberg & Wiberg, 2011; Gonzalez et al., 2015;
Liou et al., 2001, and Yurtgu, 2018). It was also taken as a covariate in this study.

Data Analysis

Firstly, the test scores were equated with a NEAT design in kernel equating. Afterward, gender and
socioeconomic level variables were set as covariates, and then the test scores were equated with an
NEC design. To equate the tests, the R (R Core Team, 2013) package “kequate” was employed
(Andersson et al. 2013). The standard error of equating (SEE) and error of equating (RMSD-root mean
squared deviation/error) were used for the evaluation.

RESULTS

Before equating the tests, descriptive statistics for booklets A and B were obtained. The findings are
listed in Table 1.

Table 1. Descriptive Statistics of the Booklets

Statistics A-main test A-anchor test B-main test B-anchor test
N 3000 3000 3000 3000
Mean 2.59 3.52 291 2.47
Standard Deviation 1.60 1.85 1.79 1.68
Skewness 0.48 0.38 0.51 0.54
Kurtosis -0.14 -0.23 -0.02 -0.11

According to Table 1, the score distribution of booklets A, B, and anchor tests are right-skewed. As
the kurtosis coefficients of the score distribution are negative, it can be argued that the distribution is
platykurtic (negative kurtosis). The skewness and kurtosis coefficients are between -1.00 and +1.00,
so the data indicates normal distribution. Additionally, the mean of the tests is revealed to be low.

Booklet A of the subtest on the Monitoring and Evaluation of Academic Skills Project was equated to
Booklet B with PSE-EQ (EQ-equipercentile), PSE-L (L-linear), CE-EQ (equipercentile), CE-L
(linear), NEC-EQ SEX (gender), NEC-L SEX, NEC-EQ SES (socioeconomic status), NEC-L SES,
NEC-EQ-SEX-SES, and NEC-L-SEX-SES. Equated scores are listed in Table 2.

In kernel equating, the selection of bandwidths is important. If a large bandwidth is used, the equating
function gets close to the linear equation, whereas in turn, if a small bandwidth is used, the equating
function gets close to the linear equation (von Davier et al., 2004).The results obtained with
bandwidths (h) were hx = 0.51 and hy = 0.54 for NEC-EQ (SES), hx = 1697.17 and hy = 1592.48 for
NEC-L(SES) hx = 0.51 and hy = 0.54 for NEC-EQ (SEX), hx = 1681.76 and hy = 1601.33 for NEC-
L(SEX), hx = 0.51 hy = 01544.18 NEC-EQ (SEX-SES), hx = 0.51 and hy = 0.53 for NEAT PSE-EQ,
hx = 1701.38 and hy = 01589.34 for NEAT PSE-L, hx =0.51 and hy = 0.53 for NEAT-CE EQ, and hx
= 1682.62 and hy = 1601.04 for NEAT-CE L.
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Table 2. Equated Scores Derived from Different Methods

Bookl NEC- NEC- NEC- NEC- NEC-SEX- NEC-SEX- NEAT- NEAT- NEAT NEAT-
etA SEX-EQ SEX-L SES-EQ  SES-L SES-EQ SES-L PSE PSE-L -CE CE-L
0 0.18 0.24 0.14 0.20 0.16 0.21 0.10 0.17 0.02 0.04
1 1.23 1.20 1.16 1.14 1.20 1.17 1.12 111 0.95 0.93
2 2.18 2.15 2.10 2.08 2.14 2.12 2.07 2.04 1.83 1.83
3 3.11 3.10 3.02 3.01 3.07 3.07 3.00 2.97 2.72 2.73
4 4.04 4.05 3.94 3.95 4.00 4.03 3.91 3.91 3.62 3.63
5 4.97 5.01 4.86 4.89 4.95 4.98 4.81 4.84 4.56 4.52
6 5.92 5.96 5.79 5.83 5.92 5.94 571 5.78 5.51 5.42
7 6.89 6.91 6.75 6.77 6.94 6.89 6.61 6.71 6.44 6.32
8 7.89 7.86 7.75 7.71 7.98 7.84 7.53 7.64 7.37 7.22
9 8.92 8.81 8.82 8.64 9.00 8.80 8.55 8.58 8.40 8.11

Raw scores for booklet A were between 0.00-9.00, and the equated scores, based on different equation
designs and methods, were in the raw score range. Scores that were equated via NEC-EQ with
covariate SEX, NEC-L, and NEC-EQ with two covariates were larger than the raw scores for booklet
A in the 0.00-4.00 range and smaller than the raw scores in the 5.00-9.00 range. The scores equated
via NEC-L with sex as the covariate were bigger than the raw scores for booklet A in the 0.00-5.00
range and smaller than the raw scores in the 6.00-9.00 range; the scores equated via NEAT PSE, NEC-
EQ with covariate SES, and NEC-L with covariate SES, were larger than the raw scores for booklet
A'in 0.00-3.00 range and smaller than the raw scores in 4.00-9.00 range. The scores equated via NEAT
CE were larger than the raw scores for booklet A at 0 and smaller than the raw scores in the 1.00-9.00
range. According to the findings, it is possible to claim that the degree of difficulty is not the same
throughout the scale, and it changes depending on the forms. The difference between the equated
scores and raw scores are given in Figure 1.
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NEC-SEX-SES L
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Scale = NEC-SES-EQ
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Figure 1. Difference Between Equated Scores and Raw Scores for NEC, NEAT PSE Equipercentile,

NEAT PSE Linear, NEAT Chain Equipercentile, NEAT Chain Linear (NEAT = non-equivalent groups with
anchor test; PSE = poststratification; CE= Chain Equating equating; NEC = non-equivalent groups with covariates; EQ=

equipercentile and L= linear, SES: socioeconomic status, SEX: Gender)

0,300
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In Figure 1, the raw scores and differences between the equated scores for the different equating
methods and different equating data designs are displayed. For the NEAT design, PSE and CE with
linear and equipercentile types; for the NEC design, equipercentile and linear with two covariates were
used separately. The results show that the difference between equated scores and raw scores were
smaller in cases where the NEC design was used than those of NEAT design. For linear equating, NEC
design with sex and NEC design with sex-SES covariates gave similar results, whereas equipercentile
equating yielded somewhat similar results, except for scores between 7-9. The NEC design (linear and
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equipercentile) with SES covariate gave similar results, except for scores between 8-9. The greatest
gap between the scores equated with the NEC design and raw scores occurred when gender was used
as a covariant. Also, NEAT CE methods (EQ and L) had large differences compared to other methods.
Figure 2 shows the SEE values for the equating methods.

0,18
0,15
0,12
E 0,09 =@=NEC-SEX-EQ
NEC-SEX-L
0,06 NEC-SEX-SES-EQ
NEC-SEX-SES-L
==@==NEAT-PSE-L
0 =@ NEAT-CE
0 1 2 3 - 5 6 7 8 9 =8=NEAT-CE-L
Scale —@— NEC-SES-EQ
== NEC-SES-L

Figure 2. SEE Values for NEC, NEAT PSE Equipercentile, NEAT PSE Linear, NEAT Chain
Equipercentile, NEAT Chain Linear (NEAT = non-equivalent groups with anchor test; PSE = poststratification;
CE= Chain Equating; NEC = non-equivalent groups with covariates; EQ= equipercentile and L= linear, SES:
socioeconomic status, SEX: Gender)

When there are few test-takers with very low results and very few with the highest result, the SEE
should be larger at the lower end of the scale and at the upper end of the scale. But Figure 2 shows that
this is not the case. At the upper end of the scale, SEE is large, while at the lower end of the scale, SEE
is quite small. The fact that a lot of test-takers had low results could be the reason for this. Inspection
of the SEE results for equating methods, NEAT PSE EQ, NEAT PSE L, NEAT CE L, NEAT CE EQ,
NEC EQ with gender covariate gave similar SEE values. Also, all these methods yielded somewhat
similar SEE results between 0-4. The SEE values were highest for NEC, with two covariates between
5-9. Another outstanding detail was that NEC with SES covariate (linear) gave the lowest SEE values
throughout the score scale, and NEC with SES covariate (equipercentile) gave the lowest SEE values
between 0-5. An RMSD coefficient was calculated to evaluate the random error involved in the
equating methods. The resulting coefficients are given in Table 3.

Table 3 reveals that equal RMSD coefficients exist in scores equated with the NEAT PSE EQ, NEC
SES EQ, and the NEC-SEX-SES-L methods. The smallest RMSD (0.10, 0.11, 0.12, and 0.13)
coefficients were obtained from scores equated with the NEAT PSE, NEAT PSE EQ, NEC SES L,
NEC SES EQ, and the NEC-SEX-SES-L method, while the largest RMSD coefficients were obtained
through KE CE equating methods. It can be inferred that the maximum random error was provided by
chained equating methods, whereas the least random error was yielded by NEAT KE PSE methods
and NEC SES methods.
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Table 3. RMSD Coefficient According to Equating Methods

Equating methods RMSD
NEC-SEX-EQ 0.15
NEC-SEX-L 0.14
NEC-SEX-SES-EQ 0.13
NEC-SEX-SES-L 0.12
NEC-SES-EQ 0.12
NEC-SES-L 0.11
NEAT-PSE 0.12
NEAT-PSE L 0.10
NEAT-CE 0.27
NEAT-CE -L 0.28

DISCUSSION and CONCLUSION

In this research, the test forms were equated with the kernel-equating methods under the NEAT and
NEC designs, and the equating results were compared according to SEE and RMSD coefficients. For
the NEC design, the gender variable and socioeconomic index were used as covariates. After
separately adding the covariates to the design, two covariates were added together, resulting in three
different NEC designs. Equated scores obtained with kernel linear and kernel equipercentile equating
techniques are in the raw scores range (0-9). The greatest gap between the raw scores and equated
scores was seen in the NEAT CE methods, while the results of the other techniques were relatively
similar to each other. The gap between the raw scores and equated scores was obtained smaller in NEC
design, and scores obtained with NEAT PSE and NEC designs were similar to each other, as the PSE
technique was used in the NEC design. This finding is consistent with the claims of Wiberg and
Branberg (2015).

An inspection of the standard errors of the equating methods reveals that in the 0-4 range, standard
errors of the methods are relatively similar and close; nevertheless, towards the middle and tail, the
NEC-SES-L, NEC-SES-EQ, and NEC-SEX L equating methods show less standardized error.
Conversely, the greatest standardized error is seen when the NEC design is used with two covariates.
In their research, Wiberg and Branberg (2015) stated that NEC design shows greater standardized error
compared to the NEAT design in the middle scale score range, while NEC, NEATCE, NEAT PSE,
and NEATNEC techniques show similar SEE values throughout the score scale.

In this research, SEE values were relatively similar in the 0-4 score scale, while SEE values differed
depending on the techniques for the 5-9 range. It is possible to state that the findings of the research
are partially inconsistent with the findings of Wiberg and Branberg (2015). Sansivieri and Wiberg
(2016) ascertained that using anchor test with covariates lessens the standard error in IRT-based tests
equating with equivalent groups and NEAT design. It is possible to claim that this finding is consistent
with the research of Sansivieri and Wiberg (2016). In kernel equating, the SEE values in the lower and
upper parts of the score scale are generally higher compared to the middle part (von Davier et al., 2004;
Wiberg & Branberg, 2015). However, in this research, the standard error was lesser at the lower tail
of the score scale. This contrast is possibly caused by the high number of low scores. Branberg and
Wiberg (2011) ascertained the fact that using covariates increases accuracy and decreases the standard
error of the equation. However, it was revealed that the difference between covariant equating and
using anchor items was small. This research revealed that for the NEAT and NEC designs, standard
errors are similar in tail scores, while using only two covariates results in an increase in the standard
error. Wiberg and Branberg (2015) stated that using more than one covariant causes increases in the
sparse data for some cells. So, it is important to limit the number of categories, especially when using
continuous variables as covariates. The cause of the increase in the standard error could be traced to
the fact that there was sparsity in some cells, or the socioeconomic index being a continuous variable
and not subcategorized meaningfully. The decrease in the sample number for the socioeconomic
category within the gender category could be another reason for the increase in the standard error.
Wallin and Wiberg (2017) suggested using propensity to avoid the problem of decline in the
observation number for each category in NEC design.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 368



Akin-Arikan, C. / The Impact of Covariate Variables on Kernel Equating under the Non-equivalent Group Design

Another finding of the research is that standard errors of linear equating are lower than those of
equipercentile equating. This finding is consistent with research by Choi (2009), Liou, Cheng, and
Johnson (1997), Mao (2006), Akin-Arikan, and Gelbal (2018). The main reason for this is that the
large h parameter value reduces the standard error. Additionally, this research revealed that random
errors in NEAT CE methods are higher than other methods. The errors in NEAT PSE and NEC designs
are also partially similar to each other. Usage of the PSE techniques in NEC design caused the
similarity of the random errors. Also, a comparison of the techniques in NEC design indicates that
using the socioeconomic level variable as the covariant leads to the lowest error value, whereas using
the gender variable as the covariant causes the highest error value. The reason for this is the
relationship between the covariant and the test. The correlation value of the gender variable and the
test is statistically insignificant, where the SES variable has a significant low-level correlation. Despite
higher correlation values between the anchor test and the test, the SES variable was able to define
groups like anchor items. When the gender variable is used as the covariant, the error was high;
however, adding the SES covariant to the gender variable lowered the error rate. Yurtgu (2018) argues
that using two covariates is more effective than using anchor items in studies where researchers used
covariates in equating.

The general result of this research is that test forms can be equated using covariates when there are no
anchor items. Additionally, anchor tests might not be sufficient if the ability difference among the
groups is high, the difficulty difference of the test forms is excessive, and the anchor tests are weak
(Albano & Wiberg, 2019). Covariates could be used in such cases. Branberg (2010) states that
covariates could be used instead of anchor items. Gonzalez et al. (2015) and Yurtgu (2018) used the
Bayesian non-parametric model of covariates and stated that equating is possible even in cases where
there are no anchor items. At this point, the ability of the covariant to explain the differences among
the groups is critical. For this reason, inspecting the correlations and test scores is vital for the
determination of the covariates (Branberg & Wiberg, 2011; Liou et al., 2001; Wiberg, 2015; Wiberg
& Branberg, 2015).

Among the large-scale exams in Turkey, only the ABIDE has anchor items. Thanks to this study, it
became obvious that the test forms could be used in cases where there are no anchor items, resulting
in similar findings. To equate the scores of exams with more than one year of validity period, such as
academic personnel exams, postgraduate education entrance exams, and public personnel selection
exams, test forms must be equated with an equivalent group/random group design. However, in cases
of equivalent groups, test forms could be equated with a covariant, as it is difficult to provide
conditions for the groups to be equal. Similar research could be conducted comparing equivalent group
design with NEC design and for different subtests of the ABIDE, such as Turkish language tests,
science tests, etc. Moreover, Bayesian non-parametric models and kernel equating technique results
can be compared.
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Esdeger Olmayan Gruplarda Ortak Degiskenlerin Kernel
Esitlemeye Etkisi

Girig

Yaklasik yiiz yildir, test esitlemede yeni yontemler ve desenler gelistirilmistir. Bu yontemlerden biri
olan Kernel esitleme yontemi, ilk olarak Holland ve Thayer (1989) tarafindan tanimlanmig ve daha
sonra von Davier, Holland ve Thayer (2004) tarafindan gelistirilmistir. Kernel esitleme, kesikli puan
dagilimlarmin siirekli dagilimlara donistiirerek puan dagilimlariin esitlendigi bir esit yilizdelikli
gbzlenen puan esitleme yontemidir (von Davier ve digerleri, 2006). Kernel esitleme bes basamaktan
olusur: 6n diizgiinlestirme, puan dagilimlariin kestirilmesi, siireklilestirme, esitleme ve esitlemenin
standart hatasmnin hesaplanmasidir (von Davier ve digerleri, 2004). Kernel esitleme dogrusal ve esit
yiizdelikli esitleme fonksiyonlarimni igerir (von Davier ve digerleri, 2006).

Test esitlemede; tek grup deseni, esdeger grup deseni, dengelenmis grup deseni ve denk olmayan
gruplarda ortak madde deseni (NEAT) gibi birgok farkli grup deseni bulunmaktadir (Kolen ve
Brennan, 2014; von Davier ve digerleri, 2004). Alanyazinda en sik kullanilan desenlerden biri NEAT
desendir. Kernel esitlemede NEAT deseninde; son tabakalama (PSE), Levine g6zlenen puan dogrusal,
zincirleme esitleme (CE) yontemleri kullanilmaktadir (von Davier ve digerleri, 2004). NEAT
deseninde iki farkli grup vardir ve bu gruplar, iki farkli test formu X ve Y ve ortak test olan A testini
alir. PSE, grup I’deki X dagilimini ve grup II’deki Y dagilimini tahmin etmek igin ortak test olan A’y1
kullanir. A verilen X’in kosullu dagiliminin ve A verilen Y’nin kosullu dagiliminin popiilasyonun
degismez oldugunu varsayar. CE’de ise ortak test zincirin bir pargasi olarak kullanilir: ilk énce grup I
iizerinden X testini A’ya, sonra da grup Il {izerinden A ortak testini Y testine baglar.

NEAT deseninde, gruplar arasindaki yetenek farkini ayarlamak i¢in ortak maddeler kullanilmaktadir.
Ancak biitiin test programlar1 veya standartlastirilmis testlerde ortak maddeler test formlarinda yer
almayabilir. Ayrica farkli test formlarimi alan gruplarin esdeger olmasi da uygulamada ¢ok zor
oldugundan, esdeger grup desenine gore test formlar1 esitlenmeyebilir. Bu durumda, eger denk
olmayan gruplarda ortak madde yer almiyorsa anlamli ortak degiskenler ortak maddeler yerine
kullanilabilir (Wiberg & Branberg, 2015). Eger ortak maddeler yerine ortak degiskenler kullaniliyorsa
bu desen denk olmayan gruplarda ortak degisken deseni (NEC) adim alir.

Esitlemede ortak degiskenler ile ilgili alan yazin incelendiginde, sinirh sayida calisma yapildigi
goriilmiistiir. Yurtdisinda yapilan ilk ¢alismalarda test esitlemede farkli degiskenler kullanilarak ilerde
ortak degiskenlerle yapilacak aragtirmalara 1s1k tutulmustur (Cook, Eignor & Schmitt, 1990; Holland,
Dorans & Petersen, 2007; Kolen, 1990; Livingston, Dorans, & Wright, 1990). Son yillarda yapilan
caligmalara baktigimizda, Branberg (2010) calismasinda ortak degiskenleri kullanarak test formlarini
esitlemistir ve ortak degiskenlerin ortak maddeler yerine kullanilabilecegini ifade etmistir.

Bu baglamda bu ¢aligmanin amaci, NEAT ve NEC desenlerinde Kernel esitleme yontemlerinden PSE
ve CE dogrusal ve esit yiizdelikli esitleme yontemleri ile elde edilen sonuglarin karsilastirilmasi ve
cinsiyet ve sosyoekonomik diizey ortak degiskenlerin test esitlemeye etkisini belirlemektir.
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Yontem

Bu ¢aligma kapsaminda, 2016 ABIDE projesi kapsaminda uygulanan matematik alt testlerinden elde
edilen puanlar NEAT ve NEC desenlerine goére Kernel zincirleme esit yiizdelikli, Kernel son
tabakalama esit yiizdelikli, Kernel zincirleme dogrusal ve Kernel son tabakalama dogrusal esitleme
yontemleri kullanilarak esitlenmistir. Bu arastirmada, var olan yontem ve tekniklerin gercek veri
tizerinden sinanmasi yapildigindan arastirma betimsel aragtirmadir.

Bu caligma kapsaminda, Milli Egitim Bakanligi’ndan var olan 6grenci verilerinden rastgele olarak
secilen A formunu alan 3000 ve B formunu alan 3000 6grenci olmak tizere toplamda 6000 6grenciye
ait veriler kullanilmigtir. A formunu alanlarin 1292’si (%43.07) kiz ve 1708’1 (%56.93) erkek; B
formunu alanlarin 1518’1 (%50.6) kiz ve 1482’si (%49.4) erkek 6grencilerden olugsmaktadir.

NEC desende ortak degiskenleri belirleyebilmek amaciyla ABIDE projesi kapsaminda hazirlanan
raporda matematik basarisi ile 6grenci anketinde yer alan degiskenler arasindaki korelasyon degerleri
incelenmis ve bu degiskenlerden korelasyon degeri en yiiksek olan sosyoekonomik indisi (r = .37, p <
.05) ortak degisken olarak secilmistir (MEB, 2016). Siirekli bir degisken olan sosyoekonomik diizey
indisini kategorilere ayirmak i¢in iki agsamali kiimeleme analizi kullanilarak diisiik, orta ve yiliksek
olmak {izere Ui¢ diizey olusturulmustur. Caliymadaki bir diger ortak degisken ise cinsiyet (sex)
degiskeni olarak belirlenmistir (Branberg & Wiberg, 2011; Gonzalez, Barrientos, & Quintana, 2015;
Liou, Cheng, & Li, 2001, Yurtgu, 2018). Sosyoekonomik statii (ses); diisiik = 1, orta = 2 ve yiiksek =
3 ve cinsiyet degiskeni ise kadin = 1 ve erkek = 2 olarak kodlanmustir. Testlerin esitlenmesi igin R
programinda (R Core Team, 2013) yer alan “kequate” paketi (Andersson, Branberg, & Wiberg, 2013)
kullanilmistir. Degerlendirme kriterleri olarak, esitleme yontemleri igin esitlemenin standart hatasi
(SEE) ve esitleme hatasi (RMSD) kullanilmugtir.

Sonuc ve Tartisma

Bu arastirmada, Kernel esitleme yontemleriyle NEAT ve NEC desenlerinde test formlar1 esitlenerek
SEE ve RMSD Kkatsayilarina goére esitleme yontemleri karsilastirilmistir. NEC desende ortak
degiskenler olarak cinsiyet degiskeni ve sosyoekonomik indisi kullanilmustir. Ortak degiskenler ayr1
ayrt desene cklendikten sonra, iki ortak degisken birlikte eklenerek ii¢ farkli NEC deseni
olusturulmustur. NEAT ve NEC desenlerinde on ayri esitleme puam elde edilerek, sonuglar
karsilastirilmistir.

Kernel dogrusal ve Kernel esit yiizdelikli esitleme yontemleriyle elde edilen esitlenmis puanlarin, ham
puan ranjinda oldugu (0-9 araliginda) goriilmiistiir. Ham puan ile esitlenmis puanlar arasindaki en
biiyiik farkliligin ise NEAT CE yontemlerinde oldugu, diger yontemlerin kismen birbirine daha yakin
oldugu goriilmiistiir. Ayrica NEC desende ham puan ile esitlenmis puanlar arasindaki farkin az oldugu
ve NEC desende PSE yontemi kullanildigindan NEAT PSE ile NEC desenlerinden elde edilen
esitlenmis puanlarin benzer oldugu sonucu elde edilmistir. Elde edilen bu bulgu Wiberg ve Branberg
(2015) tarafindan ulasilan bulgularla tutarhdir.

Esitleme yontemlerine iliskin esitlemenin standart hatalari incelendiginde; 0-4 puan aralifinda
yontemlerin kismen birbirine yakin veya benzer standart hatalara sahip oldugu; ancak orta puan ve ug
puanlara dogru gidildikgce NEC-SES-L, NEC-SES-EQ ve NEC-SEX L esitleme yontemlerinin daha
disiik standart hata verdigi goriilmektedir. Ancak NEC desenin iki ortak degisken ile birlikte oldugu
esitleme deseninde en yiiksek standart hata elde edilmistir. Wiberg ve Branberg (2015) ¢alismasinda
orta dlgek puan araliginda NEC desenin NEAT desenden daha biiyiik standart hataya sahip oldugu,
ancak biitlin puan 6l¢egi boyunca NEC, NEATCE, NEAT PSE ve NEATNEC yontemlerinin benzer
SEE degerlerine sahip oldugu sonucuna ulasilmistir. Bu ¢alismada ise 0-4 puan dlgeginde esitleme
yontemlerinden elde edilen SEE degerleri kismen benzer iken, 5-9 puan araliginda SEE degerlerinin
yontemlere gore farklilastigi sonucuna ulasilmistir. Elde edilen bu bulgunun Wiberg ve Branberg
(2015) tarafindan ulasilan bulgularla kismen tutarli olmadigi sdylenebilir. Elde edilen bu bulgu
Sansivieri ve Wiberg’in (2016) MTK’ya dayali test esitleme yontemlerinde esdeger grup ve NEAT
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desenlerinde ortak test ile birlikte ortak degiskenler kullanildiginda standart hatanin azaldigi
bulgusuyla tutarli oldugu sdylenebilir.

Ayrica NEC deseninden elde edilen yontemleri karsilastirirsak, sosyoekonomik diizey degiskeninin
ortak degisken olarak kullanildig1 desende en diisiik hata degerinin oldugu, en yiiksek ise cinsiyet
degiskeninin ortak degisken olarak kullanildig1 desende oldugu bulunmustur. Bunun nedeni ise ortak
degiskenler ile test arasindaki iligkidir. Cinsiyet degiskeni ile test arasindaki korelasyon degeri
istatistiksel olarak anlamsiz iken, SES degiskeni ile diisiik diizeyde anlamli bir iliski bulunmaktadir.
Ortak test ile test arasindaki korelasyon degeri daha yiiksek olmasina ragmen, ses degiskeni ortak
maddeler gibi gruplar arasindaki farklar1 agiklayabilmistir. Cinsiyet degiskeninin ortak degisken
alindig1 durumda hata yiiksek iken, cinsiyet degiskenine ek olarak SES ortak degiskeninin eklenmesi
de hatayr azalmustir. Yurtgu’nun (2018) Bayes modelde ortak degiskenler ile esitleme yaptigi
caligmada, iki ortak degisken kullanilmasinin ortak maddelerden daha etkili oldugu sonucunu elde
etmistir.

Tiirkiye’de yapilan genis 6lgekli sinavlar goz oniine alindiginda sadece ABIDE projesinde ortak
maddeler yer almaktadir. Bu proje kapsaminda ortak maddeler olmadiginda ortak degiskenler de
kullanilarak test formlarinin esitlenebilecegi ve elde edilen sonuglarin birbirine yakin oldugu elde
edilmistir. Bir yilda fazla gecerligi olan genis dlgekli sinavlarin (KPSS, ALES gibi) test puanlar
esitlenmek istendiginde ise bu test formlarinda ortak maddeler olmadigindan esdeger grup/random
grup desenine gore test formlar: egitlenmelidir. Ancak bu durumda da gruplarin esdeger olma sartinin
saglanmas1 ¢ok zor oldugundan, test ile ortak degiskenler arasindaki iliski gdz Oniine alinarak, test
formlar1 esitlenebilir. Benzer bir calisma ABIDE projesinde yer alan Tiirkge, Fen bilgisi gibi farkl: alt
testler icin ve esdeger grup deseni ile NEC desen karsilastirilarak yapilabilir. fleride yapilacak bir
arastrmada NEC desende Parametrik olmayan Bayes modelleri ile Kernel esitleme yontemlerinden
elde edilen sonuglar karsilastirilabilir.
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