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Comparison of Person-Fit Statistics for Polytomous Items in
Different Test Conditions *

Asiye SENGUL AVSAR **

Abstract

The validity of individual test scores is an important issue that needs to be studied in psychological and
educational assessment. An important factor affecting the validity of individual test scores is aberrant item
response behavior. Aberrant item scores may increase/decrease the individuals’ scores and as a result
individuals’ ability can be estimated above/below their true ability. Person-fit statistics (PFS) are useful tools to
detect aberrant behavior. There are a great number of parametric and nonparametric PFS in the literature. The
general purpose of the study is to examine the effectiveness of the parametric and nonparametric PFS in data
sets which consist of polytomous items. This study is fundamental research aimed at determining the
effectiveness of PFS using simulated data sets. According to the results, as expected, as the Type | error rates
(significance alpha level) increased, detection rates (power) increased. In general, it is seen that as the number
of misfitting item score vector and number of items increased, detection rates increased. Generally,
nonparametric PFS (N-PFS) (especially GP) detected more aberrant individuals than parametric PFS (P-PFS) |7
However, in some tests’ conditions |,” detected more aberrant individuals than N-PFS for longer tests. The results
indicate that N-PFS outperformed P-PFS in most of the test conditions.

Key Words: Polytomous items, aberrant item response, person-fit statistics.

INTRODUCTION

It is known that psychological and educational tests are important in making decisions about
individuals and identifying their learning problems, developmental problems, and psychological
disturbances. It is clear that test users will focus on individual scores, especially in psychological
diagnoses and treatments (Emons, 2003, 2009). Therefore, the validity of individual test scores is an
important issue that needs to be studied in psychological and educational assessment.

An important factor that affects the validity of individual scores is aberrant item response behavior.
For example, an individual may give incorrect answers to easy items in an exam because of being
anxious during a test. This situation can lead to the person’s ability estimated below her/his true ability.
Another example is a situation that low-skilled individuals copy correct answers from highly skilled
individuals sitting around them. This situation can lead the person's ability estimated above her/his
true ability. Not taking the test seriously, lacking motivation, concentration problems in cognitive tests,
giving fake responses in personality tests also form the basis for aberrant item responses. Thus, the
validity of individuals’ ability estimates can be negatively affected (Emons, 2003, 2008; Sijtsma &
Molenaar, 2002).

Aberrant item scores may increase/decrease the individuals’ scores and as a result individuals’
estimated ability will be above/below their true ability. According to this, the ability of cheaters and
lucky guessers are estimated spuriously high, while the abilities of examinees who are confused at the
beginning of test, who never reach to items towards the end, who have language deficiencies are
estimated lower than their actual ability levels (Meijer, 1996). Moreover, sometimes random guessers
or examinees who respond without an idea about the item content, creatives (examinees who interpret
items in a creative way) and examinees (misalign their answer sheets) also have aberrant item scores

* This study is a part of 2219 Tubitak Project which was directed by supervisor Dr. W. H. M. Emons.
** Assist. Prof., Recep Tayyip Erdogan University, Faculty of Education, Rize-Turkey, asiye.sengul@erdogan.edu.tr,
ORCID ID: 0000-0001-5522-2514
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and the abilities of the individuals may be estimated lower or higher than their real ability levels
(Meijer, 1996). In all these cases, it is clear that individuals are not evaluated correctly. Therefore, in
order to be able to make right decisions according to the test results, it is important to evaluate the
validity of individual item-score patterns, which raise concerns about validity.

The purpose of person-fit analysis is to determine the fit of individual response patterns with the
postulated model and to identify aberrant-misfitting individual item-score vectors (Meijer & Sijtsma,
2001). To accomplish this goal, person-fit statistics (PFS) are used. PFS reveal atypical test
performance with the response patterns that the individuals gave to the test items (Emons, 2008; Meijer
& Sijtsma, 2001). PFS play an important role in reaching more valid results since it prevents important
decisions about the individual from possibly invalid test results (Emons, 2008). Also, person-fit
analysis is a valuable method for validity, which is one of the important psychometric properties of
measurement tools.

Many PFS have been developed in the literature. Examples of these statistics include caution indices,
norm-conformity indices, and appropriateness measurement (Drasgow, Levine & McLaughlin, 1987;
Embretson & Reise, 2000; Levine & Drasgow, 1983; Tatsuoka, 1984; Tatsuoka & Tatsuoka, 1982; as
cited in Emons, 2003). PFS are generally divided into parametric and nonparametric statistics
(Karabatsos, 2003; Mousavi, Tendeiro, & Younesi, 2016). Parametric PFS (P-PFS) are based on
parametric item response theory (PIRT), while nonparametric PFS (N-PFS) are based on group
statistics (i.e., item means) or nonparametric item response theory (NIRT) (Karabatsos, 2003). Table
1 shows examples of PFS according to the item type (Tendeiro, 2016).

Table 1. Parametric and Nonparametric PFS According to Item Type

P-PFS Explanation Item Type

Iz The standardized log-likelihood of the response vector Dichotomous
I Developed I; (to overcome I; limitation) Dichotomous
IP Natural extension of I to polytomously scores Polytomous
N-PFS Explanation Item Type
I'pbis Personal biserial statistic Dichotomous
C The caution statistic Dichotomous
G Number of Guttman errors Dichotomous
Gn Normalized version of G Dichotomous
A D, E Agreement, disagreement, and dependability statistics Dichotomous
U3, ZU3 van der Flier’s U3 and ZU3 Dichotomous
C Caution statistic Dichotomous
c Modified caution statistic Dichotomous
NCI NCI = 1 — 2Gnnormed) Dichotomous
HT Sijtsma’s HT person-fit statistic Dichotomous
GP Number of Guttman errors for polytomous items (Gpoly) Polytomous
GnP Normalized version of Gpoly Polytomous
u3P Generalization of U3 person-fit statistic for polytomous items (U3 poly) Polytomous

In the literature, log likelihood based I, statistic is the most frequently studied for binary items (Rupp,
2013). It is expressed that the most frequently used P-PFS for polytomous items is I.,”; whereas popular
N-PFS include GP, G\, and U3P (Emons, 2008; Rupp, 2013; Syu, 2013).

Statistic I,” is the extended version of I, for polytomous items developed by Drasgow, Levine, and
Williams (1985). Statistic I,” is assumed to be standard normally distributed under the null model of
no aberrance, where large negative values (say less than -1.645) of I,° suggest aberrant response
behavior (Meijer, 2003). One of the N-PFS is Guttman errors (G). Statistic G is the number of item
pairs for which the respondent passed/answered the difficult item but failed the easy items for
dichotomous items. As for polytomous items, G is also based on item pairs. In particular, a Guttman
error occurs when a respondent passed difficult steps on one item and fails easy steps on another item
(Meijer, 1996, 2003). Emons (2008) proposed a normed version which takes into account the
maximum of the GP based on the sum score of the test. Both G"’s and G\"’s minimum value is zero,
which means no Guttman error, in other words, no misfit was observed. The maximum value of G°
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depends on the total score, while the maximum value of G\ is one and means extreme misfit (Emons,
2008). Another N-PFS is U3P (Emons, 2008), which is the extended version of U3. Minimum value of
U3P is zero indicating no misfit, a maximum value of U3P is one indicating extreme misfit (Emons,
2008).

N-PFS have few advantages over P-PFS. N-PFS methods only require the fit of a nonparametric model
and do not require fit of more restrictive parametric models (Emons, 2003). In particular, for N-PFS it
is sufficient that the data set fits the Mokken Homogeneity Model (MHM). This model assumes
unidimensionality, local independence, and monotonicity (i.e., nondecreasing item characteristic
curves). Therefore, these assumptions should be examined before using N-PFS (Emons, 2008).

Person-fit analysis which is emphasized as an important issue in education and psychology has been
successfully applied especially in achievement tests and cognitive tests (Meijer & Sijtsma, 2001).
Educational studies (examining inconsistencies in curriculum, Harnisch & Linn, 1981), cognitive
psychology studies (determining of learning strategies, Tatsuoka & Tatsuoka, 1982), intercultural
comparison (comparing and evaluating test scores of groups from different languages, van der Flier,
1982), personality measurement studies (identification of fake answers in the measurement tools
developed for the purpose of measuring personality, Dodeen & Darabi, 2009; Ferrando, 2004, 2009,
2012; Reise & Waller, 1993; Woods, Oltmanns, & Turkheimer, 2008; Zickar & Drasgow, 1996),
studies on work and organization psychology (identification of individuals with unexpected item
vector score in a chosen test, Meijer, 1998), evaluating attitudes (Curtis, 2004), and research on health
outputs (Custers, Hoijtink, van der Net & Hel, 2000; Tang et al., 2010) can be presented as examples
(as cited in Emons, 2003; Rupp, 2013). Psychological evaluations (Conijn, Emons, De Jong & Sijtsma,
2015; Meijer, Egberink, Emons & Sijtsma, 2008) also can be presented as for PFS studies.

In addition to these studies, a literature review shows that researchers developed new PFS and tested
PFS in different test conditions (Emons, 2008; Glass & Dagohoy, 2007; Karabatsos, 2003; Twiste
2011; van der Flier, 1982), determined aberrant behavior via real data test applications (Egberink,
2010; Emmen, 2011; Meijer, 2003; Spoden, 2014), tested which PFS perform best detecting aberrancy
(Emons, 2008; Karabatsos, 2003; Syu, 2013; Voncken, 2014). As indicated in the literature review
conducted by Rupp (2013), person-fit analyses are researched via both simulated and real data sets.
However, the review also shows that the person-fit analyses are studied often for binary items, and
only little for polytomous items. Hence, the literature review shows paucity in research on polytomous
PFS and need for more studies on the effectiveness of polytomous PFS in various simulated test
conditions, especially under small samples and skew distributions of test.

Purpose of the Study

The general purpose of the study is to examine the effectiveness of parametric and nonparametric PFS
in data sets which consist of polytomous items. The following questions are addressed, which are in
line with the overall objective that is determined:

1. How does the proportion of detected individuals with aberrant item scores vary across test
conditions such as sample size, distribution of ability, test length, and proportion of
aberrancy which depends on manipulation of items and persons?

2. Which PFS performs best in different test conditions?

METHOD

This study includes a fundamental research aimed at determining the effectiveness of PFS using
simulated data sets.
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Data Simulation

In this study, data were simulated under Samejima’s Graded Response Model (GRM), which is a
suitable model for items with ordered answer categories. This model is defined by three basic
assumptions, including unidimensionality, local independence, and monotonicity between latent trait
and item responses (Hambleton, van der Linden & Wells, 2011; Meijer & Tendeiro, 2018).

To formally define the model, the following notation will be used. Let J be the number of items indexed
by j. Each item is assumed to have (M+1) ordered answer categories. Let X; be the random variable
with realizations Xj (0, ..., M). The core of GRM is the item-step response functions (ISRF), which
are defined as:

0(0-8;x.)
e

J
Pjy (e)=P(ijxj|e)=W; x=(1,2, ..., M) (1)
4

J

In equation 1, @ is person ability, o; is the item-slope parameter, and dj; (1, ..., M) is the location
parameter. This means that each item is modeled by one common discrimination parameter and M
location parameters. The location parameters dj shows where on the ability scale the probability of
score X (1, ..., M) or higher is equal to .50. Because item-step response functions are defined by two
parameters, the model is a generalized two parametric logistic model (Embretson & Reise, 2000;
Hambleton et al., 2011).

R software was employed to generate simulated data. By using the “catIRT” package (Nydick, 2015)
in the R software, data sets that fit for the GRM are produced. Regardless of NIRT analysis (especially
for N-PFS), the main reason data are generated based on GRM is that GRM is a special form of the
MHM, and data that fit to GRM also fit to the MHM (Emons, 2008; Sijtsma, Emons, Bouwmeester,
Nyklicek & Roorda, 2008). In addition, the “fungible” package (Waller & Jones, 2016) was used to
generate skewed ability distributions. To compute I,°, one needs estimates of 4, which can be obtained
using weighted maximum likelihood estimation method (WML) (Wang, 2001; Warm, 1989).
Dedicated algorithms in R programming language were used for WML estimation. Accompanying R
code was obtained from Emons and are available upon request.

Design factors
In this study, simulations were done as follows:

1. Data were generated under the null model according to GRM using the test conditions
envisaged.

2. According to the aim of the research, data were manipulated to mimic aberrant response
behavior.

3. Extreme scores when respondents choose the same extreme response options were
excluded from the analyses (e.g., strongly agree or strongly disagree) for all items. That is
because Emons (2008) emphasized, extreme scores do not provide adequate information
for person-fit analyses.

4. Abilities were estimated using WML estimation. While estimating the abilities, true item
parameters for generating the data were used.

5. PFS were computed to detect aberrancy in different conditions with “perfit package”
developed by Tendeiro (2016) in R.

Test conditions are the independent variables of the study. Test conditions included different levels of
sample size (100, 250, 500, and 1,000), different shapes for the distribution of person ability (normal,
positively skewed, and negatively skewed), different levels of test length (J = 10 and J = 30 items),
and two levels of aberrancy (low and high). For low level of aberrancy, 20% of respondents showed
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aberrant response behavior on half of the items; and for high level of aberrancy, 30% of respondents
showed aberrant response behavior on all items.

Table 2 shows the descriptive statistics of the simulated ability distribution. For all ability distributions,
mean approximately equals zero and standard deviation equals one. Inspection of skewness
coefficients shows that under the normal distribution, these coefficients were very close to zero,
between of 0.54 to 0.61 for positively skewed distribution, and between of -0.58 to -0.55 for negatively
skewed distribution.

Table 2. Descriptive Statistics for Ability Distributions
Mean Sd Median Mad Min. Max. Range Skewness Kurtosis Se

Normal

100 -0.03 0.87 -0.11 0.84 -2.15 2.07 4.22 0.17 -0.10 0.09
250 -0.01 0.94 -0.07 0.94 -2.99 2.13 5.12 0.01 -0.32 0.06
500 -0.02 0.95 -0.03 0.90 -2.99 2.67 5.65 -0.03 0.02 0.04
1,000 -0.03 0.96 -0.04 0.89 -3.05 3.11 6.15 0.02 0.10 0.03
Positively Skewed

100 0.00 1.00 -0.10 0.99 -1.81 291 4.72 0.54 0.06 0.10
250 0.00 1.00 -0.11 1.00 -1.90 3.41 5.31 0.58 0.19 0.06
500 0.00 1.00 -0.10 1.00 -1.94 3.7 5.64 0.59 0.24 0.04
1,000 0.00 1.00 -0.11 1.00 -1.97 4.04 6.01 0.61 0.31 0.03
Negatively Skewed

100 0.00 1.00 0.10 0.99 -2.89 1.81 4.70 -0.55 0.01 0.10
250 0.00 1.00 0.10 1.00 -3.34 1.91 5.25 -0.55 0.12 0.06
500 0.00 1.00 0.11 1.00 -3.64 1.95 5.59 -0.57 0.18 0.04
1,000 0.00 1.00 0.11 1.00 -3.96 1.98 5.94 -0.58 0.24 0.03

Sd: Standard deviation, Mad: Median absolute deviation, Min: Minimum, Max: Maximum, Se: Standard error of mean

To generate item responses under the GRM, the a parameters were chosen between 1.50 and 2.00 and
b parameters were, consistent with the literature, drawn from the uniform distribution in between -2.00
and 1.50 (Bahry, 2012; Cohen, Kim, & Baker, 1993; DeMars, 2002; Jiang, Wang & Weiss, 2016; Syu,
2013). Table 3 shows the item parameters for the 10 items and 30 items test.

Table 3. Item Parameters

Item a bl b2 b3 b4 Item a bl b2 b3 b4
1 1.96 -1.40 -0.79 0.51 1.51 6 1.71 -1.01 0.33 1.49 2.65
2 1.73 -1.80 -0.66 0.63 1.39 7 1.67 -1.18 -0.24 0.37 0.99
J=10 3 1.96 -1.03 -0.02 0.83 1.82 8 1.88 -1.75 -0.28 0.37 1.38
4 1.63 -1.35 -0.14 0.42 1.03 9 1.92 -1.31 -0.67 0.76 1.56
5 1.67 -1.63 -0.27 0.80 1.81 10 1.51 -1.17 0.11 1.08 2.34
Item a bl b2 b3 b4 Item a bl b2 b3 b4
1 1.81 -1.40 -0.40 0.42 1.82 16 1.53 -1.16 -0.23 0.93 1.95
2 1.65 -1.80 -1.05 0.45 0.96 17 1.61 -1.55 -0.72 0.04 1.49
3 1.67 -1.03 -0.04 0.96 1.59 18 1.78 -1.04 0.22 0.95 2.36
4 1.56 -1.35 -0.73 0.49 1.08 19 1.95 -1.86 -0.51 0.08 1.24
5 1.64 -1.63 -0.62 0.81 2.25 20 1.82 -1.22 -0.71 0.53 1.35
6 1.55 -1.01 0.15 1.59 2.23 21 1.53 -1.20 -0.03 1.11 1.80
7 1.55 -1.18 -0.56 0.71 1.97 22 1.67 -1.21 0.01 1.40 2.78
J=30 8 1.63 -1.75 -0.73 0.10 0.88 23 1.52 -1.64 -0.37 0.89 1.63
9 1.53 -1.31 -0.51 0.82 2.15 24 1.75 -1.94 -0.50 0.83 147
10 1.80 -1.17 0.09 1.50 2.16 25 1.55 -1.43 -0.69 0.81 2.01
11 1.56 -1.90 -0.48 0.70 1.95 26 1.71 -1.34 0.07 1.48 2.68
12 1.75 -1.35 -0.40 0.78 2.14 27 1.65 -1.89 -0.77 -0.10 1.27
13 1.68 -1.49 -0.07 0.83 2.18 28 1.93 -1.85 -0.58 0.78 1.84
14 1.89 -1.29 -0.53 0.65 1.25 29 1.76 -1.07 0.25 1.11 2.07
15 1.85 -1.14 -0.29 1.06 1.96 30 1.83 -1.52 -0.75 0.55 157
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Baker (2001) suggested the following guidelines for interpreting a coefficients: 0 none, 0.01-0.34 very
low, 0.35-0.64 low, 0.65-1.34 moderate, 1.35-1.69 high, > 1.70 very high, and o (+ infinity) perfect.
Hence, the tests in this study consisted of relatively high discriminating items, but these values are
unrealistic in practice. Previous studies convincingly showed that the power of PES relates to the items’
discrimination power (Emons, 2008; Meijer, Molenaar, & Sijtsma, 1994; Meijer & Sijtsma, 2001).
Higher discrimination power may produce a higher detection rate (Emons, 2008).

There are many kinds of aberrant behavior that may affect test results. One of them is careless and
inattention. In some test applications, individuals answer items randomly because they are careless, or
a random pattern emerges due to misreading or not reading the questions, or due to alignments errors
(Emons, 2008). Randomness-like response behaviors from important types of aberrant behavior
(Conijn et al. 2015) and will be the subject of this study. To accomplish this goal, aberrant item
response vectors were created by simulating random scores from the uniform distribution similar to
Emons’s (2008) study.

The selected test conditions are based on the literature (Lee, 2007; Lee, Wollack & Douglas, 2009;
Liang, Wells & Hambleton, 2014; Ramsay, 1991; Syu, 2013). In particular, variation in the shape of
ability distribution, small sample sizes and short tests are often seen in classroom measurement
applications. One condition nevertheless consisted of a large sample size (1,000). This condition was
chosen to see how PFS function in large samples and can be seen as a benchmark for the other results.

Data were generated using a fully factorial design including 4 (sample size) x 3 (ability distribution)
x 2 (test length) x 2 (aberrancy levels) = 48 conditions. In total 100 replications were obtained for each
test condition, thus in total 4800 data sets were simulated.

Data Analysis

Empirical Type | error rates and detection rates (power) are the dependent variables of the study. For
each PFS (I,°, U3P, G\P and GP), the empirical Type | error rates and detection rates were evaluated at
four the theoretical Type I error rates (nominal significance levels) (o = .01, a =.05, o =.10 and a =
.20). Empirical Type | error rate is the observed proportion of non-aberrant persons identified as
aberrant. Also, the detection rate is the proportion of aberrant persons correctly identified as aberrant
(Voncken, 2014).

The theoretical Type | error rates which were chose in the study determined from the literature view
results. It is stated in the literature that large alpha levels (e.g., .05, .10 and .20) are preferable because
PFS have relatively low power detect aberrancy for small test lengths and low alpha levels (Emons,
2008; Emons, Glas, Meijer & Sijtsma, 2003; Meijer, 2003; Spoden, 2014; Voncken, 2014).

To decide whether a pattern shows significant misfit, one needs to have critical values. Certain rules
are followed in the calculation of critical values for the PFS. In particular, the critical values for
parametric |,” is determined, as in Voncken’s (2014) study, to be -2.32, -1.645, -1.28, and -0.84. These
are critical values from the standard normal distribution for alphas of .01, .05, .10 and .20 (one-tailed
tests). Because N-PFS lack theoretical distributions, the critical values have to be determined
differently. This study uses critical values of N-PFS that were determined automatically by perfit
package in a pilot study. These cut-off values were fixed for every simulation and replication.
Researchers are strongly recommended to fix the cut-off score with the command set.seed () before
identifying individuals with aberrant item patterns according to the cut-off score in the relevant
package (Meijer, Niessen & Tendeiro, 2016; Tendeiro, 2016). Otherwise, different critical values with
small differences are reached in each calculation.

RESULTS

There are two levels of aberrancy in this study. PFS analysis results are given in Table 4 to Table 9.
Table 4 gives the findings for normally distributed ability for 10 items.
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Table 4. Detection Rates for Normal Distributed Sample for 10 Items with Low and High Aberrancy
Level

PFS Low Aberrancy High Aberrancy
Nominal Significance Levels and Detection Rates Nominal Significance Levels and Detection Rates
01 D.R. 05 D.R. .10 D.R. .20 D.R. 01l DR. 05 D.R. .10 D.R. .20 D.R.
N =100
1P .03 .05 .03 .10 .04 .10 .08 .35 .00 .10 .00 .30 .00 .43 .03 .60
usr .01 .05 .04 .10 .04 .30 21 .70 .00 .10 .01 .40 .01 57 .07 .67
G .01 .05 .03 .10 .05 .30 18 .65 .00 .13 .00 .40 .01 .53 .07 .67
GP 01 .05 .03 .15 .08 .35 16 .75 .00 .17 .00 .37 .01 .50 07 77
N =250
1P .00 .18 .02 .32 .02 .40 .07 .48 .00 .17 .01 .33 01 .44 .01 .67
usr 01 .04 .03 .42 .06 .52 16 .64 01 11 .01 .33 .03 .49 .05 71
G .01 .08 .03 .42 .08 .56 16 .66 .01 .13 01 .35 .02 .52 .05 .72
GP .00 .18 .03 .48 .05 .52 12 .70 .00 .13 .00 .37 .02 55 .04 77
N =500
I 00 .11 .03 .20 .04 .30 A1 .42 .00 .15 .00 .34 01 47 .02 .63
usr .02 .04 .06 .27 .08 .40 17 .60 .01 .12 .03 .38 .04 54 .09 .75
G .02 11 .06 .28 .08 .43 14 .58 .01 12 .03 .35 .03 .52 07 .72
GP 01 14 .04 34 .06 .49 14 69 .00 .17 01 41 .02 59 .07 .75
N =1000
1P .01 .09 .02 .18 .04 .30 .09 .40 .00 .12 .00 .33 .01 .44 .02 .62
U3 .01 .08 .05 .23 .09 .34 14 52 01 .12 .02 .35 .04 49 .08 .65
G 02 11 .05 .25 .09 .35 15 .56 01 11 .03 .35 .04 49 .07 .63
GP 01 .15 .03 .28 .07 45 13 61 .00 .14 .00 .37 .02 52 06 .71

Note. The bolded detection rates denote the conditions in which PFS perform best. D.R.: Detection rates. N: Sample size

Inspection of Table 4 shows that as sample size increased, the detection rate increased in many test
conditions. Almost all conditions, detection rates increased with increasing aberrancy levels. In
general, GP showed best performance to detect aberrancy. In addition to these findings, it is found that
nonparametric U3P and G\P statistics are very close to each other. When empirical Type | error rates
are examined, it is seen that these values exceed their nominal levels especially for low aberrancy level
at a = .01 and o = .05. Also, empirical Type I error rates are smaller than their nominal levels in all
conditions for high aberrancy level except for oo = .01. It can be seen that as increased of aberrancy,
empirical Type | error rates decreased.

Table 5 gives the findings for positively skewed ability distribution for 10 items. Table 5 shows
empirical Type | error rates and detection rates for PFS for positive distributed ability, for different
sample sizes and low and high aberrancy levels. As expected, it is seen that as the Type I error rates
increased, the detection rate increased. It is seen that as sample size increased, the detection rate
increased in many test conditions for high aberrancy level. Almost all conditions detection rates
increased according to the aberrancy level. In general, G showed best performance to detect
aberrancy. In addition to these findings, it is found that nonparametric U3P and G\P statistics are very
close to each other. When empirical Type | error rates are examined, it is seen that these values are
smaller than their nominal levels both low and high aberrancy except for oo = .01. Empirical Type |
error rates are equal to or smaller than their nominal level for o = .01. It can be seen that as increased
of aberrancy, empirical Type | error rates decreased.

Table 6 gives the findings for negatively skewed distribution for 10 items. Table 6 shows the detection
rates for negatively distributed ability, for different sample sizes and low and high aberrancy. It is seen
that as the nominal significance level increased, the detection rates increased almost all test conditions.
In general, as sample size increased, the detection rates increased. However, detection rates of I,°
decreased dramatically for large sample in low aberrancy level when a =.05. Detection rates increased
according to the aberrancy level in all test conditions. In general, GP showed best performance to detect
aberrancy. In addition to these findings, it is found that nonparametric U3P and G\P statistics are very
close to each other. When empirical Type | error rates are examined, in general, these values are
smaller than their nominal levels both low and high aberrancy except for o =.01. Also, empirical Type
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I error rates are equal to or smaller than their nominal o = .01. It can be seen that as increased of
aberrancy, empirical Type | error rates decreased.

Table 5. Detection Rates for Positively Skewed Distributed Sample for 10 Items with Low and High
Aberrancy Level

PFS Low Aberrancy High Aberrancy
Nominal Significance Levels and Detection Rates Nominal Significance Levels and Detection Rates
0l DR. .05 D.R. .10 D.R. .20 D.R. 01l DR 05 DR. .10 D.R. .20 D.R.
N =100
I .00 .07 01 .19 .03 .29 07 42 00 .11 .00 .28 01 41 .03 .57
us .01 .07 04 24 .08 .38 16 .59 .00 .09 .02 .30 .04 .46 .09 .66
G .01 .08 .03 .26 07 41 15 .60 .00 .10 .02 .30 .03 .47 .08 .67
GP 00 .12 02 31 .06 .46 14 64 00 .12 01 .34 .02 53 06 .71
N =250
I .00 .07 01 .20 .03 .30 .07 45 .00 .14 .00 .31 .01 .43 .02 .60
usr .01 .07 .04 .28 .08 .43 16 .61 00 .11 .02 .33 .04 .50 .08 .69
G .01 .09 .04 .30 07 45 16 .62 00 .11 .02 .33 .03 .50 .08 .70
GP .00 .14 02 35 .06 .49 14 .66 .00 .14 .00 .39 .01 54 .05 .73
N =500
I .00 .07 01 .20 .03 .30 .07 44 .00 .14 .00 .32 .01 .45 .02 61
usr .01 .08 .04 .28 .08 .42 16 .61 01 .12 .02 .35 .03 51 .08 .70
Gw .01 .10 .04 .30 .08 .45 16 .62 .00 .12 .02 .35 .03 51 .08 .69
GP 00 .14 03 .34 .06 .49 14 .66 .00 .15 .00 .39 .01 .54 .05 .73
N =1 000
I .00 .08 01 .20 .03 .30 .07 45 .00 .14 .00 .33 .01 45 .02 .61
us¥ .01 .08 04 .29 .08 .44 17 61 01 .13 .02 .36 .04 52 09 71
Gw .01 11 04 31 .08 .46 .16 .63 .01 .13 .02 .36 .03 .52 .08 .71
GP .00 .15 03 .36 06 .49 14 .66 00 .17 .01 .40 .02 56 05 .74

Note. The bolded detection rates denote the conditions in which PFS perform best. D.R.: Detection rates. N: Sample size

Table 6. Detection Rates for Negatively Skewed Distributed Sample for 10 Items with Low and High
Aberrancy Level

PFS Low Aberrancy High Aberrancy
Nominal Significance Levels and Detection Rates Nominal Significance Levels and Detection Rates
01 DR. 05 D.R. .10 D.R. .20 D.R. 0l DR. 05 D.R. .10 D.R. .20 D.R.
N =100
1P .00 .07 .01 .20 .03 .29 .07 .45 .00 .12 .00 .28 01 41 .02 .58
U3 .01 .07 .04 24 .08 .40 16 .56 .01 .09 .02 .30 .04 48 .09 .67
Gy .01 .08 .04 .26 .07 42 15 .58 .00 .09 .02 31 .04 47 .08 .67
GP .00 .13 .02 .33 .05 46 A3 64 .00 .13 .01 .36 .02 52 06 .72
N =250
I .00 .07 01 .20 .03 .30 .07 45 .00 .14 00 .31 01 44 .02 .60
usr .01 .07 .04 .28 .08 .43 16 .61 .01 .10 .02 .33 .04 .50 .08 .70
Gy .01 .10 .04 .30 07 44 16 .62 01 11 .02 .33 .03 .50 .08 .70
GP .00 .15 .03 .34 .06 .48 14 .66 .00 .15 01 .38 .02 55 .05 .73
N =500
1P .00 .08 .01 .20 .03 .30 07 44 .00 .14 .00 .32 .01 45 .02 .61
U3 .01 .08 .05 .27 .08 42 A7 .60 .01 12 .02 .36 .04 52 .08 .70
Gy .01 .10 .04 .30 .08 .44 A7 .62 01 12 .02 .36 .04 52 .08 .70
GP 01 .14 .03 34 .06 .48 14 .65 .00 .16 .01 .40 .02 55 06 .73
N =1 000
1P .00 .08 .00 .08 .03 .30 07 44 .00 .14 .00 .33 .01 45 .02 .61
U3 .01 .07 .05 .29 .09 43 A7 .61 01 12 .02 .37 .04 53 09 71
Gy .01 .10 .04 31 .08 45 A7 .62 .01 .13 .02 .36 .04 52 .08 .71
GP .00 .15 .03 .35 .06 .49 14 65 .00 .17 .01 .40 .02 56 06 .74

Note. The bolded detection rates denote the conditions in which PFS perform best. D.R.: Detection rates. N: Sample size

Table 7 gives the findings for normally distributed ability for 30 items. Table 7 shows the detection
rates for normally distributed ability, for different sample sizes and aberrancy levels. As expected, it
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is seen that as the nominal significance levels increased, the detection rates increased as well. There is
no specific trend regarding the effect of sample size on the detection rates. However, when all test
conditions are examined, the highest detection rates were observed in the largest sample. For I,°,
detection rates increased with increasing aberrancy levels at all nominal significance levels. In general,
GP showed best performance to detect aberrancy in low aberrancy level, while I,° showed best
performance to detect aberrancy in high aberrancy level. In addition to these findings, it is found that
nonparametric U3® and G\P statistics were very close to each other. When empirical Type | error rates
are examined, it is seen that these values never exceed their nominal levels in all test conditions.
Empirical Type I error rates are smaller than or equal to their nominal o = .01 for low aberrancy. Also,
all empirical Type | error rates are smaller than their nominal levels for high aberrancy. It can be seen
that as increased of aberrancy, empirical Type | error rates decreased.

Table 7. Detection Rates for Normal Distributed Sample for 30 Items with Low and High Aberrancy
Level

PFS Low Aberrancy High Aberrancy
Nominal Significance Levels and Detection Rates Nominal Significance Levels and Detection Rates
01 D.R. 05 DR. .10 DR. .20 D.R. 01 DR. 05 DR. .10 D.R. .20 D.R.
N =100
1P .00 .25 .03 .45 .05 .55 A1 .75 .00 .53 .00 .77 .03 .83 .04 .93
usr .00 .15 .04 .40 .05 .70 10 .80 .00 .07 .00 .40 .00 .70 .04 .87
Gw .00 .15 .04 .35 .05 .70 A1 .75 .00 .07 .00 .33 .00 .70 .04 .87
GP .00 .25 .00 .40 .05 .65 .06 .80 .00 .07 .00 .27 .00 .67 .00 .90
N =250
IP .00 .26 02 .46 .05 .58 .08 .68 .00 .56 .00 .75 .00 .85 .00 .92
usr .00 .18 02 .36 .05 .48 10 .76 .00 .16 .00 .56 .00 .76 .03 .95
Gw .00 .18 01 .36 .04 .48 A1 74 .00 .12 .00 51 .00 .77 .03 .92
GP .00 .20 01 .44 01 .62 .07 .84 .00 .15 .00 .52 .00 .75 01 .93
N =500
1P 01 .19 02 44 .03 .55 .07 .70 .00 55 .00 .77 .00 .85 01 .94
usr .01 .16 02 47 .06 .57 10 .77 .00 .07 .00 .50 .01 .69 .02 .90
G .01 .16 .02 .48 .06 .60 12 .75 .00 .07 .01 .46 .01 .69 .02 .87
GP .00 .26 01 49 .03 .65 .09 .85 .00 .13 .00 51 .00 .76 01 91
N =1 000
I .00 .28 .01 .50 02 .64 .05 .76 .00 .61 .00 .78 .00 .87 .00 .95
usr .01 .23 02 .49 04 .64 .09 .82 .00 .42 .00 .63 .01 .75 01 91
Gvw .01 .30 .02 .50 .04 .65 10 .83 .00 .42 .00 .62 .01 .75 01 .92
GP 00 .31 01 59 02 .74 .06 .88 00 41 .00 .63 .00 .77 .00 .92

Note. The bolded detection rates denote the conditions in which PFS perform best. D.R.: Detection rates. N: Sample size

Table 8 gives the findings for positively skewed ability distribution for 30 items. Table 8 shows the
detection rates for PFS for positively skewed distributed ability for different sample sizes, low and
high aberrancy. In general, detection rates increased with increasing aberrancy levels. However, for
N-PFS results show higher detection rates for low aberrancy level than for high aberrancy level. This
result is seen in test conditions which are consist for sample size 100 and at o = .01 and o= .05 nominal
levels, for sample size 250 at a = .01 nominal level. Statistic G” showed best performance to detect
aberrancy at low aberrancy levels except for sample size 100 at a.= .01 and a = .05 nominal levels,
and for sample size 250 at a = .01 nominal level. It is seen that I,” showed best performance to detect
aberrancy for all sample sizes and all Type | error rates in high aberrancy level. In addition to these
findings, it is found that detection rates for nonparametric U3° and G\P statistics were very close to
each other. When empirical Type | error rates are examined, it is seen that these values were not exceed
their nominal levels in most of test conditions. Only for U3, empirical Type | error rate was equal to
its a = .01 nominal level for large sample and low aberrancy. Also, it is found that all empirical Type
| error rates are smaller than their nominal levels for high aberrancy.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 356



Sengiil-Avsar, A./ Comparison of Person-Fit Statistics for Polytomous Items in Different Test Conditions

Table 8. Detection Rates for Positively Skewed Distributed Data for 30 Items with Low and High
Aberrancy Level

PFS Low Aberrancy High Aberrancy
Nominal Significance Levels and Detection Rates Nominal Significance Levels and Detection Rates
01l DR. 05 DR. .10 D.R. .20 D.R. 0l DR 05 DR. .10 D.R. 20 D.R.
N =100
I .00 .27 01 .49 .02 .62 .06 .74 .00 .51 .00 .74 .00 .84 01 91
usr .00 .12 01 .38 .03 .59 .08 .78 00 .11 .00 .38 .00 .60 .01 .86
G .00 .12 01 .39 .03 .58 .08 .78 .00 .10 .00 .36 .00 .60 .01 .86
GP .00 .15 00 .44 01 .64 .06 .84 00 .11 .00 .37 .00 .61 .00 .87
N =250
I .00 .29 01 .49 .02 .62 .05 .76 .00 .57 .00 .79 .00 .87 .00 .94
usr .00 .19 .02 47 .04 .65 .09 .82 .00 .19 .00 51 .00 .72 .01 .89
G .00 .20 01 47 .03 .64 .09 .82 .00 .18 .00 .50 .00 .71 01 .89
GP .00 .23 .00 .53 02 .70 .06 .87 .00 .20 .00 .52 .00 .72 .00 .91
N =500
I .00 .28 .01 50 .02 .62 .06 .75 .00 .59 .00 .80 .00 .88 .00 .94
U3 .00 .23 .02 .52 .04 .67 10 .82 .00 .28 .00 .60 .00 .78 .02 91
G .00 .25 .02 .52 .04 .66 .09 .81 .00 .27 .00 .59 .00 .77 .02 .91
GP .00 .30 .01 .58 02 .73 .07 .87 .00 .28 .00 .60 .00 .78 .00 .92
N = 1,000
I .00 .29 .01 50 02 61 .05 .76 .00 .60 .00 .81 .00 .89 .00 .95
us .01 .27 .02 55 .04 .68 10 .82 00 .31 .00 .64 .01 .80 .02 .92
G .00 .29 .02 55 .04 .68 10 .82 .00 .30 .00 .62 .01 .78 02 .92
GP 00 .34 01 .60 02 .74 .07 .87 .00 .32 .00 .63 .00 .80 .00 .93

Note. The bolded detection rates denote the conditions in which PFS perform best. D.R.: Detection rates. N: Sample size

Table 9 gives the findings for negatively skewed distribution for 30 items. Table 9 shows the detection
rates for PFS for negatively skewed distributed ability, for different sample sizes and for low and high
aberrancy levels.

Table 9. Detection Rates for Negatively Skewed Distributed Data for 30 Items with Low and High
Aberrancy Level

PFS Low Aberrancy High Aberrancy
Nominal Significance Levels and Detection Rates Nominal Significance Levels and Detection Rates
01l DR. 05 D.R. .10 D.R. .20 D.R. 01 DR 05 DR. .10 D.R. .20 D.R.
N =100
I .00 .27 .01 .48 .02 .60 .06 .72 .00 .54 .00 .77 .00 .85 .01 .93
usr .00 .12 01 .38 .03 .58 .09 .77 00 .11 .00 .38 .01 .62 .01 .87
G .00 .12 01 .38 .03 .58 .08 .78 00 .11 .00 .38 .00 .62 .01 .87
GP .00 .13 .00 .43 01 .64 .06 .83 .00 .12 .00 .40 .00 .64 .00 .88
N =250
I .00 .29 01 51 .02 .63 .06 .76 .00 .58 .00 .80 .00 .88 .00 .94
us® .01 .16 .02 .46 .04 .64 .09 81 .00 .20 .00 .54 .01 .73 .02 .90
G .00 .17 02 .46 .04 .63 .09 .80 .00 .19 .00 .52 .01 .72 .02 .90
GP .00 .25 01 54 02 .70 .06 .86 .00 .22 .00 .55 .00 .75 00 91
N =500
I .00 .29 .01 50 02 .62 .06 .75 .00 .60 .00 .81 .00 .89 .00 .95
us¥ .01 .23 .02 51 .04 .66 .09 .82 .00 .27 .00 .61 .01 .79 .02 .92
Gy 01 .23 .02 .50 .04 .65 10 .81 .00 .26 .01 .60 .01 .78 02 91
GP .00 .30 01 .58 02 .73 .07 .86 .00 .30 .00 .62 .00 .79 .00 .92
N =1 000
I .00 .29 .01 50 02 .62 .06 .76 .00 .61 .00 .82 .00 .90 .00 .95
usr 01 .25 02 54 .05 .68 10 .82 .00 .32 .00 .65 .01 .81 .02 .93
G .01 .26 .02 53 .05 .67 10 .81 .00 .30 .01 .64 .01 .80 02 .92
GP 00 .34 01 .61 02 74 .07 .87 00 .34 .00 .66 .00 .81 .00 .93

Note. The bolded detection rates denote the conditions in which PFS perform best. D.R.: Detection rates. N: Sample size
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Inspection of Table 9 shows that as expected, as the nominal significance levels increased, the
detection rates increased as well. It is also seen in almost all conditions of low aberrancy that as sample
size increased, the detection rate increased. Although, it is seen that as sample size increased, the
detection rate increased in high aberrancy level for all samples. In general, detection rates increased
according to the aberrancy level except for a = .01 and a = .05 for N-PFS. Broadly speaking, across
all conditions, GP showed best performance to detect aberrancy at low aberrancy level while I,” showed
best performance to detect aberrancy at high aberrancy level. In addition to these findings, it is found
that the detection rates of nonparametric U3P and GyP statistics were very close to each other. When
empirical Type | error rates are examined, it is seen that these values did not exceed their nominal
levels in high aberrancy. However, empirical Type | error rates are smaller than or equal to their
nominal a = .01 for low aberrancy. It can be seen that as increased of aberrancy, empirical Type I error
rates decreased.

DISCUSSION and CONCLUSION

The general purpose of the study is to examine the effectiveness of parametric and nonparametric PFS
in data sets which consist of polytomous items. According to this aim, data simulated in different test
conditions and these data sets were analyzed.

The results confirmed several important effects of significance level, sample size, ability distribution,
and aberrance level. As expected, the detection rates increased with increasing nominal significance
levels (the theoretical Type I error rates) in all test conditions. Moreover, it is seen that detection rates
increased as the number of misfitting item score vector and number of misfitting items increased.
Simulation results suggest that the shape of sample distributions has little effect on the detection of
aberrancy. So, it can be said that shape of ability distribution (determined in this study's test conditions)
is an unimportant factor for the effectiveness of PFS.

In general, sample size affected detection rates. In most of test conditions, it is seen that as sample size
increased, detection rates increased. However, this result conflicts with Syu (2013), who studied with
parametric |.,” and nonparametric G and U3P. Syu (2013) only found small differences in the detection
rates across sample sizes for specific PFS. In addition to this finding, Syu (2013) stated that findings
are tentative because sample size is too small for providing sufficient calculations for PFS.

It is seen that in general, empirical Type | error rates smaller than their nominal levels (the theoretical
Type | error rates). However, in all shapes of ability distributions for 10 and 30 items, empirical Type
I error rates are equal to or smaller than their nominal level at o = .01. Except of this conclusion, it is
seen that for normally distributed sample for 10 items, empirical Type | error rates exceed its nominal
level at o = .01. In Voncken’s (2014) study, detection rates were determined for binary items. In that
study it is found that I,*’s empirical Type | rate exceeds its nominal level at a = .01. Also, it is seen
that as increased of aberrancy, empirical Type | error rates decreased. These findings are consistent
with Voncken (2014).

To summarize, as expected, as the nominal significance level was set higher, tests were longer, and
amount of the aberrant proportions increased, the detection rates increased as well. These findings are
consistent with other person-fit studies (Emons, 2008; Karabatsos, 2003; Meijer & Sijtsma, 2001;
Voncken, 2014).

A comparison of the effectiveness of the different PFS showed the following important trends. It is
seen that detection rates were very close to each other for P-PFS and N-PFS (especially U3" and G\P).
However, in general, GP was the most effective in detecting aberrant individuals and even performed
better than I,°. These results are consistent with Emons (2008) and Syu (2013). They compared same
PFS as used in this study in different test conditions. Like in this study, in their studies GP showed best
performance to detect aberrancy. In Syu’s (2013) study it’s also stated that for small sample sizes N-
PFS perform better than P-PFS.

It is found that for all test conditions detection rates were sufficiently high except at o =.01. Detection
rates got their maximum value at o= .20. PFS may have very low detection rates at small significance
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levels of o = .01, which questions their effectiveness at these significance levels. These findings are
consistent with literature. Therefore, it is suggested that researchers should choose liberal significance
levels (i.e., a =.20) to reach some power in detecting aberrancy (Emons, 2008; Meijer, 2003; Voncken,
2014).

Based on the result, the following general conclusions about the suitability of different statistics can
be drawn. Results also showed that for detecting careless and inattention aberrant behavior long tests
are more useful than small tests. However, long tests are not always feasible in practice. This renders
PIRT models less useful in many applications because they require large sample sizes and sufficiently
longer tests to obtain accurate estimates of the item parameters. NIRT models, and accompanying N-
PFS do not suffer from these problems as they use observed group statistics and therefore are
particularly useful in small samples and short tests (Junker & Sijtsma, 2001; Meijer, 2004; Molenaar,
2001). When PIRT and NIRT models are compared, NIRT models are less restrictive. The main
difference between these models is about item characteristic curves. In PIRT model, these curves
which are logistic or normal ogive are determined postulated parametric model (Lee et al., 2009;
Sodano & Tracey, 2011). However, in NIRT models these curves do not require any parametric forms,
especially MHM assumes only that monotony nondecreasing 6 (Lee et al., 2009; Sijtsma & Molenaar,
2002). And so, it can be said that NIRT models are more flexible than PIRT models.

It must be emphasized that in practice if researchers want to study aberrant response behavior with N-
PFS, researcher should investigate MHM assumptions. MHM can fit with skewed data (Sengiil Avsar
& Tavsancil, 2017). MHM is an appropriate model for small samples (Junker & Sijtsma, 2001;
Molenaar, 2001). These are MHM’s important advantages to their parametric counterparts. Of course,
if researchers want to study response aberrancy with P-PFS, they should demonstrate fit of the data
with the parametric model assumptions. In general, if data do not fit PIRT models, researchers often
can use NIRT models and N-PFS for detecting aberrant individuals.

An assumption was that all individuals answered all items in this study. In other words, there were no
missing data in data sets. Missing data effects on PFS and missing data handling methods for best
recovery PFS can be investigated. Apart from the test conditions determined in the study, the
effectiveness of PFS can be determined by simulating different test conditions. Also, PFS which were
used in this study can compared with real data applications.
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Birey Uyum istatistiklerinin Farkh Test Kosullarinda Cok
Kategorili Puanlanan Maddeler icin Karsilastirilmasi

Girig

Psikolojik 6lgme araglari, bireyler hakkinda karar vermede ve bireylerin 6grenme problemleri,
gelisimsel problemleri ve psikolojik bozukluklarinin tanimlanmasi gibi amaglarla kullanirlar.
Ozellikle psikolojik tan1 ve tedavilerde bireysel test puanlarina odaklanilacagi agiktir (Emons, 2003,
2009). Bu nedenle bireysel test puanlarmin gegerligi egitimde ve psikolojik degerlendirmelerde
aragtirilmasi gereken énemli bir konudur.

Ornegin bir birey sinavda kaygili olmasindan dolay1 sinavdaki kolay maddelere yanlis cevap verebilir.
Bu durum kisinin yeteneginin, gergcek yeteneginin altinda kestirilmesine neden olabilmektedir. Bir
bagka ornek ise diisiik yetenekli bireylerin etraflarinda bulunan yiiksek yetenekli bireylerden kopya
cekme durumlaridir. Bu durumda bireyin yetenegi, gercek yeteneginin iistiinde kestirilir. Motivasyon
eksikligine dayali olarak testin ciddiye alinmamasi, biligsel testlerde konsantrasyon problemleri,
kisilik testlerinde sahte yanit verme durumlart normal olmayan madde puanlarina kaynaklik
etmektedir. Tiim bunlarin sonucunda bireylerin yetenegiyle ilgili yapilan kestirimlerin hatali olacagi
aciktir (Emons, 2003, 2008; Sijtsma & Molenaar, 2002).

Uyumsuz madde puanlar bireylerin puanlarini arttirarak bireyin yeteneginin gergek yetenegi iizerinde
kestirilmesine neden olabilecegi gibi uyumsuz madde puanlart bireylerin puanlarini azaltarak bireyin
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yeteneginin gergek yetenegi altinda kestirilmesine neden olabilir. Buna gore kopya ¢ekenler ya da sans
basaris1 yiiksek olan sansli yanitlayicilarin puanlart yapay olarak yiksek Kestirilirken, test
uygulamasinin basinda kaygili, testi sonuna kadar yanitlamayan, ya da dil problemi olan bireylerin
puanlar gercekte oldugundan yapay olarak diisiik kestirilir (Meijer, 1996). Ayrica bazen madde igerigi
ile ilgili bilgisi olmayan, maddeleri kendilerine gére yorumlayan, yanitlarini yanlis kodlayan (kodlama
sirasinda kaydirma yapan) bireyler de uyumsuz madde puan oriintiilerine sahip olacaklardir. Bu
bireyler i¢in kestirilen puanlar, gergekte oldugundan daha yiiksek veya diisiik olabilir (Meijer, 1996).
Biitiin bu durumlarda bireylerin dogru degerlendirilemeyecekleri agiktir. Bu nedenle test sonuglarina
gore bireyler hakkinda dogru kararlar verebilmek i¢in bireysel madde puan Oriintiilerinin gegerligini
degerlendirmek 6nem tagimaktadir.

Birey uyum analizlerinin amaci segilen/Onerilen 6l¢gme modeline gore bireysel test puanlarinin uyum
gosterip gostermedigini belirlemek ve bireysel test puan vektorlerini tanimlamaktadir (Meijer &
Sijtsma, 2001). Bu amag icin birey uyum istatistikleri (BUI) kullanilir. BUI’ler bireylerin test
maddelerine verdikleri yanitlardan beklenmedik test performansini ortaya ¢ikarir (Meijer & Sijtsma,
2001). BUI’ler bireyler hakkinda énemli kararlar vermede gegersiz puanlari ortaya ¢ikararak daha
gecerli sonuglara ulagilmasinda 6nemli rol oynarlar (Emons, 2008).

BUI’ler genellikle parametrik ve parametrik olmayan istatistikler olacak sekilde iki kategoride
incelenmektedir (Karabatsos, 2003; Mousavi, Tendeiro, & Younesi, 2016). Parametrik BUI’ler (P-
BUI) parametrik madde tepki kuramima (PMTK), parametrik olmayan BUI’ler (PO-BUI) parametrik
olmayan madde tepki kuramina (POMTK) dayalidir (Karabatsos, 2003). P-BUI ve PO-BUI arasindaki
temel fark, dayandiklar1 madde tepki kuramidir. POMTK modellerinin getirdigi birtakim avantajlar,
PO-BUl’lere de yansimaktadir. PO-BUI’ler icin verinin POMTK modeline uyum gostermesi
gerekmektedir (Emons, 2003). Ozellikle verinin POMTK modellerinden Mokken Homojenlik
Modeline (MHM) uyum gdstermesi, diger bir deyisle tek boyutluluk, yerel bagimsizlik ve madde
karakteristik egrilerinin monotonlugu varsayimlarinin saglanmasi gerekmektedir (Emons, 2008).
Literatiirde ¢cok kategorili puanlanan maddeler icin en fazla kullanilan P-BUI’nin I,° istatistigi, PO-
BUTI’lerin GP, G\" ve U3P istatistikleri oldugu ifade edilmektedir (Emons, 2008; Rupp, 2013).

Birey uyum analizleri egitimde ve psikolojide dnemli bir konu olarak ele alinmaktadir. Ozellikle basar
testleri ve bilissel testlerde basartyla uygulanmaktadir (Meijer & Sijtsma, 2001). Egitim ¢alismalarinda
(6rnegin miifredattaki tutarsizliklarin belirlenmesinde, Harnisch & Linn, 1981), biligsel psikoloji
caligmalarinda (6grenme stratejilerinin belirlenmesi, Tatsuoka & Tatsuoka, 1982), kiiltiirler arasi
kargilagtirmalar (farklt dil gruplarindan gelen bireylerin test puanlarinin degerlendirilmesi ve
karsilastirilmasi, van der Flier, 1982), kisilik 6l¢gme ¢alismalarinda (kisilik 6l¢gme amaciyla gelistirilen
6lgme araglarinda sahte yanitlarin belirlenmesi, Dodeen & Darabi, 2009; Ferrando, 2004, 2009, 2012;
Reise & Waller, 1993; Woods, Oltmanns, & Turkheimer, 2008; Zickar & Drasgow, 1996), orgiit
psikolojisi caligmalarinda (bireylerin secilen test i¢in beklenmedik madde puan vektorlerini agiklama,
Meijer, 1998), tutumlarin degerlendirilmesi (Curtis, 2004), saglik aragtirmalari (Custers, Hoijtink, van
der Net & Hel, 2000; Tang ve digerleri, 2010) 6rnek olarak verilebilir (akt., Emons, 2003; Rupp, 2013).
BUI’ler psikolojik degerlendirmelerde de (Conijn, Emons, De Jong & Sijtsma, 2015; Meijer,
Egberink, Emons & Sijtsma, 2008) basariyla uygulanmaktadir.

Yapilan literatiir taramasinda arastirmacilarin; yeni BUI’ler gelistirdikleri ve yeni gelistirilen bu
BUI’leri gesitli test kosullarinda inceledikleri (Emons, 2008; Glass & Dagohoy 2007; Karabatsos,
2003; Twiste 2011; van der Flier, 1982), uyumsuz madde puanlarinin gergek veri setlerinde
belirledikleri (Egberink, 2010; Emmen, 2011; Meijer, 2003; Spoden, 2014) ve en iyi performans
gosteren BUD’leri belirledikleri (Emons, 2008; Karabatsos, 2003; Syu, 2013; Voncken, 2014)
goriilmiistiir. Rupp’un (2013) ¢alismasinda da BUI ile ilgili literatiir tarannstir. Yapilan bu calismada
BUI’lerin 6zellikle ikili puanlanan maddelerde daha fazla calisildigi, gok kategorili puanlanan
maddelerde yapilan ¢aligmalarin ¢ok sinirli oldugu ifade edilmistir. Bununla birlikte yapilan literatiir
taramasinda simiilatif olarak iiretilen veriler iizerinde BUI’lerin 6zellikle kiiciik drneklemler ve carpik
dagilimlar gibi cesitli test kosullarinda daha fazla arastirilmasi gerektigi goriilmiistiir.
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Calismanin amact

Bu calismanin genel amaci P-BUI ve PO-BUI’lerin ¢ok kategorili puanlanan maddelerden olusan
testlerde etkililiklerinin belirlenmesidir. Belirlenen amag dogrultusunda agagidaki arastirma sorularina
cevap aranmistir:

1. BUI’lere gore belirlenen uyumsuz madde puanlarma sahip kisilerin orani; érneklem
bliyiikliigi, yetenek dagilimi, test uzunlugu ve madde ve kisilerin manipiilasyonuna baglh
olarak olusturulan anormallik durumlarina gore nasil degismektedir?

2. Farkl test kosullarinda en iyi performansi gosteren BUI hangisidir?

Yontem

Bu arastirma BUI’lerin, simiilatif olarak olusturulan test kosullarinda, etkililiklerinin belirlenmesinin
amaclandigi temel arastirmadir.

Veri simiilasyonu

Bu arastirmada ¢ok kategorili puanlanan maddeler Samejima’nin Dereceli Tepki Modeline (DTM)
gore iiretilmistir. Bu arastirmada POMTK ’ya dayali PO-BUI’ler arastirmasina ragmen, parametrik
DTM’ye gore veri lretilmesinin nedeni DTM’ye uyumlu olan veri setinin ayn1 zamanda MHM’ye
uyumlu olmasidir (Emons, 2008; Sijtsma, Emons, Bouwmeester, Nyklicek & Roorda, 2008). Verilerin
retilmesinde R programi kullanilmustir. DTM’ye uygun verilerin tiretilmesinde “catIRT” paketi
(Nydick, 2015), carpik dagilimli veri setlerinin tiretilmesinde “fungible” paketi (Waller & Jones, 2016)
kullanilmistir. Bu arastirmada simiilatif verilerin iiretilmesinde asagidaki adimlar izlenmistir:

1. Belirlenen test kosullarinda DTM’ye uyumlu veri setleri iiretilmistir.

2. Aragtirmanin amaci dogrultusunda, veri setleri uyumsuz madde puani igerecek sekilde
(diistik ve yiiksek oranlarda) manipiile edilmistir.

3. Manipiile edilen veri setlerinde u¢ degerler belirlenmis (tiim maddelerde kesinlikle
katiliyorum veya hi¢ katilmiyorum kategorilerini secenler) ve analiz dis1 tutulmustur.
BUI’lerin u¢ degerlerde yeteri kadar bilgi vermemesi (Emons, 2008), u¢ degerlerin
atilmasinin temel nedenidir.

4. Yetenekler agirliklandirilmig maksimum olasiliga (weighted maximum likelihood
estimation) gore kestirilmistir. Yetenekler kestirilirken veri tiretimindeki gercek madde
parametreleri kullanilmistir.

5. Farkli test kosullarinda uyumsuz madde puanlarinin belirlenmesi i¢in BUI’ler, Tendeiro
(2016) tarafindan gelistirilen “perfit” paketi kullanilarak kestirilmistir.

Bu aragtirmanin bagimsiz degiskenleri; dort farkli 6rneklem biiyiiklagi (100, 250, 500 ve 1000), {i¢
farkli 6rneklem dagilimi (normal dagilan, saga carpik dagilan ve sola carpik dagilan), iki farkl test
uzunlugu (10 maddelik ve 30 maddelik test) ve iki farkli uyumsuzluk (diisiik ve yiiksek diizeylerde)
oramidir. Bagimli degiskenleri ise deneysel 1. Tip Hata oranlar1 ve bu degerler i¢in hesaplanan gii¢
degerleridir. Bu arastirmada dort farkli BUI (1,7, U3, G\" ve GP) icin I. Tip Hata oranlar1 ve giic
degerleri hesaplanmistir.

Literatiirde uyumsuz madde puanlarina neden olabilecek ¢esitli davraniglardan bahsedilmistir. Bu
aragtirmada dikkatsiz ve Ozensiz davramglar dikkate alinmistir. Bazi test uygulamalarinda bireyler
maddeleri rastgele cevaplarlar, maddeleri yanlis okurlar, maddeleri okumazlar ya da kodlama hatas1
yaparlar. Bu durumlar dikkatsiz ve 6zensiz davraniglara 6rnek olarak verilebilir (Emons, 2008). Bu
arastirmada, bu davranisa yonelik uyumsuz madde puan vektorleri Emons’un (2008) ¢alismasinda
oldugu gibi tek bi¢cimli dagilimdan yararlanarak olusturulmustur.
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Sonuc ve Tartisma

Bu arastirmanm genel amaci, P-BUI ve PO-BUI’lerin etkililiklerinin ¢ok kategorili puanlanan
maddelerden olusan test kosullarinda etkililiklerinin belirlenmesidir. Arastirma sonucunda beklendigi
gibi, hesaplanan BUI’ler igin, I. Tip Hata orani arttikca uyumsuz madde puanma sahip bireylerin
belirlenme orani artmistir. Arastirmada olusturulan test kosullarinda madde sayist ve uyumsuz madde
puan vektorleri arttikca uyumsuz madde puani belirleme orani/gii¢ artmistir. Simiilasyon sonuglari
orneklemin dagilim seklinin uyumsuz madde puanlarini belirlemede kiigiik bir etkisinin oldugunu
gostermistir. Diger bir deyisle yetenek dagiliminin sekli, uyumsuz madde puani belirlemede bu
arastirmadaki test kosullarina gére 6nemli bir faktdr degildir. Genel olarak 6rneklem biyiikligi,
uyumsuz madde puami oranlarmi etkilemistir. Orneklem biiyiikliigii artikga uyumsuz madde
puanlarinin belirleme oranlar1 artmistir. Arastirmanin bu bulgusu Syu’nun (2013) bulgulartyla
farklilasmugtir. Syu (2013) calismasinda |,°, GP ve U3P istatistiklerini arastirmistir. Syu (2013)
olusturdugu test kosullarinda 6rneklem biiyiikligiiniin ¢ok kiiciik farkliliklar olusturdugunu ancak
secilen kosullarin BUI’lerle ilgili yeterli bilgi veremeyecegini de belirtmistir.

Ozetlenecek olursa nominal I. Tip Hata oranlar artikca, uzun testler kullanildik¢a ve manipiile edilen
uyumsuz madde puanlarinin oranmi artikca, uyumsuz madde puanlarinin belirlenmesinin orani da
artmaktadir. Bu bulgu literatlirdeki diger arastirma bulgularina paraleldir (Emons, 2008; Karabatsos,
2003; Meijer & Sijtsma, 2001; Voncken, 2014).

Arastirmada genel olarak GP istatistiginin en iyi performansa sahip BUI oldugu gériilmiistiir. Ancak
ozellikle uzun testlerde parametrik I,° istatistiginin daha iyi performans gosterdigi de belirtilmelidir.
Kisa testlerde ve kiigiik 6rneklemlerde GP istatistiginin daha iyi performans gostermesi, Emons (2008)
ve Syu’nun (2013) arastirma bulgularina paraleldir. Syu (2013) calismasinda kii¢iik 6rneklemlerde
PO-BUI’lerin daha iyi performans gosterdigini belirtmistir. Ek olarak bu arastirmada BUI’lerin
uyumsuz madde puanlarini belirleme oranlari, birbirlerine yakin degerler vermistir. PO-BUI’lerde
ozellikle U3P ve GnP birbirine oldukg¢a yakindir. Uyumsuz madde puanlarini belirleme orani en fazla
o = .20 diizeyinde olmustur. Bu durum literatiire paraleldir (Emons, 2008; Meijer, 2003; Voncken,
2014).

Arastirma sonuglarma gore dikkatsiz ve O6zensiz davraniglarin kaynaklik ettigi uyumsuz madde
puanlarinin belirlenmesinde uzun testlerin tercih edilmesi 6nerilebilir. Ancak uzun testler pratikte her
zaman ¢ok kullanigh degillerdir. PMTK modelleri de parametrelerin dogru kestirilmesi i¢in biiyiik
ornekleme duyulan ihtiyagtan dolay1 ¢ok kullanigh degildir. Bu durumda PMTK modellerine gore
daha az sinirlayici olan POMTK modellerinden MHM (Junker & Sijtsma, 2001; Meijer, 2004;
Molenaar, 2001) kullanilarak uyumsuz madde puan ériintiileri PO-BUI’lerle belirlenebilir.

Bu arastirma olusturulan test kosullar dikkate alindiginda 6zellikle kii¢iik 6rneklem biiyiikliiklerinde
ve kisa testlerde PO-BUTI’lerin kullanilmas1 dnerilebilir. Bu arastirmada kayip veri igeren veri setleri
iiretilmemistir. Belirlenen test kosullarinda kayip verilerin BUI’lerin performanslarini nasil
etkiledikleri arastirilabilir. Aragtirmada belirlenen test kosullarimin disinda, farkli test kosullari
olusturularak BUI’lerin etkililikleri belirlenebilir. Ayrica bu arastirmada kullanilan istatistikler, gergek
veri setlerine kullanilarak arastirmanin bulgulariyla karsilagtirilabilir.
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Abstract

This study investigated the variables affecting the science achievement of eighth-grade students by multi-level
regression analysis. The variables included in this research were students’ attitudes, confidence level, value,
engagement in science, socioeconomic status, school type, school region, and teacher experience. The study
group consisted of 1049 students and 41 teachers. In the first research question, differences in students’ science
achievement scores among their schools were investigated. According to the results, the students’ achievements
differed among their schools. Approximately 16.3% of the differences observed in science achievement were
stem from the differences among schools, and 83.6% stem from the differences among students. In the second
research question, student characteristics that explain the differences among the science achievements of the
schools have been examined. Students’ socioeconomic level, attitude, and confidence level were only variables
that have statistically significant relationship with achievement. Socioeconomic and confidence level variables
have a positive effect on achievement, but attitude variable has a negative effect on achievement. In the third
research question, student and school characteristics that affect science achievement have been examined
simultaneously. The school characteristics that have been included in the regression model were teacher
experience, region, and school type. It was determined that none of the regression coefficients for the school
characteristics variables were statistically significant in the regression model.

Key Words: Multi-level regression analysis, TEOG science exam, affective characteristics of students, school
characteristics.

INTRODUCTION

The rapidly developing technology, the growth of the economy, and the changes in priorities of social
life lead to the differentiation of the needs of our lives. Particularly, the rapid progression of technology
makes science fields more prominent. Therefore, in recent years, countries started to emphasize
science education and encourage students to enter science-related jobs more than the other fields.
According to the report of the Scientific and Technological Research Council of Turkey (Tirkiye
Bilimsel ve Teknolojik Arastirma Kurumu-TUBITAK), science and technology will be the foundation
of the professions which will be needed in the future (TUBITAK, 2016). To be able to enter the
occupational fields related to science, it is very important for individuals to have an interest in science
and concrete science education. However, it is noteworthy that nowadays individuals are not inclined
toward science-related occupational fields. The lack of employees in these areas is expected to affect
the productivity and technological development of countries significantly. For this purpose, the
importance of science education and the factors affecting the success of students should be examined,
and interest in these fields should be increased. In this context, many studies on the science
achievement of students at both national and international levels were done, and the factors affecting
the students’ success of science were examined in Turkey.

When the studies concerning the national examinations administered in Turkey on science were
examined, various variables affecting the science achievement of students have been determined.
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According to the literature, these variables are socioeconomic level, value, self-efficacy, attitude,
perception, education level of the family, gender, time allocated to study, teacher characteristics, and
school characteristics (Acar, 2009; Amil, 2011; Atalmis, Avgin, Demir & Yildirim, 2016; Otken, 2012;
Sahin, 2011; Uzun, Gelbal & Ogretmen, 2010).

In addition to national exams, variables affecting the science achievement of the Turkish students at
international exams such as PISA (Program for International Student Assessment) and TIMSS (Trends
in International Mathematics and Science Study) were also investigated in the literature. These
variables are attitude, self-efficacy, value, socioeconomic level, education level of a family, gender,
home resources, material resources, computer environment teacher characteristics, and school location
(Abazoglu & Tasar, 2016; Acar & Ogretmen, 2012; Akilli, 2015; Akyiiz, 2006; Anil, 2009; Atar &
Atar, 2012; Berberoglu, Celebi, Ozdemir, Uysal & Yayan, 2003; Biiylikoztiirk, Cakan, Tan & Atar,
2014; Pektas, 2010; Ucar & Oztiirk, 2010).

These variables were investigated in various combinations in the related research. For example, Anil
(2011) investigated the factors that predict PISA science achievement of the Turkish students with the
parents’ level of education, attitude, computer, and family’s wealth of culture variables. Pektas (2010),
on the other hand, evaluated the students’ TIMSS science scores with the variables of attitude, self-
efficacy, value, and education level of the family. In another study, 8th-grade students’ science
achievement in TIMSS were examined via attitudes, values towards science, and self-efficacy
variables (Akilli, 2015).

These types of studies have only addressed student characteristics. In addition to student
characteristics, there are also studies dealing with the characteristics of teachers and schools. For
instance, in the TIMSS-2011 study conducted by Abazoglu and Tasar (2016), teacher characteristics
that affect students’ science achievement were determined as job satisfaction, computer use in class,
and participation in professional development activities. In terms of teacher characteristics, Atar
(2014) found that some teacher characteristics measured by TIMSS 2011 were determiners of the
students’ science and technology achievement. Those teacher characteristics were participation in in-
service training programs related to information technologies, importance given by teachers to
academic achievement, gender of teachers, and cooperation among colleagues.

The variables such as attitude and self-efficacy discussed in these studies are the individual
characteristics of the students, whereas the variables such as teacher experience and school type are
characteristics of students’ groups. In other words, there are variables related to the students and
student groups. That is, the data obtained from the students and their schools show a hierarchical
structure such as students, classes and schools. If this hierarchical structure is ignored when examining
the predictors of science achievement, the principle of independence required for regression analysis
is violated, and the result of the analysis may be biased. In hierarchical data, more complex error
structure should be added to the model to take account of the dependence between observations within
the group (Heck, Thomas, & Tabata, 2010). Multilevel modeling, on the other hand, ensures that the
predictor variables are analyzed in accordance with the hierarchical structure of the data and obtain
unbiased results (Heck et al., 2010).

The studies aiming at determining the variables affecting the students’ science achievement are
generally performed with single-level analysis for both the national (e.g. high school entrance
examinations, etc.) and international (PISA and TIMSS, etc.) exams administered in Turkey (e.g. Acar,
2009; Otken, 2012; Siier, 2014; Sahin, 2011). Most of these studies were conducted without
considering the hierarchical structure of the data. In the TIMSS and TEOG (Transition from Basic
Education to Secondary Education) exams, the hierarchical structure of the data necessitates the
examination of variables predicting achievement at different levels (individual and school). The use
of multi-level analysis in the examination of structures at different levels is more appropriate than the
use of single-level models due to the fact that the observations are not independent of each other and
the design effect (Hox, 2010). Multilevel analyses are methods of analysis that examine the
relationship between variables that characterize individuals and groups. In multilevel analyses, the
data structure within the group is hierarchical, and the data should be taken from this hierarchical group
(Hox, 2010).
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In the literature there are multi-level analysis studies examining students’ science achievement in the
TIMSS exam (Abazoglu & Tasar, 2016; Acar & Ogretmen, 2012; Atar, 2014; Atar & Atar, 2012) and
in the TEOG exam for subjects such as mathematics and Turkish (Acar, 2013; Dogan & Demir, 2015;
Yavuz, Odabas & Ozdemir, 2016). However, in the literature, there are no studies investigating the
individual and group level variables affecting the science achievement for the national exams carried
out in Turkey by multilevel analysis. In this study, it was aimed to investigate the variables that predict
the students’ science achievement by multilevel analysis in accordance with the hierarchical structure
of the TEOG data. Thus, the extent to which the variables related to individuals and schools related to
achievement will be examined in a more unbiased manner. Examination of the students’ science
achievement by multilevel analysis for a national exam, provides an opportunity to compare the
findings of this study with those of single-level analysis and also helps to fill the gap in the literature
on this issue. TEOG is a test conducted by the Ministry of National Education (MONE) for the
evaluation of student achievement in an integrated manner with the learning process and applied for
the evaluation of science achievement. The aim of this study is to examine the science achievement of
eighth-grade students who participated in the TEOG science sub-test. By providing scores that are on
the same scale, TEOG allows the comparison and inclusion of students (with different characteristics)
from different cities and districts of Turkey. Thus, the relationship between the variables included in
this study and a national science exam scores can be examined across Turkey. The school-level
variables in this study are school region, school type, and teacher experience; and the student-level are
the students’ socioeconomic level, value given to science, interest in science, self-efficacy and attitude.
By using these variables, in this study, the answer to the question To what extent do the school and
student level variables predict students’ science achievements? is examined. Furthermore, the
following research questions guided this study:

1. Do students’ science scores show a significant difference among their schools?

2. To what extent do students’ science scores are predicted by level-1 (student) variables
(interest, value, self-efficacy, attitude, and socioeconomic status)?

3. To what extent do students’ science scores are predicted by level-1 and level-2 (school)
variables (regional population, type of school, and teacher experience)?

Within the scope of the research, it is assumed that the students answered the questionnaire items in a
sincere manner. This research is limited to the answers of the students and teachers to the questionnaire
items selected from the TIMSS 2011 measurement tool and the variables determined in the
measurement tool.

METHOD
The related information about the method of the study is presented at the parts below.

Participants

In the study, 1049 8th grade students who took the TEOG exam attending 30 different schools (26
state schools and 4 private schools) in Diizce, Erzurum, Cankiri, Antalya, and Ankara in 2015-2016
school year were participants. 597 of the students were female, and 452 of them were male. In addition,
a total number of 41 teachers, 37 of whom were working in a state, and 4 of whom were working in a
private school, participated in the study voluntarily. School-level data were collected from the
teachers. Participants of the study were selected from conveniently available schools. Therefore,
convenience sampling was used in the study.
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Data Collection Instrument

Some of the TIMSS 2011 student and teacher questionnaire items were selected and used in the data
collection tool of this study. The reasons for using TIMSS items are the research support for items’
validity and reliability; comprehensiveness of the items for the related variables and finally
comparability property. The relevant TIMSS items were administered to the students and the teachers.
Students” TEOG science scores were obtained based on their statements.

The first part of the measurement tool for the students includes 12 demographical items. These are
about gender, age, parents’ educational level and occupation, home resources (number of books at
home, computer, desk, separate room, and internet), and TEOG science score. The second part includes
26 affective items from TIMSS 2011 student questionnaire. The codes for the original TIMSS items
were BSBS17A-F, BSBS19A-N, and BSBS18A-E. These items were related to attitude, self-efficacy,
interest in science, value given to science. The specific item codes for interest variable are BSBS18A,
BSBS18B*, BSBS18C, BSBS18D, BSBS18E; for self-efficacy BSBS19A, BSBS19B*, BSBS19C*,
BSBS19D, BSBS19E*, BSBS19F, BSBS19G, BSBS19H, BSBS191*; for attitude BSBS17A,
BSBS17B*, BSBS17D*, BSBS17E, BSBS17F; and for value variable BSBS19J, BSBS19K,
BSBS19L, BSBS19M, BSBS19N, BSBS17G’. * items were coded inversely in the study. The
measurement tool for the teachers consists of items about teachers’ year of experience, regional
population of the school, and school type.

Data Analysis

In order to reduce the number of variables to be included in the multi-level regression analysis, the
guestionnaire items were subjected to exploratory factor analysis, and the obtained variables were used
in the regression analysis. The appropriateness of collected data for factor analysis was analyzed by
the Kaiser-Meyer-Olkin (KMO) coefficient and Bartlett’s sphericity test. In the study, KMO
coefficient was calculated as .935, and this value was found to be good (.80 < KMO < .90) in order to
continue factor analysis (Biiyiikdztiirk, 2015). In the Bartlett Sphericity Test, the chi-square value (x?
= 2067.004; p = .000 < .05) was found to be significant. According to the obtained results, the data
showed multivariate normality (Biiyiikoztiirk, Sekercioglu & Cokluk, 2014). In the factor analysis, the
items were analyzed in separate groups for the factors as in the analysis of the 2011 TIMSS
measurement tools. Table 1 shows the number of items in each factor, the total explained variance,
and KMO. After factor analysis, for interest, value, attitude, self-efficacy, socioeconomic status of the
students factor scores were obtained. In addition to these student-level variables, teacher experience,
the population in the school region, type of school were considered as independent variables in the
regression model. The participant students” TEOG science scores were considered as the dependent
variable.

Table 1. Factor Analysis Results for Attitude, Self-Efficacy, Value, Interest and Socioeconomic Status
Variables

Variable Number of Items KMO Total explained variance (%)
Attitude 6 .828 52.736
Self-efficacy 9 877 50.002
Value 6 .827 53.745
Interest 5 751 46.750
Socioeconomic status 3 771 39.365

In the collected data, there were 35 cases with missing data. In the study, the mean values were
assigned for these missing data, and the analyses were performed with 1049 participants. The students’
TEOG science scores showed normality. In the analysis, condition indices (Cl), variance inflation
factor (VIF) and tolerance values were examined for collinearity among the independent variables.
The tolerance values of the variables were greater than .20; variance inflation factor (VIF =1/ (1-R?))
values were less than 10; CI were found to be less than 30. The internal consistency reliability
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coefficients of each factor were calculated with Cronbach Alpha. The Cronbach Alpha coefficient was
a = .83 for the value variable, a = .88 for the self-efficacy variable, o, = .81 for the attitude variable,
and o = .69 for the interest variable. The Cronbach’s Alpha coefficient for the whole measurement tool
(o =.921) is over .70, indicating the reliability of the measuring instrument. The data were analyzed
with a mixed model (SPSS 20.0). In the following section, multi-level regression analysis and
regression models used in this study are explained.

Multilevel analysis

In studies that examine the relationship between individual and society/group, data can be observed at
different hierarchical levels, and variables can be defined for each level. Multilevel analyses are
methods that examine the relationship between variables that characterize individuals and groups
(Hox, 2010). If the data structure is ignored, aggregation and disaggregation problems appear. In the
aggregation, researchers are interested in group-level data, so they aggregate the variables that
characterize individuals in each group to a higher level (group level). In disaggregation, to analyze
data at a single level the variables belonging to the upper level are assigned to the individual level.
However, aggregation and disaggregation may cause some errors (Heck et al., 2010). In the
hierarchical groups, individual observations are generally not completely independent. Therefore, the
mean correlation between the variables measured on students from the same school (so-called intra-
class correlations) is higher than the average correlation between the variables measured in different
schools. If the sample is not random, participants from the same geographical region will be more
similar to each other compared to participants from different geographical regions. Being nonrandom
sample (having similar characteristic) leads to standard error estimates that produce incorrect results.
To prevent incorrect results design effect has to be considered in analysis. Intra-class correlation (p) is
used to calculate the design effect. Intra-class correlation is defined as the ratio of variance between
the groups compared to the total variance. Intra-class correlation can also be interpreted as the expected
correlation between two randomly selected individuals in the same group. Intra-class correlation is
calculated by the formula shown in Equation 1.

2
= %
P / oit o2 (1)
The design effect (Deff) depends on both the intra-class correlation and the sample size. Deff for a
model with a two-level data structure is shown in Equation 2.
Deff=1+ p(n-1) 2

In this study there are two levels. Level-1 is student-level and level-2 is school-level. The participants’
TEOG science scores (Y) were used as the dependent variable. The independent variables at the
student level (Level 1) and the variables included in the model at the school level (Level 2) are stated
below.

Table 2. Independent Variables of Level- 1 (Student) and Level-2 (School)

Level-1 Student level Independent variables
Socioeconomic status SES (X1)
Attitude TUT(X2)
Value DEG (X3)
Interest ILG (Xa)
Self-efficacy OZY (Xs)
Level-2 School level
School region population BOL(Xs)
School type TUR(X7)
Teacher experience OGR(Xs)
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The first question of this research is do students’ science scores show significant difference among
their schools? In order to answer this question, the intra-class correlation and design effect was
calculated for the available data. For this purpose, the one-way ANOVA model was established in
multilevel analysis.

In the multilevel analysis, the one-way ANOVA model examines the between and within-group
components of variances (Heck et al., 2010). This model provides information about intra-class
correlation and determines whether a multilevel model is required or not (Tabachnick & Fidell, 2007).
One-way ANOVA model is presented in Equation 3.

Y= BOJ.+ & 3)
The equation of level 2 of the model is given in Equation 4.

Boj= Yoo Yoj (4)
Equation 5 is obtained when the Equation 4 is inserted in Equation 3.

Yii= Yoo Yot & (5)

This model provides the level of dependence in level 2 through intra-class correlation (p). After
determining the necessity of multilevel analysis, first level predictor model (level-1 model-random
intercepts- constant slope with fixed estimators) was established to answer the second research
problem. The model obtained by adding a predictor to the equation used in the estimation of student
success is called the first level predictive model (Tabachnick & Fidell, 2007). The level-1 estimators
are indicated by X. The equation for the student level model is given below in Equation 6. In this
equation, the absence of j index in the B1 coefficient indicates that the slope is constant for the groups.

Yij= Byt By Xij + & (6)
Equation 7 is used to predict the slope.

Bi="710 (7)

Equation 7 and Equation 4 are inserted in Equation 6, and Equation 8 is obtained. In this equation,
when the fixed parameters (y,, and y,,) and random parameters (uo; and ¢;;) are edited, Equation 8 is
obtained.

Yij= Yoo+ Y10Xj+Uoj+ &; (8)
By considering student level variables, the Equation 9 is obtained.
Yi= By + By (SES); + B,(ILG);+ By (DEG),+ B,(OZY) i+ B5(TUT),+ & 9)

Through this analysis, B values are determined for the independent variables (SES, ILG, DEG, OZY,
and TUT). These values indicate at what level these variables predict the students’ science scores. In
addition, in order to determine to what extent individual level independent variables added to the model
explain the difference between schools, the difference between the variance values for the first level
predictive model and the variance values in the one-way ANOVA model are examined. This reduction
at variance is calculated by between- and within-group variance estimation (R?). To calculate reduction
in variance, Equation 10 is used for between- and within- group variance.

(Gﬁ/n - 012\/12) / 012\/11 (10)

To answer the third and last research question, school-level variables have been added to the multi-
level regression model. Group-level variables are added to the multi-level model (random intercepts
fixed slope).

Boj =Yoo T Yor Wit Uoj (11)

Adding the independent variables (W and X) at the group level and at the individual level yields the
Equation 12. Equation 12 is reached when the terms are arranged.
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Yii= Yoot Yor Wi+ 710Xi+ uoit & (12)

Thus, at the school level, variables are added to the equation to explain the variability of the intercepts
between schools. Three independent variables in level 2 (school level) have been added to the model.
The Equation 13 is obtained when they are placed in Equation 10 at the school level as independent
variables.

Bo; = Yoo + Yor(BOL), + ¥4, (TUR)+ 75 (OGR), + g, (13)

When Equation 13 is combined with the level 1 (student level) variables,
Yij: Yoo + Bl(SES)ij + Bz(TUT)ij+ ﬁ3 (DEG)ij+ ﬁ4(ILG)ij+ B5(OZY)ij+ YOl(BOL)j + ’Yoz(TUR)j—'_
’}’03(OC}I{)_l + qu+ Sij

is obtained. Through this analysis, the levels of school level (TUR, OGR, BOL) are predicted in terms
of predicting student science scores.

RESULTS

Results for the First Research-Problem

The results of the one-way ANOVA model analysis are given in Table 3. In this model, the average of
the students’ science scores is determined as 72.76. The standard error of the estimated value is 1.56.
In the 95% confidence interval, the real value of the overall science achievement average is in the
range of 75.83 - 69.70 points.

Table 3. One-way ANOVA Model Results

Fixed effects Coefficient Standard error df t

Average science score 72.76% 1.56 30.53 46.54

Random effects Variance Standard error Wald Z

level-1 within-group variation, student level 308.98* 13.67 22.60

Level-2 between group variation, school level 60.37* 18.56 3.25
*p<.01

The variance of the students’ science achievement for the school average is estimated as 308.99
(within-group variability), and the variance of the difference of the school means from the general
average is 60.37 (between-group variability). Intra-class correlation coefficient is calculated by
Equation 1. By using these variance values, it is calculated as 60.37 / (60.37 + 308.98) = 0.163 or
16.3%. When Table 3 is examined, there is a significant difference among TEOG achievement scores
(Wald Z = 22.60, p < .05). Approximately 16.3% of the differences observed in the students’ science
scores arise from the differences between schools. Similarly, by using within-group variance: 308.98
/(308.98 + 60.37) = 0.836 or 83.6% is obtained. This value indicates that 83.6% of the total variance
stems from the differences among the students. In addition to these values, the design effect (Deff) is
calculated in the following way.

Deff = 1+ 0.163 ((1049/30) -1) = 5.537

Since Deff is 5.537 > 1, it is seen that the data requires multilevel modeling. The results show that,
with the average score difference among schools, the development of the model can be continued.

Results for the Second Research-Problem

In the level-1 student model, within- and between-group intercept and slope equations are examined.
In order to determine the student characteristics associated with the students’ science scores at level 1,
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some predictive variables are included in the model. These variables are the students’ socioeconomic
level (SES), attitude (TUT), value (DEG), interest (ILG) and self-efficacy (OZY). Table 4 shows the
estimated values of the fixed and random effects of the level 1 model. When the intercept coefficient
(208.23) level-1 variables are taken into account in Table 4, it gives the variance value of the
differences of the students’ science achievement from the school average.

The slope coefficients of independent variables with high t value and statistical significance are
socioeconomic level, attitudes, and self-efficacy variables. According to Table 4, the socioeconomic
level (B1 = 7.36, p < .05) is among the variables affecting student achievement. In addition to this
variable, students’ attitudes towards science (B2 = -3.19, p < .05) affect student achievement at
individual level. Self-efficacy perceptions of students (Bs = 10.03, p <.05) are also among the variables
that affect student achievement. It is concluded that the students’ interest in science (B4 = -0.32, p >
.05) and the value that students give to science (B3 = 0.87, p > .05) do not statistically affect student
science scores. According to these coefficients, the socioeconomic level (B1 = 7.36) and the self-
efficacy (Bs = 10.03) levels of students affect the science achievement positively. The attitude variable
shows a significant negative relationship with the students” TEOG science scores. However, the
interest (p =.640 >. 05) and value variables (p = .161 > .05) are not statistically significant. These
results show that students with higher socioeconomic levels and higher self-efficacy have higher
science scores.

Table 4. Random Intercept Model Results

Fixed effect Coefficient Standard error df t
Average science score 73.10 0.84 21.94 87.35
SES 7.36* 0.63 481.11 11.63
Attitude -3.19* 0.76 1042.05 -4.19
Value 0.87 0.62 1034.09 1.40
Interest -0.32 0.70 1035.25 -0.47
Self-efficacy 10.03* 0.64 1038.67 15.56
Random effect Variance Standard error Wald Z
Within-group variance, student level (Level-1) 208.23 9.27 22.46
Between group variance, school level (Level- 2) 12.97 6.02 2.15
*p<.01

In order to examine the influence of socioeconomic status, attitude, self-efficacy, interest, and value
variables as within-group variables on the model, the variance between ANOVA and first level
predictor model is examined. For this purpose, the estimation of reduction in variance (R?), (308.99-
208.23) / 308.99 = 0.326 or 32.6% is obtained.

This result shows that 32.6% of the level-1 variability in student science scores is explained by the
variables of student socioeconomic level, attitude, self-efficacy, interest, and value. For the reduction
in variance between schools, (60.37-12.97) / 60.37 = 0.785 or 78.5% is obtained.

This result is due to the socioeconomic level, attitude, self-efficacy, interest, and value variables of the
students. Between and within-group variance components obtained in the one-way ANOVA model
decreased when socioeconomic level, attitude, self-efficacy, interest, and value variables are added to
the model. In other words, approximately four-fifths of the variance between schools arises from the
differences in the socioeconomic level, attitude, self-efficacy, interest and value status of the students
in those schools. Even after socioeconomic level, attitude, self-efficacy, interest, and value variables
are included in the model, there is still a significant difference in between- and within-school
variability (Wald Z = 2.15, p < .05). In this case, variables at the school level are included in the
analysis.
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Results for the Third Research-Problem

Level 2 (school level) model is established to determine the predictors of the students’ science scores
related to school characteristics. In order to explain the difference between school averages in the
model, level-1 variables which are socioeconomic level (SES), attitude (TUT), value (DEG), interest
(ILG), self-efficacy (OZY) and school-level variables which are school type (TUR (private, state),
teacher experience (OGR), and school district (BOL) are included in the model. The results of the
analysis are presented in Table 5. Table 5 shows that there is a significant difference between the
schools in terms of socioeconomic level, affective characteristics, type of school, teacher experience,
and TEOG science achievement scores (Wald Z = 22.46, p < .05). In this case, it is stated that the
students’ science scores vary between schools. To calculate variance change (R?), between and within-
group variances are compared as in the following equation for between groups: (60.37-15.56) / 60.37
= 0.742 or 74.2%. This result indicates that the socioeconomic level, attitude, self-efficacy, interest
and value variables of individual level explain 74.2% of the variance between the schools. On the other
hand, the coefficient R? for within-group variances: (308.99-208.01) / 308.99 = 0.327 or 32.7%.

Table 5. Level-2 Random Intercept Model Results

Fixed effect Coefficient Standard error df t
Average science score 7.29 4.83 23.08 15.17
SES 7.17* 0.66 723.50 10.90
Attitude -3.14* 0.76 1039.39 -4.11
Value 0.86 0.62 1029.22 1.38
Interest -0.33 0.70 1031.38 -0.48
Self-efficacy 10.02* 0.65 1033.17 15.48
School type -1.25 3.67 18.63 -0.34
Teacher experience -0.01 0.57 56.86 -0.01
School region 0.32 0.69 42.30 0.46
Random effect Variance Standard error Wald Z
Level-1 variance 208.01 9.27 22.46
Level-2 variance 15.56 7.15 2.18
*n<.01

This result shows that the student socioeconomic level, attitude, self-efficacy, interest and value
variables constitute 32.7% of the school variability in the students’ science scores. According to Table
3, socioeconomic level (B1 = 7.17, p <.05), students’ attitudes towards science (p.=-3.14, p <.05) and
self-efficacy perceptions of students towards science course (s = 10.02, p < .05) affect the students’
science scores. However, the students’ interest in science (B4 = -0.33, p > .05) and value to science (B3
= 0.86, p > .05) do not affect the students’ science scores. When Table 5 is examined, it is seen that
the school type (y,, = -1.25, p > .05), teacher experience (y,, = -0.01, p >.05), location of school (y,,

=-0.32, p > .05) variables do not affect the students’ science scores at the school level.
The results of the multilevel analysis can be summarized in the following equation:

Science Scores = 73.29 + 7.17 (SED) — 3.14 (TUT) + 0.86 (DEG) — 0.33 (ILG) + 10.02 (OZY) — 1.25
(BOL) — 0.004 (TUR) + 0.32 (OGR) + uy; + &;

In summary, the socioeconomic level, attitude and self-efficacy variables have a significant effect on
the students’ TEOG science scores. The teacher experience, value, school location, interest, and school
type do not have a significant effect on the students’ TEOG science scores.

DISCUSSION and CONCLUSION

In this study, the predictor variables for the 8th grade students’ TEOG science scores which are the
attitude towards the science, self-efficacy, the value of the science, the students’ interest in the science,
the student’s socioeconomic status, school location, school type, and teacher experience were
examined by multi-level regression analysis.
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According to the results of the first research problem, there is a significant difference between the
average achievement scores of the schools. 16.3% of this difference arises from the schools and 83.7%
from the students. This finding aligns with the studies that examined the effect of school and student
characteristics variables on student achievement. In these studies, it was expected that most of the
variance in achievement will be explained by student characteristics (Odden, Borman & Fermanich,
2009).

In the second research problem, the characteristics of the students were examined to explain the
achievement differences among the students and the schools participating in the TEOG exam. The
effect of socioeconomic status, attitude, value, interest, self-efficacy variables on science scores were
investigated. In the analysis, socioeconomic status, attitude and self-efficacy variables were found to
have a statistically significant effect on science achievement, but interest and value variables do not
have a statistically significant effect on science achievement. While the socioeconomic status and self-
efficacy affected science achievement positively, the attitudes of the students towards science
negatively affected the achievement. According to the findings of the analysis, 78.5% of the variance
among the schools stems from the students’ socioeconomic level, attitude, value, interest, and self-
efficacy. In relation to self-efficacy, Atar and Atar (2012) found that students’ self-efficacy was a
statistical predictor of their science achievement. However, in the study of Akilli (2015), it was
concluded that the students’ self-efficacy affected their achievements in a negative way. In another
study, it was seen that the socioeconomic status of the students was one of the most important factors
affecting the achievement (Oksiizler & Siirekgi, 2010). In addition, in his meta-analysis, Sarier (2016)
found that the most important factors affecting students’ achievement were socioeconomic status and
self-efficacy. However, Yavuz et al. (2016) stated that the effect of the average socioeconomic status
of schools on mathematics achievement was not statistically significant. In our study, the students’
socioeconomic status was investigated. The level (individual/group) of the variable included in the
analysis also affects the results. The reason for the different findings among the research can stem
from the differences between the statistical techniques applied, measurement tools, content, and exam
types. In terms of attitude, similar to the results obtained in this study, Kili¢ (2016) also concluded that
the attitude variable has a negative effect on students’ mathematics achievement. On the other hand,
Sahin (2011) found that the attitude variable had no significant effect on students’ SBS (Achievement
level determination exam) science achievement. Regarding attitude, there are also studies showing
different results from the findings of this study. For example, in his study, Akill1 (2015) found that the
attitudes of 8th grade students predict the TIMSS science scores positively. Pektas (2010) also stated
that attitudes towards science, students’ self-efficacy beliefs, the value given to science, and the
education level of a family are significant predictors of TIMSS science achievement scores. There are
studies in the literature supporting the findings that the value variable does not predict success (Yavuz,
Demirtash, Yal¢in & Dibek, 2017). Regarding interest in science in some studies in the literature, it
has been shown that the interest of students in science significantly predicts success in science (Singh,
Mo & Chang, 2006). Obtaining different results from the literature may be due to different analysis
methods. In this study, multilevel analysis was used. In multilevel analysis, the problems of
aggregation and disaggregation are avoided, and the predictor variables are included in the model at
appropriate levels. Therefore, different results may arise from single level analysis methods.

In the third research problem, the student and school characteristics that explain the difference between
the students’ science scores were examined simultaneously. According to the results, the
characteristics of the students and the schools explained 32.7% of the between-school variability. It is
found that the school type, the school region, and the teacher experience variables added in Level-2
did not significantly explain the students’ science scores. These findings contradict some of the
existing research. In one study, it was determined that the less experienced, novice teachers’ students
had higher scores for application and reasoning questions in TIMSS 2011 (Giiner, Sezer & Akkus-
Ispir, 2013). In another study, it is stated that teachers with more than five years of experience are
more efficient (Greenwald, Hedges & Laine, 1996). While in the literature it was concluded that school
type and region variables predicted success (Acar, 2013; Berberoglu & Kalender, 2005; Karabay,
Yildinm & Giiler, 2015), in this study, it was determined that these variables did not predict the
students’ science scores statistically. However, to investigate this conflicting finding in detail, the
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school type variable was included in the analysis alone without including the individual level students’
characteristics. Then it was found that the school type is the predictor of the students’ science scores.
In other words, the school type is not the predictor variable of achievement, if it is included in the
model with the student characteristics. This finding suggests that it is not the type of schools that
matters, but the students who attend those schools. In terms of change in variance with school-level
predictors, another interesting result has been observed. The variance between schools increased while
it was expected to decrease when level-2 predictor variables are included in the regression model.

According to the findings of this study, the self-efficacy variable has a positive effect on science
achievement. For this reason, it is suggested that studies should be conducted to increase the self-
efficacy of the students towards the science course. In order to help students to develop self-efficacy,
their strengths and positive aspects should be pointed out, emphasized, and supported in the teaching-
learning process. In addition, it was determined that the socioeconomic levels of the students had a
major significant effect on their achievement. The factors determining the socioeconomic level are
parents' education and home resources. In order to increase the achievement of the students, it was
determined that the family should be educated first. In Turkey, it may be necessary to follow the
innovations in education and to update the education system accordingly to these developments in
order to have a positive effect on science achievement. New studies can be done for students to be
motivated to learn and understand the importance of science. For example, activities can be planned
to show students the relationship of the science courses to real life. Awareness may be raised about
the scientific events taking place in Turkey and in the world. Although the experience of the teachers
did not have a significant effect on student achievement, there are studies in which teacher experience
is determined as an important variable affecting success (Giiner et al., 2013). In order to increase the
positive effect of teachers on student achievement, new studies should be carried out for teachers who
are novice in the profession and competent/experienced teachers in their fields. Teachers may be
advised to organize activities for students to love science. The variables that affect the 8th grade
students” TEOG science scores were investigated with the items selected from TIMSS 2011
questionnaires. The effect of other variables on achievement can be examined by using other variables
from the TIMSS questionnaire. Since the findings of the study were limited to this group of
participants, the study could be repeated with participants with different demographic characteristics.
In this study, some of the variables that predict achievement differences between schools were
determined. From this point of view, the question of what should be emphasized to increase students’
science achievement has been answered relatively. However, the undisclosed difference between
schools in this study is as high as 20%. In order to explain this ratio, studies that take into account
other variables not considered in this study are needed.
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The Effects of Log Data on Students’ Performance

Hatice Cigdem YAVUZ *

Abstract

This study aimed to assess the relationships between response times (RTs), the number of actions taken to solve
a given item, and student performance. In addition, the interaction between the students’ information and
communications technology (ICT) competency, reading literacy, and log data (time and number of actions) were
examined in order to gain additional insights regarding the relations between student performance and log data.
The sample consisted of 2 348 students who participated in the triennial international large-scale assessment of
the Programme for International Student Assessment (PISA). For the current study, 18 items in the one cluster
of the 91st booklet were chosen. To achieve the aim of the study, explanatory item response modeling (EIRM)
framework based on generalized linear mixed modeling (GLMM) was used. The results of this study showed
that students who spent more time on items and those that took more actions on items were more likely to answer
the items correctly. However, this effect did not have variability across items and students. Moreover, the
interaction only with reading and the number of actions was found to have a positive effect on the students’
overall performance.

Key Words: Test-taking behaviors, explanatory item response modeling, log data, technology-based assessment.

INTRODUCTION

Depending on the stakes or context of the tests, students adapt different test-taking behaviors. To
explore these behaviors, much research has been undertaken in psychometric practice. With the
emerging utilization of technology in testing, it has become possible to analyze test-takers’ behaviors
in detail in relation to many psychometrical aspects. Considering the feasibility of administration of
computerized assessments in education, computer-generated log-files are able to provide rich
information in this context.

A student log file records all the data produced by the student during testing. Log files make it possible
to see beyond students’ overall performance by determining, for example, what actions have been
undertaken, and how much time has been spent for a specific item. The information gathered in log
files reveals a different perspective concerning students’ performance and cognitive behaviors (Greiff,
Wiistenberg & Avvisati, 2015). Moreover, log files can offer valuable feedback about students’
learning and cognitive abilities (Greiff et al., 2014). Many recent studies have shown that students’
log files provide validity evidence (e.g., Lee & Jia, 2014; Wise & DeMars, 2005), possible associations
with student performance (Goldhammer et al., 2014; Greiff et al., 2015), and a better understanding
on non-traditional competences (Azzolini, Bazoli, Lievore, Schizzerotto, & Vergolini, 2019).

In particular, from the students’ log data, the response time (RT) has been the subject of many studies
within the field of psychology and psychometrics (e.g., Goldhammer, Naumann & Greiff, 2015; Lee
& Haberman, 2016). RT has been used to gain a better understanding of mental activity in psychology,
and the utilization of RT is also on the rise in testing over the last few decades (Schnipke & Scrams,
2002). This is because time plays an important role in examining the process of answering items in
detail. In this sense, RT has been examined as an indicator of test-taking motivation/engagement (Wise
& DeMars, 2005), rapid-guessing behavior (Lee & Jia, 2014), or a characteristic of student
performance (Goldhammer et al., 2014).

*Ph. D., Cukurova University, Faculty of Education, Adana-Turkey, hcyavuz@cu.edu.tr, ORCID ID: 0000-0003-2585-
3686

To cite this article:
Yavuz, H. C. (2019). The effects of log data on students’ performance. Journal of Measurement and Evaluation in
Education and Psychology, 10(4), 378-390. doi: 10.21031/epod.564232
Received: 13.05.2019
Accepted: 05.11.2019



Yavuz, H. C./ The Effects of Log Data on Students Performance

Previous studies in which RT was examined in the context of test-taking engagement have revealed
that a lower RT can be interpreted as a validity thread (Wise Kingsbury, Thomason & Kong, 2004;
Wise & DeMars, 2005; Rios, Guo, Mao & Liu, 2017). Together with this, most researchers consider
RT as being associated with the cognitive ability of individuals (Kyllonen & Zu, 2016). Recent studies
in testing propose that the relationship between student performance and RT changes depending on
the features of items/tasks and students.

In their study, Goldhammer et al. (2014) examined the time effect in reading and problem solving
using the items of the Programme for the International Assessment of Adult Competencies (PIAAC).
They found that the time effect depended on item difficulty and test-takers’ ability. In this sense, the
time had a positive effect on problem-solving items while the opposite relationship was found for
reading items. With a similar purpose, item RT was investigated using a computerized version of
Raven’s Advanced Progressive Matrices (RAPM) test (Goldhammer et al., 2015). According to the
findings of the study, item RT had a negative effect on the overall performance of test-takers. However,
this effect differed in that it was highly negative for easy items among higher-performing test-takers,
but not high enough for difficult items and lower-performing test-takers. In another study (Greiff,
Niepel, Scherer & Martin, 2016) using students’ RT, it was revealed that spending an extremely low
or high level of time led to lower performance in complex problem-solving. Lee and Haberman (2016)
used RT to investigate test-taking behaviors in an international language assessment and found that
the behaviors and RTs of examinees from different countries did not generally follow a stable trend.
On the other hand, in their study, higher-performing examinees showed a more stable trend within
each country in terms of RTs. In another study by Dodonova & Dodonov (2013), the relationship
between cognitive ability and RT of individuals was examined using the RAPM test. The result of
their research showed that higher-performing individuals had lower RTs than lower-performing
individuals; however, this association changed in relation to more difficult items.

The aim of the current study was also to model RT as a characteristic of student performance and
examine the effect of the number of actions taken to solve a given item using the Programme for
International Student Assessment (PISA) 2015 data. In addition, the interaction between the students’
information and communications technology (ICT) competency, reading literacy, and log data (time
and number of actions) were examined in order to gain additional insights regarding the relations
between student performance and log data. An only a limited number of studies considered the
investigation of the interactions between log data and other possible indicators, such as reading ability
or technological competencies which can have a role in shaping this data. Thus, to provide more
information from students’ log data, the current study aimed to assess the relationships between RTs,
the actions taken to solve a given item, and student performance.

Considering the results of the above-mentioned research studies and the effort required to give correct
answers to the items in PISA, it was assumed, in this study, that RT has a positive effect on the overall
student performance. Therefore, it was expected that the more students spent time on items, the more
their probability of answering items correctly would increase. Since spending less time on items is
considered as rapid guessing and having lower levels of test engagement, it was also expected that
students with higher ability would spend more time on items. Moreover, it was also assumed in the
current study that RT increased depending on item difficulty regardless of students’ ability, given the
results of various studies (e.g., Goldhammer & Klein-Entink, 2011; Goldhammer et al., 2014; Klein-
Entink, Fox & van der Linden, 2009) indicating that the difficulty of items had a moderating effect on
performance. Moreover, students’ reading ability can affect RT when answering items, since an item
needs to be read before giving a response to the item. The interaction between reading performance
and time will vary depending on the reading load of the items. However, in the current study, it was
assumed that this interaction would have a negative effect on student performance. Apart from their
reading ability and understanding, the student’s RT also may be affected by the level of their ICT
competencies since during the process of solving the item in computerized tests, such as PISA, students
need to press buttons, drag and drop, and select lists (Organisation for Economic Cooperation and
Development-OECD, 2017a). Thus, it was expected that students having a lower ability on ICT would
spend more time on items, and it was assumed that the interaction between ICT competence and time
would negatively affect overall student performance.
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Although extensive research has been carried out on the relationship between RT and test-takers’
ability, a limited number of research (He, von Davier, & Han, 2018; Herborn, Stadler, Mustafi¢ &
Greiff, 2018) was found in the literature regarding how the number of actions taken to solve a given
item affect student performance. Since these studies were in the context of problem-solving behaviors,
additional research can be undertaken to find associations between the number of actions taken by
students while answering items during testing and students’ overall performance. In this way, it would
be possible to compare the effects of log data such as the number of actions in different types of
assessments. For instance, unlike paper-pencil assessments, students needed to undertake several
actions in order to answer the items in PISA 2015. Hence, it was expected that students engaging in
more actions on items would have a positive effect on overall student performance. Moreover, it was
also assumed that the number of actions increased depending on item difficulty regardless of the
students’ ability in this study. Moreover, students’ ICT competencies might have affected the number
of actions taken when answering items in PISA 2015. Students having higher ICT competence and
taking more actions to answer to items might be able to solve problems better, but for those with lower
ICT competence undertaking irrelevant actions would make no difference in answering the items
correctly. Thus, in this study, it was assumed that this interaction between ICT competence and the
number of actions would have positively affected student performance. Likewise, it was expected that
the interaction between the number of actions and reading would have a positive effect. In this sense,
the following four research questions were addressed:

1. Does time have a significant effect on overall student performance?

2. Does the interaction between reading, ICT competence, and time have a significant effect
on overall student performance?

3. Does the number of actions have a significant effect on overall student performance?

4. Does the interaction between reading, ICT competence, and the number of actions have a
significant effect on overall student performance?

METHOD

The aim of this study was to investigate the effects of log-data on students’ performance. To achieve
this aim, explanatory item response modeling was used. RT and the number of actions were modeled
as covariates. Sample, data collection instruments and data analysis are described in the following
section.

Sample

The sample consisted of students who participated in the triennial international large-scale assessment
of PISA in 2015, which assesses the key knowledge and skills of 15-year-old students, focusing on
reading, mathematics, and science literacy. PISA also uses questionnaires in order to obtain
information regarding various aspects of students, schools, and countries. In PISA 2015, apart from
students from schools in 15 countries unable to fulfill the technological requirements, all participants
completed the tests and questionnaires via computer. Thus, students’ log files were available in PISA
2015. In each cycle of PISA, one of the core domains is tested in detail, and in 2015, the major domain
was science.

In order to avoid item position effects, 2 348 students who answered 27 items in the same order in the
one cluster of the 91st test booklet, which was taken by the largest number of students, were chosen
for this study. However, some students had to be excluded from the analysis due to not having
completed/taken the ICT competency questionnaire (n = 635), having an extremely large number of
actions or RTs (n = 147); therefore, the final sample consisted of 1 566 students (51% female; )?age =

15.78, SD,ge = 0.29).
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Data Collection Instruments

Items

In PISA 2015, the scientific literacy items focused on three competencies (explain phenomena
scientifically, evaluate and design scientific enquiry, and interpret data and evidence scientifically)
(OECD, 2017b). In this cycle of PISA, some items required the completion of interactive tasks,
meaning that students need to manipulate, variables in simulation given on items (OECD, 2017a).
Each student first received two 30-minute booklets of science tasks and two 30-minute booklets for
the other domains (OECD, 2017c).

Since the 91st booklet was taken by the largest number of students in PISA 2015, the items in the one
cluster of this booklet were chosen for the current study. Of the items in this cluster, two polytomous
items, one item not having the timing data, and six items having low item discrimination values were
not included; therefore, only 18 science items were selected for the analyses. In this study, log data
regarding response times and the number of actions of those items were included. Response time
variable indicates how much time was spent answering each item and the number of actions variable
indicates how many actions were taken to answer a given item by students (such as clicks, keypresses,
and drag/drop events).

Reading literacy and ICT competence were also utilized as predictors in this study. Reading literacy
is defined by OECD (2017b) as “understanding, using, reflecting on and engaging with written texts,
in order to achieve one’s goals, develop one’s knowledge and potential, and participate in society” (p.
51). In PISA 2015, three aspects (access and retrieve, integrate and interpret, reflect and evaluate) were
defined to assess reading literacy by using mixed response format items. Students’ perceived ICT
competence was assessed by asking them several questions regarding their level of comfort in using
various digital devices (OECD, 2017b). An index variable was calculated from these responses for
each student in PISA 2015, and this index was used in the present study.

Data Analysis

To achieve the aim of the study, explanatory item response modeling (EIRM) framework based on
generalized linear mixed modeling (GLMM) (De Boeck et al., 2011; De Boeck & Wilson, 2004) was
used. With this framework, properties of items and persons are modeled as explanatory covariates in
order to explain individuals’ responses in a broader approach (Wilson, De Boeck & Carstensen, 2008).
In the context of EIRM, responses are treated as repeated observations nested within students. Unlike
traditional item response theory (IRT) models, EIRM allows including item- and person-level
covariates in the measurement model to explain variances in the latent abilities of individuals. In the
framework of GLMM, EIRM is the complex extension of the Rasch model (Rasch, 1960), “in which
the clustering of item responses within respondents is a function of item-specific fixed effects and one
person-specific random effect” (Briggs, 2008, p. 93). More detailed information about how GLMM is
formulated as a Rasch model can be found in Rijmen, Tuerlinckx, De Boeck, and Kuppens (2003) and
Briggs (2008).

In this study, RT and the number of actions were modeled as covariates separately. For data
preparation, time-variable was initially log-transformed as suggested in the literature in order to obtain
a better model fit (van der Linden, 2009). The number of actions, reading literacy, and ICT competence
variables were also normalized. Outliers (147 students) were excluded from data analysis. After this
process, the data was translated into the long format using the “reshape” package (Wickham, 2012) in
R (R Development Core Team, 2018).

For the study, first, the data fit was examined for the Rasch model by obtaining related fit indices and
checking other required assumptions. Since the Infit and Outfit indices for items ranged between 0.5
and 1.5 (De Ayala, 2009), the item fit was confirmed. For unidimensionality, the average RMSEA
value was found to be .03 less than .05, indicating that the data was fitted to a one-factor model. When

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 381
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

the local independence assumption was checked with Yen’s Q3 statistics, all residual correlations for
all pairs of items were found to be below .20, indicating that item responses are independent in the
data. These assumptions were examined using the “sirt” package (Robitzsch, 2019) in R. After the
assumptions were met, explanatory IRT models were tested using the “Ime4” package (Bates,
Maechler & Bolker, 2012) in R. Within the approach of Goldhammer et al. (2014, 2015) and as
described by Desjardins and Bulut (2018), all explanatory IRT models tested separately for time and
action variables in this study are as follows:

Model 0: response ~ -1 + time/action + (1 | id) + (1 | item)

Model 1: response ~ -1 + time/action + (1 | id) + (1 + time/action | item)

Model 2: response ~ -1 + time/action + (1 + time/action | id) + (1 + time/action | item)
Model 3: response ~ -1 + time/action * reading + (1 | id) + (1 | item)

Model 4: response ~ -1 + time/action * ictcom + (1 | id) + (1 | item)

These models were compared using Akaike’s information criterion (AIC) and Bayesian information
criterion (BIC) values.

RESULTS

According to the results of the initial analysis, all items were fitted to the Rasch model, and the
correlation between students’ abilities estimated using the selected items in this study and the
performance scores obtained from PISA was found to be .91. The coefficient Alpha value was
calculated as .81, meaning that the items had high internal consistency. The item statistics, item
parameters, and fit statistics are given in Table 1.

Table 1. The Item Statistics, Item Parameters, And Fit Statistics

ltem Item Difficulty Item Discrimination Item Easiness Outfit Infit
1 0.43 0.41 -0.33 1.15 111
2 0.44 0.49 -0.29 1.08 0.99
3 0.61 0.53 0.56 0.89 0.93
4 0.55 0.40 0.24 1.21 1.12
5 0.58 0.41 0.41 1.12 1.20
6 0.53 0.51 0.14 0.96 0.98
7 0.70 0.43 1.08 0.99 1.04
8 0.54 0.51 0.19 0.94 0.97
9 0.40 0.47 -0.52 1.02 1.02
10 0.70 0.52 1.06 0.91 0.90
11 0.41 0.50 -0.47 0.96 0.98
12 0.30 0.50 -1.02 0.89 0.94
13 0.84 0.39 2.05 0.86 0.93
14 0.53 0.58 0.16 0.86 0.89
15 0.56 0.46 0.32 1.05 1.04
16 0.49 0.49 -0.04 1.05 1.01
17 0.68 0.49 0.93 0.89 0.98
18 0.50 0.61 -0.01 0.79 0.85

Note: Item difficulty and discrimination were calculated based on classical test theory. Item easiness and item fit indices
were obtained according to the Rasch model in the framework of GLMM.

As shown in Table 1, the easiness of the items ranged from -1.02 to 2.05, with the average difficulty
being 0.24, which means that the items were of moderate difficulty overall. The results from EIRMs
about RT are presented in Table 2, and EIRM related to the number of actions are given in Table 3.
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Table 2. Results from EIRMs about RT

Predictor Model 0 Model 1 Model 2 Model 3 Model 4
Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)

Time 0.04*** 01 002 .01 0.02 .01 0.04*** .01 04*%** 01

Reading 1.17%** A7

Time*Reading -0.01 .02

ICT competency 0.15 A7

Time* ICT competency -0.01 .02

Var(ld) 1.15 1.11 0.12 1.15

Var(ltem) 0.56 11.60 0.57 0.56

*p <0.05 **p<0.01, ***p<0.001
Table 3. Results from EIRMs about the Number of Actions

Predictor Model 0 Model 1 Model 2 Model 3 Model 4
Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)

Action 0.33*%** 02 -0.15 .26 -0.18 .48 0.25*%** 02 0.32*%** 02

Reading 0.99*** .02

Action*Reading 0.07*** .02

ICT competency 0.07* .03

Action* ICT 002 02

competency

Var(ld) 1.10 1.09 111 0.13 1.10

Var(ltem) 0.78 0.54 0.55 0.74 0.78

*p < 0.05, ** p < 0.0, *** p < 0.001

As can be seen in the tables given above, the overall effects of RT and the number of actions were
statistically significant (Sime = 0.04, Baction = 0.33, p <.001). The positive effects indicated that students
spending more time on items and those taking more actions on items were more likely to answer the
items correctly. However, when RT and the number of actions were included as random effects in
addition to being fixed effects, the estimated effects of these variables were not significant (Sime =
0.02, Baction = -0.15, p > .05). This finding shows that the effects of RT and the number of actions were
not associated linearly with the abilities of students and difficulties of items. Thus, the results indicate
that the variation of RT and the number of actions taken by higher performing students on easy or
difficult items differed from those of lower-performing students on easy or difficult items. Thus, the
variability of RT and the number of actions was unequal across items and students.

The models including interactions between log data and reading literacy and ICT competency showed
that all interactions except the interaction between the number of actions taken and reading literacy
were found to be a non-significant predictor. This finding shows that students’ level of ICT
competency did not differ depending on RT and the number of actions taken by students in order to
answer the items correctly. However, students with higher reading literacy performance took a greater
number of actions.

Table 4. Model Fit Indices of the EIRMs about RT

Model AIC BIC Loglik Chisquare
Model 0 33240.0 33264.7 -16617.0 -
Model 1 33087.0 33128.1 -16538 157.06 ***
Model 2 33058.6 33116.3 -16522.3 32.313 ***
Model 3 31347.8 31388.9 -15668.9 1896.20 ***
Model 4 33237.8 33278.9 -16613.9 6.26 *

*p <0.05, **p<0.01, ***p < 0.001. Note: All other models were compared with Model 0
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Table 5. Model Fit Indices of the EIRMs about the Number of Actions

Model AlC BIC Loglik Chisquare
Model 0 33011.5 33036.2 -16502.8 -
Model 1 32966.3 33007.5 -16478.2 49.16 ***
Model 2 32957.4 33015.0 -16471.7 12.98 **
Model 3 31169.6 31210.7 -15579.8 1845.9 ***
Model 4 33008.2 33049.4 -16499.1 7.31*

*p <0.05, **p <0.01, ***p <0.001. Note: All other models were compared with Model 0

As seen in Tables 4 and 5, Model 3 showed the best fit in terms of AIC and BIC fit statistics. It should
be noted that Model 1 having a related variable as a random effect on item level seems to fit the data
better than other models.

DISCUSSION and CONCLUSION

The aim of this study was to assess the relationships between RTs, the number of actions taken to solve
a given item, and student performance. In addition, the interaction between the students’ ICT
competency, reading literacy, and log data (time and number of actions) were examined in order to
gain additional insights regarding the relations between student performance and log data. The results
of this study showed that students who spent more time on items and those that took more actions on
items were more likely to answer the items correctly. However, this effect did not have variability
across items and students.

In this study, it was assumed that RT and the number of actions had a positive effect on overall student
performance. As hypothesized, the results revealed that students spending more time on items and
those taking more actions on items were more likely to answer the items correctly. Moreover, it was
also assumed that RTs depended on item difficulty and student ability in the study. Unexpectedly, this
effect did not have variability across items and students, and broadly, this finding did not support the
findings from other studies (Dodonova & Dodonov, 2013; Goldhammer & Klein-Entink, 2011;
Goldhammer et al., 2015; Lasry, Watkins, Mazur & Ibrahim, 2013; Verbi¢ & Tomi¢, 2009), which
found a negative relationship between RT and abilities of individuals on a particular test. Furthermore,
they found that RT varied significantly across items and individuals having a different level of abilities;
however, since other studies investigated tests measuring cognitive skills, RTs may play a different
role in those tests. This inconsistency may be due to the item structure used in PISA. The science items
used in PISA have different features in terms of context than cognitive tests. Similarly, Lee and
Haberman (2016), investigating RT as a pacing and speediness indicator using PISA data sets, found
that the RTs of examinees from different counties were not following a stable trend in general. Similar
to items in PISA that measure not a cognitive structure but something more like an achievement in a
particular field, some studies (Klein-Entink et al., 2009) did not find a relationship between RT and
student performance on Scholastic Aptitude Test (SAT). Hence, it may be concluded that item types
and more specifically the aim of the test also affect RT. Another possible explanation for this could be
the testing conditions (Lee & Jia, 2014). As Goldhammer et al. (2014) stated, “when collecting time
information across tasks and individuals that are heterogeneous in difficulty and skill level,
respectively, the role of time and its interpretation may differ” (p. 624) and the same finding occurred
in this study. All the discussions undertaken concerning RT can be applied to the number of actions.
However, further evidence is certainly needed to understand the effect of the number of actions on
answering items. Given that all items were not released in PISA, future studies could use other types
of items and tests in which they can examine item features in more detail while looking for an effect
on RT and the number of actions.

In the present study, several effects of interactions were examined. It was assumed that the interaction
between RT, reading, and ICT competence would have a negative effect on student performance.
However, none were found to have a significant effect on student performance, and these results are
likely to be related to previous findings. Given the non-uniform distribution of RTs among items and
students, RTs of students having a higher reading ability or ICT competency would also have a

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 384



Yavuz, H. C./ The Effects of Log Data on Students Performance

similarly non-uniform distribution. The finding related to students’ reading ability supports the work
of Golhammer et al. (2014) and Petscher, Mitchell, and Foorman (2015). In the study by Petscher et
al. (2015), the variability of RTs of students having higher reading ability showed more functional
information compared to students with lower or moderate ability. On the contrary, Su and Davison
(2019) found that students with high reading ability had lower RTs while answering the items
correctly. However, since only science literacy items selected for this study, students’ abilities could
have played a different role in RTs on items. Moreover, this result may be due to the students’ test-
taking behaviors. Wise (2006) argued that students adopting rapid-guessing behavior spent less time
on items, especially those with a high reading load. As Wu, Chen, and Stone (2018) stated, students’
test-taking behavior is not a trait, but a reaction to that particular test, and students’ RTs and other
performances depend on test features. In this sense, non-significant interactions between those
variables cannot be ascribed to the other assessments, and PISA can be classified as a low stake
assessment. For that, future studies with similar purposes may use high stakes tests in order to explore
those interaction effects.

In the current study, it was also expected that the interaction between the number of actions, reading
competence, and ICT competence would have a positive effect on student performance. While the
interaction with ICT and the number of actions did not have a significant effect on overall student
performance, interaction with reading and the number of actions was found to have a positive effect
on the students’ overall performance. In this sense, it could be argued that ICT competence and the
number of actions do not have a relationship in terms of students’ likelihood of answering items
correctly. The study by Lasry et al. (2013) demonstrated that students with lower confidence spent
more time on items. Following the same logic, it was assumed that students’ ICT competence could
play a role in students’ performance together with the number of actions they had taken. This result is
likely to be related to the variation of those features among students with different levels of abilities.
On the contrary, a positive interaction effect between the number of actions and reading was found in
the current study. That is, the effect of the number of actions on the overall performance was higher
in students who possessed the higher reading ability. This may be due to students with a high reading
ability tending to take more actions by trying harder on items considering the high impact on the
overall science performance of the students.

The present study proposes that the effect of time does not have a uniform trend across items and
students. However, it should be noted that in this study, only a limited number of items were included
in order to avoid possible item position effects; thus, the results and interpretations of this study may
not cover all booklets used in PISA. Therefore, other types of research design should be implemented
in the future to generalize these findings. Many other interaction effects could be included in order to
explain the role of RT and the number of actions on students’ performance, as explained variances
found in the study suggest that there are further variables having a role in the students’ log data and
performance. Future studies can include other possible interactions to explain relationships between
those variables. Furthermore, it would be interesting to test the role of RT and the number of actions
with other IRT-based models. This could provide more detailed information to replicate this study,
allowing for not only multiple-choice items but also constructed response items to be included.
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Bilgisayar Ortaminda Kaydedilen Madde Yanitlama Verilerinin
Ogrenci Performansina Etkisi

Girig

Testlerin amacina veya icerigine bagli olarak, Ogrenciler farkli test yanitlama davraniglar
benimsemektedirler. Bu davranislart incelemek adina, psikometri alaninda birgok arastirma
yuriitillmistiir. Testlerin gelistirilmesinde ve uygulanmasinda teknoloji kullanimimin artmasiyla
birlikte Ogrencilerin test yanitlama davramiglarini daha detayli bir sekilde incelemek miimkiin
olmustur. Bu baglamda, egitimde bilgisayara dayali 6l¢gme uygulamalarinin artmasiyla bilgisayar
ortaminda kaydedilen log dosyalari!® (log files) zengin bilgi saglamaktadir.

Bir dgrenciye iliskin log dosyasina, dgrencinin bilgisayar ortaminda testi yanitlarken yaptigi tiim
islemler kaydedilmektedir. Log dosyalarinda kaydedilmis veriler log verileri adin1 almaktadir. Egitim
alanindaki log verileri de genellikle madde yanitlama verilerini igermektedir. Log verileri 6grencilerin
performansina ve biligsel davraniglarina iliskin farkli bakis agis1 sunmaktadir (Greiff, Wiistenberg, &
Avvisati, 2015). Yapilan caligmalarda 6grenci log verileri, gecerlik kanit1 elde etme (Lee & Jia, 2014;
Wise & DeMars, 2005), 6grenci performansiyla ilgili olasi iliskileri ortaya koyma (Goldhammer ve
digerleri, 2014; Greiff ve digerleri, 2015) ve 6grencinin biligsel olmayan yeterliklerini daha detayl
anlama (Azzolini, Bazoli, Lievore, Schizzerotto, & Vergolini, 2019) amaciyla kullanilmistir.

! Caligmada log olarak ifade edilen terimin Tiirkge karsilig1 olarak giinliik, kiitiik veya kayit terimlerine rastlamlmstir. Bu
terimler egitim disinda diger alanlara (6rn., bilgisayar, yazilim) 6zgii oldugundan dolay1, bu ¢alismada bu terimin s6z konusu
Tiirkge karsiliklart kullanilmamistir. Bu nedenle, Tiirk¢ce metinde log files, log dosyalar: ve log data, log veri olarak
kullanilmustir. Ayrica, ¢aligmada log veri, bilgisayar ortaminda kaydedilen madde yanitlama verileri olarak tanimlanmustir.
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Psikoloji ve psikometri alaninda, 6grencilerin log verileri arasinda en ¢ok yanitlama siiresi odak
noktast olmustur (Goldhammer, Naumann, & Greiff, 2015; Lee & Haberman, 2016). Yanitlama
stiresiyle 1ilgili olarak psikolojide bireylerin zihinsel aktivitelerini daha iyi anlama amaciyla
aragtirmalar yapilmistir. Ayrica psikometri alaninda da yanitlama siiresinin kullanimi giderek 6nem
kazanmaktadir (Schnipke & Scrams, 2002). Bunun nedeni, madde yanitlama siiresi, bireylerin
maddeyi yanitlama siirecine iligkin detayli bilgi saglamaktadir. Bu baglamda, yanitlama siiresi test
yanitlama motivasyonuna/bagliligina (Wise & DeMars, 2005), hizli-tahmin davranisina (Lee & Jia,
2014) iliskin bir gosterge ya da 6grenci performansinin karakteristik bir 6zelligi olarak incelenmistir.

Bireylerin belirli bir alandaki performanslari ile yanitlama siiresi arasindaki iligkiyi inceleyen zengin
bir alanyazin olmasina ragmen, bir maddeyi cevaplarken yapilan toplam eylem sayisinin grenci
performansini nasil etkiledigine iliskin sinirli sayida calismaya rastlanmistir (He, von Davier, & Han,
2018; Herborn, Stadler, Mustafi¢, & Greiff, 2018). S6z konusu ¢alismalar problem ¢6zme alaninda
gergeklestirildiginden dolayi, yanitlama siiresi disinda madde diizeyinde tutulan diger log verilerinin
Ogrenci performansiyla iligkisini inceleyen aragtirmalara ihtiyag duyulmamaktadir. Boylelikle, farkl
yapilardaki testlerde ne sekilde ve nasil log veri toplanilmasi gerektigine iliskin bulgular elde
edilebilir. Bununla birlikte, alanyazinda log verileri ile diger ilgili olabilecek degiskenlerin
etkilesimlerinin arastirildigr sinirli sayida arastirma bulunmaktadir. Bu nedenle, madde diizeyinde
tutulan log verilerinden daha fazla bilgi edinmek amaciyla, bu calismada 6grencilerin performansiyla
maddeyi yanitlama siireleri ve maddeyi yanitlarken yaptiklar1 eylem sayilari arasindaki iligkinin
Uluslararas1 Ogrenci Degerlendirme Programimin (Programme for International Student Assessment-
PISA) 2015 verileri kullanilarak incelenmesi amaglanmistir. Buna ek olarak, 6grencilerin ilgili log
verileriyle okudugunu anlama ve bilgi iletisim teknolojileri (BiT) yeterlikleri arasindaki etkilesim
etkileri de incelenmistir. Bu kapsamda, ¢alismada su sorulara yanit aranmigtir:

1. Madde yanit siiresi 6grencinin genel performansi iizerinde manidar etkiye sahip midir?

2. Okudugunu anlama, BIT yeterlikleri ile yanitlama siiresi arasindaki etkilesimler grencinin
genel performansi lizerinde manidar etkiye sahip midir?

3. Yapilan eylem sayisi 6grencinin genel performansi iizerinde manidar etkiye sahip midir?

4. Okudugunu anlama, BIT yeterlikleri ile eylem sayisi arasindaki etkilesimler dgrencinin
genel performansi lizerinde manidar etkiye sahip midir?

Yontem

Orneklem

Bu ¢aligmanin katilimeilarini her i yilda gergeklesen PISA 2015°teki katilimcilari olusturmaktadir.
Calismada, madde konum etkilerini (item position effects) onlemek icin PISA’da fen okuryazarligiyla
ilgili olan 27 maddeyi ayni1 sirada yanitlamis 2348 6grenci segilmistir. S6z konusu maddeler en fazla
Ogrenci tarafindan cevaplanan 91. test kitapgiginin bir formundan secilmistir. Calismaya dahil edilen
ogrencilerden 635’1 BIT yeterlik anketini almadigindan, 147’si de log verilerinin u¢ degerlerde olmas1
sebebiyle veri setinden ¢ikarilmistir. Bu nedenle, calisma 1566 (%51 kiz, Xyas =15.78, §Sy,45 = 0.29)
Ogrenci verisi lizerinde gerceklestirilmistir.

Veri toplama araglar

Maddeler: PISA 2015°te en fazla 6grenci tarafindan cevaplanan kitapgik 91. test kitapgigi oldugundan
dolay1, bu test kitap¢igindaki bir formda yer alan fen okuryazarligina iliskin 27 madde segilmistir. Bu
maddelerden iki tanesi ¢goklu puanlanan madde, alt1 tanesi diisitk madde ayirt ediciligine sahip oldugu
ve bir tanesi de yanitlama siiresine iliskin veriye sahip olmadigi i¢in ¢aligmaya dahil edilmemistir.
Boylelikle, calismadaki analizler toplam 18 madde kullanilarak yapilmistir. Calismada degisken
olarak, se¢ilen 18 maddeye ait yanitlanma siireleri ve bu maddeler {izerinde yapilan eylem sayilar1 da
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sec¢ilmistir. Yanitlama siiresi, 6grencinin her bir madde iizerinde ne kadar siire harcadigini
gostermektedir. Eylem sayisi ise Ogrencinin her bir madde iizerinde ne kadar sayida eylem
gerceklestirdigini gostermektedir. PISA 2015°te tiklama, tuslama, ekran iizerinde tutma veya ¢ekme
islemlerinin tiimii eylem sayis1 olarak kaydedilmistir.

Okudugunu anlama becerisi: Ogrencilerin PISA 2015’teki okudugunu anlama alaninda yanitladiklar:
maddelerden elde ettikleri basari puanlaridir. Ekonomik Kalkinma ve Isbirligi Orgiitii bazen de iktisadi
Isbirligi ve Gelisme Teskilat1 (Organisation for Economic Co-operation and Development-OECD)
(2017) tarafindan okudugunu anlama becerileri bireyin yazili metinleri kullanarak, {izerinde
diistinerek, anlayarak amaglarimi gergeklestirme, bilgisini ve potansiyelini gelistirme ve toplum
icerisinde katilimina yonelik beceriler olarak tanimlamaktadir.

BIT yeterliligi: Ogrencilerin BIT yeterliligi, onlarin ¢ok gesitli dijital aletleri kullanim yeterliklerine
iliskin maddelerden alinan yanitlarla dl¢iilmistir (OECD, 2017b). PISA 2015’te 6grencilerin bu
maddelere verdigi yanitlardan indeks degiskeni gelistirilmistir. Bu ¢aligmada da bu indeks degiskeni
kullanilmgtir.

Verilerin analizi

Verilerin analizinde genellestirilmis dogrusal karma model (generalized linear mixed modelling-
GLMM) yontemi kapsamindaki agimlayict madde tepki modeli (explanatory item response modelling-
EIRM) (De Boeck ve digerleri, 2011; De Boeck & Wilson, 2004) kullanilmistir. Bu yontem
cercevesinde, madde ve birey Ozellikleri, bireylerin yeteneklerini daha detayli agiklama amaciyla
acimlayici degiskenler (explanatory covariates) olarak modele alinabilmektedir (Wilson, De Boeck &
Carstensen, 2008). EIRM’de maddeler bireylerden elde edilmis tekrarli Olgiimler olarak
modellenmektedir. EIRM’de, geleneksel madde tepki kurami (MTK) modellerinin aksine madde ve
birey diizeyinde yordayici degiskenler de eklenerek bireylerin ortiikk yeteneklerindeki varyans
belirlenebilmektedir.

Bu ¢aligmada, 6ncelikli olarak s6z konusu modeller i¢in varsayimlar test edilmistir. Verilerin Rasch
modeline uymasi igin gereken uyum istatistik degerleri hesaplanmistir. Uyum istatistiklerinin ve
varsayimlarin gereken kosullar1 saglamasindan sonra, acimlayicti madde tepki modelleri R
programinda “Ime4” paketi (Bates, Maechler & Bolker, 2012) kullanilarak test edilmistir.
Goldhammer ve digerlerinin (2014, 2015) yaklasimi ¢er¢evesinde, Desjardins ve Bulut’ta (2018)
aciklandig1 sekliyle, tiim agimlayicit madde tepki modelleri yanitlama siiresi ve eylem sayisi i¢in ayri
ayr1 su modeller kullanilmigtir:

Model 0: yanit ~ -1 + zaman/eylem + (1 | birey) + (1 | madde)

Model 1: yamit ~ -1 + zaman /eylem + (1 | birey) + (1 + zaman / eylem | madde)

Model 2: yanit ~ -1 + zaman /eylem + (1 + zaman /eylem | birey) + (1 + zaman /eylem | madde)
Model 3: yanit ~ -1 + zaman /eylem * okuma+ (1 | birey) + (1 | madde)

Model 4: yanit ~ -1 + zaman /eylem * bit + (1 | birey) + (1 | madde)

Sonug ve Tartisma

Caligma kapsaminda kurulan ilk modelin sonuglarina gore madde {izerindeki yanitlama siiresinin ve
yapilan eylem sayisinin dgrencinin genel performansi lizerinde pozitif ve manidar bir etkiye sahip
oldugu belirtilebilir (Bime = 0.04, Paction = 0.33, p < .001). Bu bulgulara gore dgrencilerin bir madde
iizerinde daha fazla zaman harcamasi veya daha fazla eylemde bulunmasi onlarin maddeleri dogru
yanitlama olasiliklarini arttirmaktadir. Bununla birlikte, yanitlama siiresi ve eylem sayisiin sabit
etkilerine ek olarak tesadiifi etkilerine bakildiginda, kestirilen etkilerin manidar olmadigi tespit
edilmistir (Biime = 0.02, Baciion = -0.15, p > .05). Bu bulgu maddeyi cevaplamada uzun ya da kisa siire
geciren ve maddeyi cevaplarken daha fazla sayida ya da az sayida eylem yapan 6grencilerin yetenek
diizeyleri arasinda iliskinin sabit olmadigin1 gostermektedir. Baska bir ifadeyle, 6rnegin yiiksek
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yetenek diizeyinde olan Ogrencilerin kolay ya da zor maddeler iizerinde gecirdigi siirenin
degiskenliginin diger 6grencilere gore daha farkli oldugu belirtilebilir. Benzer sekilde, yiiksek yetenek
diizeyinde olan Ogrencilerin kolay ya da zor maddeler ilizerinde yaptigi toplam eylem sayisinin
degiskenliginin diger 6grencilere gére daha farkli oldugu belirtilebilir. Ozetle, dgrencilerin madde
iizerindeki yanitlama siiresi ve eylem sayisiyla, 6grenci performanslar1 ve maddeler arasinda dogrusal
bir iligki bulunmaktadir. Bagka bir ifadeyle, yanitlama siiresi ve eylem sayisinin degiskenligi maddeler
ve Ogrenciler arasinda benzerlik gostermemektedir. Yanitlama siiresiyle ilgili olan bulgular,
alanyazindaki bazi calismalarla paralellik gostermemektedir (Dodonova & Dodonov, 2013;
Goldhammer ve digerleri, 2015; Goldhammer & Klein-Entink, 2011; Lasry, Watkins, Mazur &
Ibrahim, 2013; Verbi¢ & Tomi¢, 2009). Bunun nedeni, bu ¢alismalarda kullanilan testlerin daha ¢ok
bireylerin zihinsel becerilerini lgmeye yonelik olmasi olabilir. Ciinkii PISA testlerinin kullanildig:
bir bagka ¢alismada bu galismanin bulgusuna benzer bir bulguya ulasilmistir (Lee & Haberman 2016).
Benzer sekilde, 6grencilerin belirli alanlardaki basarilarina odaklanan bir bagka calismada da benzer
sonuglar elde edilmistir (Klein-Entink, Fox & van der Linden, 2009). Buradan hareketle, yanitlama
siiresinin farkli testlerde farkli rolleri iistlendigi ve farkli yorumlandig: belirtilebilir (Goldhammer ve
digerleri, 2014).

Caligmada incelenen etkilesim etkilerinden sadece eylem sayisi ve okudugunu anlama arasindaki
etkilesimin pozitif yonde manidar etkisinin oldugu bulunmustur. Okudugunu anlama becerileri yiliksek
olan 6grencilerin madde {izerinde daha fazla eylemde bulundugu belirtilebilir. Bu durum, okudugunu
anlama becerileri yiiksek olan 6grencilerin genel olarak fen okuryazarliginda da basarili olmasi ile
aciklanabilir. Ayn1 zamanda, bu ¢alismada 6grencilerin BIT yeterlikleriyle madde yanitlama siireleri
veya maddede yapilan eylem sayilar1 arasinda herhangi bir iliskinin olmadigi belirlenmistir.

Bu ¢aligmanin bulgulart sinirliliklar ¢ergevesinde degerlendirilmelidir. Caligmada, PISA 2015°te yer
alan tek bir kitap¢igin bir formundaki sinirli sayida madde ele alinnustir. ileride yapilacak calismalar,
madde konum etkilerini de goze alarak daha fazla sayida kitapcik ve madde {izerinde yiiriitiilebilir.
Ayrica bu ¢aligmada ele alinmayan diger log verileri ile ilgili olabilecek degiskenlerle etkilesim etkileri
incelebilir. Bunun yaninda, sadece ¢oktan segmeli maddeler yerine agik uglu maddeler {izerinde de log
verilerinin etkileri arastirilabilir.
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Abstract

The purpose of the study was to examine the student-level and school-level variability that affect middle school
students’ academic achievement. Student background and school context on student academic achievement were
examined. Participants of the study consisted of 1053 seventh and eighth grade middle school students from 10
schools in the cities of Ankara and Sinop, Turkey. The research study analysed using two-level hierarchical linear
modeling (HLM). Data were analysed with three HLM models: (1) random effects one-way ANOVA model, (2)
random coefficients regression model, (3) intercepts and slopes-as outcomes model. The results of the analyses
showed that at the student level, gender, SES, and number of siblings were found to have statistically significant
effects on student GPA. When considering the practical importance of student level variables, SES, and number
of siblings have small effects, but gender has a moderate effect on students’ school achievements. On average,
female students perform higher than male students in terms of their GPA scores. At the school level, educational
school resources have a significant effect on predicting academic achievement. It has been shown that school
resources have a moderate effect on students’ academic achievements.

Key Words: Hierarchical linear modeling, academic achievement, student GPA, gender, SES, school resources.

INTRODUCTION

Academic achievement is one of the most important determinants of education quality. Educational
researchers agree that many factors have an impact on students’ achievements (Borkan & Bakis, 2016;
Coleman et al., 1966; Engin-Demir, 2009; Gelbal, 2008). To monitor the quality of education,
educational assessment studies associated with academic achievement are taken into consideration in
many countries. Therefore, studies related to the determinants of student achievement are dramatically
increased over several decades. Student achievement depends on several factors, such as individual
factors, family factors, school factors.

The research studies have shown that student characteristics such as gender, age, motivation, attitudes
towards courses, self-efficacy, students’ efforts, being bullied at school have significant impacts on
academic achievement (Engin-Demir, 2009; Gevrek & Sieberlich, 2014; Ma, 2001; Ozberk, Atalay-
Kabasakal & Boztung-Oztiirk, 2017, Yavuz, Demirtash, Yalcin, & Ilgiin-Dibek, 2017). Family
background characteristics such as family socioeconomic status (SES), family size or number of children
in the family, and parental education are related to educational achievement (Alacac1 & Erbas, 2010;
Borkan & Balkis, 2016; Downey, 2001; Engin-Demir, 2009; Kalender & Berberoglu, 2009; Ministry of
National Education-MoNE, 2007). The students whose families have a lower status, a lower level of
education, and a bigger size are more likely to have lower academic performance in schools (Gamboa
& Waltenberg, 2012; Willms, 1996). On the other hand, some students with low SES are able to show
much higher academic performance than their peers with high SES (Erberber et al., 2015; Organisation
for Economic Co-operation and Development-OECD, 2011; Ozberk et al., 2017). These students are
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called as academically resilient students. Research studies have shown that family characteristics are
strong effects on student achievement whereas school characteristics have weak effects (Baker,
Goesling, & Letendre, 2002; Brooks-Gunn and Duncan, 1997; Coleman et al., 1966; Heyneman &
Loxley, 1983). However, there has been considerable debate on whether school characteristics have a
significant effect on student outcomes (Chevalier & Lanot, 2002; Hanushek, 1997). Several research
implied that in some contexts, school resources and teacher characteristics have a significant impact on
student achievement (Atar, 2014; Bilican-Demir, 2018; Darling-Hammond, 2000; Glewwe, Kremer,
Moulin & Zitzewitz, 2004; Leon & Valdivia, 2015; Phan, 2008; Sweetland & Hoy, 2000; Tavsancil &
Yalgin, 2015; Yavuz et al., 2017). School characteristics, especially in developing countries, determine
the school quality. To examine school effects, different strategies can be used in the studies such as
student-teacher ratio, school size, class size, instructional materials, teacher quality, school resources
(libraries, labs, computers, etc.) (Leon & Valdivia, 2015; Willms & Somers, 2001). The results indicated
that schools with better physical facilities (e.g., libraries, labs, textbooks) and qualified teachers,
especially for developing countries, contribute positively to increase student achievement (Alacact &
Erbas, 2010; Baker et al., 2002).

Assessment of Student Achievement

Several methods can be used to assess student achievement. Final grades or grade point average (GPA)
are generally used for students’ achievements at school. On the other hand, standardized achievement
tests are also used to assess student achievement (Petrill & Wilkerson, 2000). International educational
large-scale assessments such as The Trends in International Mathematics and Science Study (TIMSS),
Programme for International Student Assessment (PISA), and Progress in International Reading
Literacy Study (PIRLS) and national large-scale assessments are generally used to evaluate student
achievement. Numerous studies have been conducted in Turkey to examine student achievement on
TIMSS, PISA, or PIRLS data (Akyliz, 2014; Alacact & Erbasg, 2010; Anil, 2009; Atar, 2014; Atar &
Atar, 2012; Dincer & Uysal, 2010; Ozberk et al., 2017; Ozdemir, 2016; Yal¢in, Demirtasls, Ilgiin-Dibek,
& Yavuz, 2017). However, a few studies conducted in Turkey to examine student academic achievement
on national large scale assessment such as Placement Test Results (SBS), Student Achievement
Determination Exam (OBBS), Transition from Primary to Secondary education (TEOG) or on students’
GPA in schools (Borkan & Bakis, 2016; Ciftei, 2015; Engin-Demir, 2009; Gelbal, 2008; Yavuz, Tan &
Atar, 2019).

The literature showed that academic achievement and its relationship with student characteristics and
school characteristics is one of the enduring issues. Student characteristics such as gender, SES, number
of siblings were examined in the study since these variables are mostly used contextual variables and
likely to influence educational achievement. To determine whether school characteristics make a
difference in student achievement, three categories (school size, student-teacher ratio, school resources)
were measured. Therefore, the aim of the study was to provide empirical evidence on the relationship
between student and school characteristics and student GPA in Turkey. Multilevel modeling was used
to assess these factors on student achievement. Four research questions were investigated in the study:

1. How much do schools differ in their mean academic achievements?

2. How much do schools differ regarding the association between student level variables (i.e.,
gender, SES, number of siblings) and academic achievement?

3. Are school level variables (school size, student-teacher ratio, school resources) significant
predictors of mean academic achievement?

4. Are school level variables (school size, student-teacher ratio, school resources) significant
predictors of within school associations?
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METHOD

Sample and Data

The study group included 1053 Grade 7 and Grade 8 students from 10 public middle schools in the cities
of Ankara and Sinop, Turkey. A typical case sampling method was used to represent the average of
middle school students in the province of Ankara and Sinop (Biiyiikoztiirk, Cakmak, Akgiin, Karadeniz
& Demirel, 2008). The participants consisted of 512 females (48.6%) and 541 males (51.4%). The
average age was 13.46 years, and age range was between 12-15.

Data Collection Instrument

1053 middle school students in 10 schools have completed survey questions which including only
demographic questions. Several demographic questions (gender, SES, number of siblings) were asked
to the students in the survey. While some of the variables were categorical, some others were continuous.
Variables that are thought to affect student achievement were determined. Gender, SES, and the number
of siblings were assigned as student level variables. School size, student-teacher ratio, and educational
resources were assigned as school level variables. School level variables were obtained from the
Ministry of National Education (MEB) e-school system. Students’ GPA as composite achievement
scores were obtained from school administrative records. In schools, teacher-based exams are applied
to students and GPA affects students' high school placement results.

Students’ GPA scores were included as a continuous dependent variable in the HLM analyses. Since
gender is a dummy variable, female students were coded as 1, and male students were coded as 2. SES
was measured with parental income. Students were asked to provide information about their family’s
SES in the survey. SES was ranged from lower to upper as low SES, lower-middle SES, middle SES,
upper-middle SES, and high SES. This variable was coded as low = 1, lower-middle = 2, middle = 3,
upper-middle = 4, and high = 5. Educational resources (e.g. music room, art room, computer lab, science
lab, library, conference room, atelier, sports room) in schools were examined. Scoring school resources
was ranged from the highest score (8) to the lowest score (1). Schools’ scores between 7-8 score, 5-6
score, 3-4 score, and 1-2 score were categorized as a lot (4), some (3), little (2), and very little (1),
respectively. Therefore, SES and educational resources have been considered as ordinal variables. The
number of siblings, school size, and student-teacher ratio were continuous variables in the study. School
size was measured by the number of students per school. The student level and school level variables
have shown in Table 1. The mean values of categorical variables such as gender, SES, and educational
resources represent the proportion of frequency of these variables in Table 1.

Table 1. Descriptive Statistics for Variables

Variables N Mean Sd
Student level

Gender 1053 151 0.50
SES 1053 3.36 0.76
Number of Siblings 1053 2.34 0.96
School level

School Size 10 492.30 181.37
Student-teacher ratio 10 13.40 1.77
Educational resources 10 2.70 0.82
Outcome variable (GPA) 1053 83.94 12.10

Design of the Study

This study aimed to examine the effects of variables at the student level and school level on middle
school students’ academic achievement in Turkish public schools. Due to the nested nature of data, the
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Hierarchical Linear Modeling methodology was used in the present study. Conducting HLM analysis
for nested structure of data helps to prevent making a Type | error and biased results (Gill, 2003;
Osborne, 2000; Raudenbush & Bryk, 2002). HLM helps to determine the direct effects of variables at
individual level and student level (Hox, 1995). For HLM analysis, adequate sample sizes must be
obtained. There are several suggestions about the number of groups required for multilevel model
(MLM) studies. The minimum cluster size of 20 (Tabachnick & Fidell, 2014), cluster size of 30 (Kreft,
1996), or even cluster size of 50 (Hox, 1998, 2010) is recommended in MLM studies. Moreover, the
simulation studies advise that multilevel model should not be used if the number of clusters less than 10
(McNeish & Stapleton, 2016; Snijders & Bosker, 1993). When using small sample size for MLM
studies, restricted maximum likelihood or Kenward-Roger adjustment is recommended to reduce biased
estimates (Boedeker, 2017; McNeish & Stapleton, 2016). In this study, maximum and minimum number
of students in schools was 235 and 68, respectively. Two-level models are analyzed using restricted
maximum likelihood estimation by default in HLM 7 software (Raudenbush, Bryk, Cheong, Congdon
& du Toit, 2011).

Data Analysis

For HLM analysis, the two-level model was applied that student level was at the first level, and school
level was at the second level. Student variables as the lowest level of the hierarchy are nested within
schools (level 2). Analyzing the level 1 (student level) and level 2 (school level) regression relationship
helps to determine the relationship between the predictors and outcome variables (Woltman, Feldstain,
MacKay & Rocchi, 2012). Each level in the hierarchical structure has its own sub-model that explains
the relationships among the variables. The student level factors in the HLM analyses included gender,
SES, and family size (number of siblings). School level factors were school size, student-teacher ratio,
and educational recourses. Before the analysis, the assumptions of HLM were checked. The normality
of error terms (level 1 residuals and level 2 residuals) was assessed (Raudenbush et al., 2011). QQ plots
showed that the residuals are normally distributed.

The HLM modelling consisted of three steps. In the first step, null (unconditional) model with random
effects ANOVA model was created with only student level outcome variable but not included predictors
at student level and school level. It gives the proportion of variance in middle school students’ academic
achievement among schools. The variance of students’ GPA scores was analyzed at the individual level
and also at school level. Student level variables were centered around their group means, and school
level variables were centered around their grand means in the HLM analysis. Centering can help the
interpretation of the model intercepts easily by transforming these scores (Enders & Tofighi, 2007;
Raudenbush & Bryk, 2002).

Random effects one-way anova model

Equations for random effects Anova model regarding this study are as follows:
Level 1 Model (Student Level): Y;; = o+ 13j

Level 2 Model (School Level): By;j=voo + uo;

In student level model, Y;; refers to GPA of student i in school j. B, refers to the mean of student GPA
in school j, and r;; refers to deviation of student GPA in school j from mean student GPA of school j.
Yoo IS the grand mean of student GPA of j schools, and uy; is the deviation of the mean of student GPA
of school j from grand mean of student GPA.

Random coefficient regression model

In the model, the independent variables (gender, SES, number of siblings) were examined to determine
whether they have a significant effect on students’ GPA, on average. Equations for random coefficient
regression model are as follows:
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Level 1 model:
Yij= Boj + Brj(gendery;) + B2;(SES;j)* Bsj(number of sibling;;) + 1
Level 2 model:
Boj= Yoo + Uo;
B1j= V10 * Uy
B2j= V20 + Uy

B3j= V30 * Usj

Intercepts and slopes-as outcomes model

Intercept and slope coefficients are outcomes in the model. This model also called as full model since
both student level and school level variables were included. Equations for intercepts and slopes-as
outcomes model regarding this study are as follows:

Level 1 model:
Yij= Boj *+ Brj(gendery;) + B, (SES;j)+ s j(number of sibling;;) + 1y;
Level 2 model:

Boj = Yoo + Yoi(schoolsize) + yo,(student — teacher ratio) + y3(school recources) + uy;
B1j= Yo+ Wi
B2j = Y20+ Uzj

Bs3j= V30t Usj
RESULTS

Results of The First Research Question (How much do schools differ in their mean academic
achievements?):

The random-effects Anova model determines whether there is enough school variance to justify the use
of multilevel analysis for data set. None of the predictors at level 1 and level 2 here are included in the
null (unconditional) model. The result of the one way ANOVA with random effects were presented in
Table 2.

Table 2. Estimation of Fixed Effect on Anova Model

Fixed Effect Coefficient Standard Error t ratio df
Average GPA.,, Vo0 83.07 1.52 57.50%* 9
**p <001

Table 3. Estimation of Random Effects Anova Model

Random effect Variance 12 df
School level, u; 21.54 116.07** 9
Level 1 effect, ry; 133.67
**p<.001
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According to Table 2, overall school mean was 83.07 with 1.52 standard error. And in Table 3, the
within-school variance was estimated as 133.67. The between-school variance was estimated as 21.54.
The results showed that school level variance was statistically significant (39 = 116.07, p < .001).
Indicating that mean student GPA was significantly varied among schools. The null model also provides
the estimate of the intraclass correlation coefficient. The intraclass correlation coefficient (ICC) was
calculated to indicate the proportion of variance in student GPA among schools. The intraclass
correlation was calculated as pp = Tog / (Tgo + 02) = 21.54 / (21.54 + 133.66) = .14 which indicated
that 14% of total variance in student GPA was accounted for by differences among schools. 86% of the
variability in student GPA resulted from the within-school variance. It has been found that estimated
ICC value was larger than threshold of 5% (Bliese, 2000). The result suggested that HLM analysis is
necessary for the nested data.

Results of the Second Research Question (How much do schools differ regarding the association
between student level variables (i.e., gender, SES, number of siblings) and academic achievement?):

Table 4 and Table 5 showed that the results obtained from the random coefficient model analysis.

Table 4. Estimation of Fixed Effects on Random Coefficient Model

Fixed effect Coefficient Standard Error t-ratio df Effect size
Average GPA, y40 83.07 1.43 57.84** 9

Gender, y10 -4.82 1.17 -4.09* 9 43

SES, v20 1.08 0.44 2.42% 9 10
Number of Sibling, y3, -1.28 0.47 -2.74% 9 A1

**p < .001; *p<.05

Table 5. Estimation of Variance Components on The Random Coefficient Model

Random effect Variance Standard Deviation 12 df
School level, u,; 21.46 4.63 121.48** 9
Level 1 effect, ry; 124.94 11.17

** p <.001

The findings indicated that the mean effects of the gender, SES, and number of siblings on student GPA
were statistically significant. The independent variables had a significant effect on students’ GPA scores
at the student level. The mean slope values associated with the independent variables were estimated as
-4.82, 1.08, -1.28, respectively. Negative coefficient value for gender suggests that on average, female
students’ GPA scores were about five points higher than male students when holding other variables
constant (y10= -4.82). And also on average, one unit increase in number of siblings, student GPA score
decreased one point when controlling all other variables (yso = -1.28). It indicated that number of siblings
was negatively correlated with student GPA score. On the other hand, SES positively contributed to
students” GPA scores (y20 = 1.08). The effect size of each variable was also estimated to interpret the
practical significance of variables (Kelley & Preacher, 2012). The effect size of each variable was
estimated as .43, .10, and .11, respectively. Female students’ GPA on average is 0.43 standard deviation
higher than that of male students. It means that gender variable has moderate effect on student GPA. On
the other hand, SES and number of siblings variables on academic achievement have a small effect
(Cohen, 1992).

After student level variables were added to the model, within-school variance was reduced from 133.67
to 124.94. The results suggested that these variables in students’ GPA scores explain only 7% of within-
school variability (r>=.07).
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Results of the Third Research Question (Are school level variables (school size, student-teacher ratio,
school resources) significant predictors of mean academic achievement?)

The results of the intercepts and slopes as outcomes model for fixed effects were presented in Table 6.

Table 6. Results of The Fixed Effect in the Full Model

Fixed effect Coefficient Standard Error t-ratio df Effect Size
Intercept (GPA), ¥ oo 83.03 1.24 66.65** 9

Student level

Gender, ¥1pn -4.66 1.04 -4.44* 9 -.40

SES, ¥a0 1.07 0.44 2.39* 9 .09
Number of Sibling, ¥ 3o -1.25 0.48 -2.60* 9 -.10
School level

School size, ¥ g1 0.003 0.005 0.67

Student-teacher ratio, }pa -0.79 0.36 -2.19 6

School resources, ¥ a3 311 1.00 3.09* 6 27

**p<.001; *p < .05

At the student level, gender, SES, and the number of siblings were found to have a significant impact
on student GPA. The coefficient values of independent variables were estimated to be -4.66, 1.07, and
-1.25, respectively. Negative coefficient value for gender suggests that on average, female students’
GPA scores were about five points higher than male students when holding other variables constant
(y10=-4.66). And also on average, one unit increase in number of siblings, student GPA score decreased
one point when controlling all other variables (yso= -1.25). It indicated that number of siblings was
negatively correlated with student GPA score. On the other hand, SES positively contributed to students’
GPA scores. At the school level, only school resources found to have statistically significant effect on
mean academic achievement (p = 0.021). It suggested that school educational resources were positively
related to students’ academic performance. And also the effect sizes of the variables at student level and
school level were estimated. Effect sizes for student variables were found -0.40, 0.09, and -0.10,
respectively. While gender variable had medium effect on student GPA, SES and number of siblings
variables had small effect on student GPA. At the school level, effect size of school resources indicated
that an increase of one standard deviation in school resources would result in an increase of 0.27 standard
deviation in the school mean student GPA. It showed that school resources had approximately medium
effect on academic achievement.

Results of the Fourth Research Question (Are school level variables (school size, student-teacher
ratio, school resources) significant predictors of within school associations?)

The results of the intercepts and slopes as outcomes model for random effects were presented in Table
7.

Table 7. Estimation of Variance Components on the Full Model

Random effect Variance Standard Deviation v df

School level, uy; 19.23 4.38 122.92** 6

Level 1 effect, ry; 124.96 11.17 9
**p <.001

According to Table 7, adding student level and school level variables to the null model decreased school
variability from 21.54 to 19.23. This finding indicated that school level variables explained 11% of the
between-school variability in students” GPA scores. And also student variance in the full model
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decreased between from 133.67 to 124.96. It showed that student level variables explained 7% of the
within-school variability in students’ GPA scores. In comparison with the null model, final model
explained approximately 7% of the variance at the student level, and 11% of the variance at the school
level and remaining variability is still statistically significant (p < .001).

DISCUSSION and CONCLUSION

This study empirically investigated the effects of student characteristics and school characteristics on
the academic achievement of middle school students in Turkey. The findings indicated that student
characteristics including gender, SES, and the number of siblings have significant effects on academic
achievement. Student variables explained 7% variance in academic achievement. Gender has strongly
significant effect on student academic achievement. Female students had higher average GPA scores
than male students after controlling other variables. This finding is consistent with several studies
(Borkan & Bakis, 2016; Dayioglu & Tiiriit-Asik, 2007; Engin-Demir, 2009; Ferreira & Gignoux, 2010;
Gevrek & Seiberlich, 2014; Giivendir, 2014; Van Houtte, 2004). For example, Engin-Demir (2009)
studied with sixth, seventh, and eighth grade students to investigate factors influencing their academic
success by using their GPA. This study found that gender is the most important factor among student
characteristics. On average, female students had higher achievement scores than male students in that
study. Dayioglu and Tiriit-Asik (2007) examined the gender gap in academic performance for
undergraduate students. They found that female students outperform male students in cumulative GPA,
but the gender gap in university entrance exam scores was in reverse. Several reasons may explain why
female students outperform male students in schools. Their attitudes and self-efficacy toward school,
sense of school belongings, academic motivation, their efforts toward courses influence female and male
students’ academic achievement differently (Batyra, 2017; Engin-Demir, 2009; Gevrek & Seiberlich,
2014; Johnson, Crosnoe & Elder 2001; OECD, 2016; Van Houtte, 2004; Veenstra & Kuyper, 2004).
Besides, gender equity for school achievement is very important. Turkey has made great efforts to
advance gender equity since 2000. Since school enrollment, especially for females, has increased in
primary and secondary education, gender differences in academic achievement are disappearing
progressively in Turkey. The result of the present study may also show the positive effects of projects
related to gender equity in schools throughout Turkey (The United Nations Children's Fund-
UNICEF,2016). On the other hand, female students tend to show lower performance than male students
in some subjects, especially in science and maths (Atar & Atar, 2012; Berberoglu, 2004; Chiu & Xihua,
2008; Farkas, Sheehan, & Grobe, 1990; Wo6Bmann, 2003). Literature generally showed that gender
differences exist in academic performance of students all around the world. Therefore, more research is
needed to examine gender gap in academic achievement for gender equity in education.

Although effect sizes are small, the effects of the number of siblings and SES on academic achievement
were significant. It was found that low SES students are more likely to get a lower GPA. Similarly, vast
majority of research revealed that the students living in a low socio-economic status family show poorly
performance in schools (Alacact & Erbas, 2010; Atar & Atar, 2012; Aypay, Erdogan, & Sozer, 2007;
Bellibas, 2016; Dincer & Uysal, 2010; Flores, 2007; Gelbal, 2008; Kalaycioglu, 2015; Ma & Klinger,
2000; Perry & McConney, 2010; Sirin, 2005; Smits & Hosgor, 2006). Sirin (2005) used meta-analysis
to examine the family effects on academic achievement. The results showed that socioeconomic
structure has a medium to strong impact on academic achievement. The author suggested that to prevent
overestimating the effects of SES using multiple components of SES (e.g. income, education, and
occupation) is important. The present study also showed the negative siblings effects on academic
achievement. Especially in developing countries and western countries, a negative relationship exists
between large number of siblings and educational outcomes (Buchmann & Hannum, 2001; Downey,
2001; Gelbal, 2008).

The impacts of school variables on academic achievement were examined. The findings revealed that
approximately 11% of the variation in student GPA was explained by differences among schools. School
quality was measured with school size, teacher-student ratio, and school resources. The effect of
educational resources of schools (e.g., library, computer labs, science labs, music room) on academic
achievement was moderate. School size and teacher-student ratio had no statistically significant effect
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on student achievement. The research findings showed that the effect of school resources on academic
achievement was significant. However, there is no consensus about the effect of school resources on
academic achievement. While most of the research found that school characteristics do not have
significant effect on educational achievement research in developed and developing countries (Coleman
et al.,1966; Hanushek, 1997; Hanushek & Luque, 2003), some research emphasized that school
resources are associated with student outcomes especially in developed countries (Card & Krueger,
1996; Fuller & Clarke, 1994; Glewwe et al.,2004; Leon & Valdivia, 2015; Ozberk et al., 2017). Leon
and Valdivia (2015) concluded that when the distribution of schools was unequal, the influence of school
characteristics on academic achievement was significant in developing countries. The authors suggested
that improving school quality especially in poorer areas can help to close gender gap and socioeconomic
gap in student achievement. The school with better physical environment is positively related to student
outcomes (Adeogun & Osifila, 2008; Krueger, 2003; Parcel & Dufur, 2001). The present study showed
that increases in educational resources in schools have a significant impact on student academic
achievement. Therefore, this study suggests that investigating the determinants of student achievement
is crucial to increase quality of education. More progress should be made to decrease the achievement
gap in schools with educational policy movements in Turkey.

The study has also some limitations. Not many variables at student level and school level that effect
student GPA were examined in this study. Student characteristics were measured with middle school
students’ background (demographic variables). However, it is also useful to examine the effect of other
student variables on academic achievement (e.g. personality, intelligence). To determine the quality of
schools, numerous resources can be considered such as teacher quality, institutional quality, physical
resources, etc. School characteristics were measured into three categories in the present study. More
variables should also be considered to measure school quality in further studies. School SES,
geographical distribution of schools, school types, which may also potentially impact educational
attainment, can also be considered in further studies. More research is needed to investigate the
determinants of student achievement. Another limitation of this study was using self-reported data
except students’ GPAs. And also in the study, acceptable low limit to sample size at group level was
used. Since getting larger groups is difficult for several reasons, the number of groups is usually a
methodological concern in multilevel studies (Maas & Hox, 2005). Therefore, further studies should be
conducted to larger number of schools.
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Tiirkiye’de Ogrenci ve Okul Ozelliklerinin Ortaokul
Ogrencilerinin Akademik Basarilarina Etkileri

Girig

Akademik basar1 egitim sisteminin niteligine yonelik en 6nemli belirleyicilerden biridir. Bir¢ok faktoriin
akademik basariyi etkiledigi goriilmektedir (Bérkan & Bakis, 2016; Coleman ve digerleri, 1966; Engin-
Demir, 2009; Gelbal, 2008). Arastirmalar sadece aile 6zelliklerinin degil ayn1 zamanda okul ve 6grenci
ozelliklerinin de 6grenci basarisini etkileyen onemli faktdrler oldugunu gostermektedir (Alacact &
Erbag, 2010; Bellibas, 2016; Borkan & Bakis, 2016; Engin-Demir, 2009; Kalender & Berberoglu, 2009;
MEB, 2007).

Cinsiyet, yas, motivasyon, derslere yonelik tutumlar, 6z-yeterlik, 6grencilerin ¢abalari, okulda zorbaliga
ugramak gibi bircok Ogrenciye ait bireysel ozellikler olup akademik basar tizerinde anlamli etkilere
sahiptir (Engin-Demir, 2009; Ma, 2001; Ozberk, Atalay-Kabasakal & Boztung-Oztiirk, 2017; Yavuz,
Demirtasli, Yal¢in, & Ilgiin-Dibek, 2017). Ailenin sosyo ekonomik 6zellikleri, aile biiyiikliigii ya da
ailedeki kardes sayisi, ebeveynlerin egitim diizeyi 6grenci basarisinda etkili olabilmektedir (Alacact &
Erbas, 2010; Borkan & Balkig, 2016; Downey, 2001; Engin-Demir, 2009; Kalender & Berberoglu,
2009; MEB, 2007). Okul ve 6gretmen ozellikleri de 6grenci basarisinda etkili faktorlerdir (Atar, 2014;
Bilican-Demir, 2018; Darling-Hammond, 2000; Phan, 2008; Tavsancil & Yalgmn, 2015; Yavuz ve
digerleri, 2017). Ogrenci basarisi iizerinde simf biiyiikliigii, okul biiyiikliigii, okulun bulundugu bélge,
ortalama SES (Sosyo-Ekonomik Statii), 6gretmen 6grenci orani, 6gretmen niteligi, egitim kaynaklari,
cevre gibi faktorler okullar arasinda farklilik olusturabilmektedir (Leon & Valdivia, 2015; Willms &
Somers, 2001).

Ogrenci basaris1 degerlendirilirken birka¢ yontem kullanilmaktadir. Genel olarak final notlar1 ya da not
ortalamalart  dikkate alinmaktadir. Standartlastirilmis basar1 testleri de Ogrenci basarisi
degerlendirilirken kullanilabilmektedir (Petrill & Wilkerson, 2000). Uluslararasi genis 6lgekli
degerlendirme (6rnegin; The Trends in International Mathematics and Science Study-TIMSS,
Programme for International Student Assessment-PISA, and Progress in International Reading Literacy
Study-PIRLS) ve ulusal genis Olgekli degerlendirme ile Ogrenci basarisi degerlendirilmektedir.
Tiirkiye’de 6grenci basarisi lizerine bir¢ok ¢alismanin uluslararast TIMSS, PISA veya PIRLS veri setleri
kullanilarak gergeklestigi goriilmektedir (Akyiiz, 2014; Alacac1 & Erbas, 2010; Anil, 2009; Atar, 2014;
Atar & Atar, 2012; Dincer & Uysal, 2010; Ozdemir, 2016; Ozberk ve digerleri, 2017; Yalgin ve
digerleri, 2017). Ancak Tiirkiye’de akademik basariya yonelik sadece birkag galigmada ulusal genis
olgekli degerlendirmenin (6rnegin; SBS, OBBS, TEOG) ya da basar1 ortalamalarmin kullanilarak
gergeklestigi goriilmektedir (Borkan & Bakis, 2016; Ciftei, 2015; Engin-Demir, 2009; Gelbal, 2008;
Yavuz, Tan & Atar, 2019). Bu ¢aligma ortaokul 6grencilerinin akademik basarilarini etkileyen 6grenci
ve okul 6zelliklerinin incelenmesini amaglamaktir. Akademik basar1 6grencilerin genel not ortalamalari
ile dl¢iilmiistiir. Bu ¢alismada dort arastirma sorusuna yanit aranmigtir.

1. Okullar 6grencilerin ortalama akademik basarilarinda ne kadar farklilik olusturmaktadir?

2. Okullar 6grenci diizeyindeki degiskenler (6rnegin, cinsiyet, SES, kardes sayis1) ve akademik
basar1 arasindaki iliskiye bagl olarak ne kadar farklilik olusturmaktadir?
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3. Okul diizeyinde degiskenler (okul biiyiikliigli, 6grenci-0gretmen orani, okul kaynaklari)
ortalama akademik basarinin anlamli yordayicilar: midir?

4. Okul diizeyinde degiskenler (okul biiyiikliigii, 6grenci-6gretmen orani, okul kaynaklari)
okullar arasi iligkide anlaml1 yordayicilar midir?

Yontem

Bu ¢alismada 6grenci diizeyinde ve okul diizeyinde degiskenlerin 6grenci basarisi {izerindeki etkilerini
incelemek i¢in hiyerarsik linear modelleme (HLM) yontemi kullanilmustir. Ig ige gruplanms yapidaki
veriler icin HLM analizi kulllanilmasi Tip | hata yapmayi ve yanli sonuglarin 6nlenmesini saglamaktadir
(Gill, 2003; Oshorne, 2000; Raudenbush & Bryk, 2002). Calisma grubunu, Ankara ve Sinop il
merkezlerinde 10 ortaokula devam eden toplam 1053 yedinci sinif ve sekizinci simf 6grencisi
olusturmustur. Katilimcilarin 512’sini (% 48.6) kiz 6grenciler, 541°ini (% 51.4) ise erkek 6grenciler
olusturmustur. Ortalama yas 13.46 olup yas araligr 12 ile 15 arasinda degismektedir. Ortaokul
Ogrencilerine anket aracilifi ile ¢esitli demografik sorular (cinsiyet, yas, SES, kardes say1s1) ve akademik
basar1 ortalamalar1 sorulmustur. Veri analizi i¢cin HLM 7 kullamlmistir. iki diizeyli HLM modeli
kullanilarak 6grenci diizeyindeki ve okul diizeyindeki degiskenlerin akademik basar1 tizerindeki etkileri
incelenmistir. Cinsiyet, SES ve kardes sayisi 6grenci diizeyindeki degiskenleri olustururken okul
biiylikliigli, 6grenci-6gretmen orani ve okul kaynaklar1 okul diizeyindeki degiskenleri olusturmustur.
Calismada o6grencilerin okullardaki dagilimi incelendiginde, en yiiksek O6grenci sayisinin 235 ve en
diisiik 6grenci sayisinin 68’dir. Calismada iki diizeyli model, HLM 7’nin hesapladigi sinirlandirilmig
maximum olabilirlik 6l¢limii kullanilarak analiz edilmistir (Raudenbush, Bryk, Cheong, Congdon & du
Toit, 2011).

Sonug ve Tartisma

Bu ¢aligmada Tiirkiye’deki ortaokul Ogrencilerinin akademik basarilarini etkileyen 6grenci ve okul
ozellikleri incelenmistir. Arastirma bulgulari, 6grenci 6zelliklerinin (cinsiyet, SES ve kardes sayisi)
ortaokul 6grencilerinin akademik basarilari {izerinde istatistiksel olarak anlamli etkiye sahip oldugunu
gbstermistir. Ogrenci degiskenlerinin akademik basar1 iizerinde agikladifi varyans orami %7’dir.
Cinsiyetin 6grenci basaris1 lizerinde giiclii bir etkiye sahip oldugu ortaya ¢ikmustir. Diger degiskenler
kontrol edildiginde, kiz 6grenciler erkek 6grencilere gore daha yiiksek basari ortalamasina sahiptir. Bu
arastirma sonucu diger arastirma sonuglari ile benzerlik gostermektedir (Borkan & Bakis, 2016;
Gilivendir, 2014; Engin-Demir, 2009; Van Houtte, 2004). Arastirmalar bazi sebeplerden dolay1 kiz
ogrencilerin erkek Ogrencilere gore daha iyi performans gosterdiklerini ortaya koymaktadir.
Ogrencilerin tutumlar1, 6z-yeterlikleri, okula bagliliklar1, akademik motivasyonlari, derslerdeki ¢abalar
kiz ve erkek ogrencilerin akademik basarilarin1 farkli sekilde etkilemektedir (Batyra, 2017; Engin-
Demir, 2009; Gevrek & Seiberlich, 2014; Van Houtte, 2004; Veenstra & Kuyper, 2004). Ayrica, cinsiyet
esitligi okul basarisi i¢in ¢ok dnemlidir. Tiirkiye’de 2000 yilindan itibaren cinsiyet esitligini arttirmak
adma 6nemli ¢alismalar yapilmistir. Ilkokul ve ortaokulda dzellikle kiz 6grencilerin okullasma oranlar
arttirilarak kiz ve erkek 6grencilerin akademik basarilar1 arasindaki farklilik 6nemli 6l¢iide azalmistir.
Bu arastirma sonucunun da Tirkiye’de okullarda cinsiyet esitligine yonelik yapilan projelerin olumlu
etkilerini gosterdigi sdylenebilir(The United Nations Children's Fund-UNICEF, 2016). Diger taraftan
kiz 6grencilerin bazi alanlarda o6zellikle fen ve matematikte erkek Ogrencilere gore daha diisiik
performans gosterme egiliminde olduklari goriilmektedir (Berberoglu, 2004; Chiu & Xihua, 2008;
Farkas, Sheehan & Grobe, 1990; Wo6lmann, 2003). Alan yazin genel olarak 6grencilerin akademik
performanslarinin cinsiyetlerine gore farklilik gosterdigini ortaya koymaktadir. Bu nedenle, bu alana
yonelik daha fazla ¢alisma yapilmasi olduk¢a 6nemlidir.

Etki biiyiikliigii disiik olmasina ragmen, kardes sayist ve SES degiskenlerinin akademik bagar1 tizerinde
anlaml1 etkiye sahip oldugu ortaya ¢ikmustir. Diisiik SES’e sahip 6grencilerin daha diisiik akademik
ortalamaya sahip olma ihtimalinin daha yiiksek oldugu bulunmustur. Benzer sekilde, bir¢ok arastirma
diisiik sosyo ekonomik statiiye sahip aile ile yasayan Ogrencilerin okullarda diisiik performans
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gosterdiklerini agiga ¢ikarmustir (Alacaci & Erbas, 2010; Atar & Atar, 2012; Aypay, Erdogan, & Sozer,
2007; Bellibas, 2016; Dincer & Uysal, 2010; Flores, 2007; Gelbal, 2008; Kalaycioglu, 2015; Perry &
McConney, 2010). Ayn1 zamanda bu arastirmada, kardes sayisinin akademik basari tizerindeki negatif
etkisi ortaya cikmustir. Ozellikle gelisen iilkeler ve bati iilkelerinde, ¢ok sayida kardes ve egitim ¢iktilart
arasinda negatif yonde iliski bulunmaktadir (Buchmann & Hannum, 2001; Downey, 2001; Gelbal,
2008).

Aragtirmada okul degiskenlerinin akademik basar1 {izerindeki etkileri incelenmistir. Ogrenci basar1
ortalamasi tiizerinde yaklasik %11 oraminda varyans, okullar arasindaki farkliliklar araciligr ile
aciklanmaktadir. Okulun niteligi, okul biyiikliigii, 6gretmen-6grenci oran1 ve okul kaynaklar1 gibi
degiskenler ile olgiilmistiir. Okul kaynaklarinin (Srnegin, kiitliiphane, bilgisayar laboratuvari, fen
laboratuvari, miizik odasi gibi) 6grenci basarisi lizerinde etkisi orta diizeydedir. Ancak okul biiytikligi
ve Ogretmen-Ogrenci oranmnin ogrenci basarisi lizerinde istatistiksel olarak anlamli bir etkiye sahip
olmadig1 ortaya ¢ikmistir. Alan yazin incelendiginde okul kaynaklarinin akademik basarn iizerindeki
etkisine yonelik ortak bir goriis olmadig1 goriilmektedir. Bazi calismalar okul kaynaklarinin akademik
basar1 iizerinde etkisinin olmadigini gostermektedir (Coleman ve digerleri,1966; Hanushek, 1997;
Hanushek & Luque, 2003). Diger taraftan baz1 ¢aligmalar, okul kaynaklarinin 6grenci ¢iktilari ile iligkili
oldugunu ortaya koymustur (Card & Krueger, 1996; Fuller & Clarke, 1994; Ozberk ve digerleri, 2017).
Daha iyi fiziksel ortama sahip bir okul, 6grenci basarisini pozitif yonde etkileyebilmektedir (Adeogun
& Osifila, 2008; Krueger, 2003; Parcel & Dufur, 2001). Bu ¢alismada da, bu arastirmalar1 destekleyen
bulgulara ulagilmustir.
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Abstract

This study aims at determining the reliability coefficients of teacher, self and peer assessments carried out at
primary school level. In line with this aim, an interdisciplinary approach is adopted, and the notion of helpfulness
included within the scope of values education is addressed in connection with the practices followed in Turkish,
social studies and music lessons. The study group consists of 30 students of the third graders from a public school
in the city of Ankara. In the light of the aim of the study, the Generalizability Theory is used for the data analysis.
It is found out at the end of the study that the variance component estimated for the main effect of the student is
the largest component of the total variance in all three lessons. When G and @ coefficients are examined,
reliability coefficients are found to be over .80 in music, and over .90 in Turkish and social studies. According
to G-Facet analysis results, when teacher and peer assessments are excluded from the analysis, respectively, G
and @ coefficients have a decreasing tendency whereas these coefficients increase when self-assessment is
excluded from the analysis. Especially in the music lesson, the reliability coefficients obtained by excluding
teacher and peer assessments from the analysis are found to be around .60, which is a remarkable result.

Key Words: Teacher assessment, self-assessment, peer assessment, Generalizability Theory.

INTRODUCTION

Evaluation, which is an important element of the education system, has important functions such as
providing information about the effectiveness and efficiency level of the teaching process, determining
the degree of achievement of the previously-set goals and revealing the strengths and weaknesses of
the practices followed during lessons. Implementing the evaluation activities thoroughly ensures the
continuous control of the education and thus makes it possible to find a quick remedy for the troubles
that come out at any stage of education and produce robust solutions for problems. Moreover, it enables
the identification and then the elimination of learning difficulties and deficiencies by monitoring
student development. It also identifies sources of success and failure and helps to uncover elements
that affect education positively and negatively. Thus, it becomes possible to support the practices that
improve the quality of education and to take timely measures against obstacles and threats. By also
shedding light on planning and orientation studies for the future, education can be improved efficiently
and quickly (Cegen, 2011; Isman & Eskicumali, 2003; Kurudayioglu, Sahin & Celik, 2008; Turgut &
Baykul, 2015; Yasar, 2017).

Teachers use different methods in order to make an assessment that can reveal every aspect of the
change created by all educational activities. As a result of these methods, students are assessed from
the perspectives of teachers and experts according to the criteria prepared by them. However, education
and training are processes that come to life with interaction. The fact that the point of view of the
students actively participating in this interaction is not included in the assessment activities constitutes
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an important deficiency. Assessment activities conducted in this way will not become meaningful
enough for the students who do not participate in the process and therefore will not perform their
intended functions fully. The assessment activities can be meaningful only if the students use the
assessment criteria for their own studies as well as other studies. In this way, students can realize that
the assessment process is a deep learning experience. By comparing their own work included in an
activity with other students” work related to the same activity, they can reach a more in-depth learning
level and understand the working principles of the mind during the assessment process. Thus, they can
also have an idea about how the teacher performs the assessment process. This can open the way for
the teacher-student dialogue and enable the students to think about the arrangements to be made after
the assessment and to take responsibility. Students who take responsibility for their own learning
processes have the opportunity to become independent learners who think, direct, realize their own
development, organize their own work, criticize themselves, and learn. An individual who has the
ability to decide whether a behavior they exhibit meets the criteria related to that behavior will also
have the ability to control their own behavior independently of any authority during their life.
Therefore, assessment activities will contribute to the education of individuals who have gained
autonomy for lifelong learning (Race, 2001; Siinbiil, 2007; Wilson & Jan, 1993).

The world of education, which has discovered this aspect of assessment activities, tends to assess
individual’s learning through methods in which the individual is at the center. Such assessments,
although they are more costly and time-consuming, contribute to the learning of the students and the
professional development of the teachers by integrating learning and assessment. These activities
represent not only a scoring exercise but also a dynamic process in which learning skills develop
through active participation whereas in-depth learning turns out to be a possible phenomenon.
Students’ involvement in this process allows them to understand that assessment is not just a grading
process. Students who are not adequately informed about the objectives and functions of the
assessment may not be able to fully understand the points that their teaching activities are intended to
achieve. When students are not fully aware of what is expected from them, their motivation to learn
can be affected adversely. This may lead them to develop negative attitudes towards learning. Students
who understand the purpose and necessity of the assessment activity can explore their strengths and
weaknesses by approaching the assessment criteria more realistically. Self-discovering students focus
directly on learning by taking responsibility for their own learning, and they turn out to be self-
confident, critical and independent learners (Ballantyne, Huges & Mylonas, 2002; Boud, 1986;
Cihanoglu, 2008; Cram, 1995; Falchikov, 2001; Tekindal, 2014; Topping, Smith, Swanson & Elliot,
2000).

In order for such assessment activities to be carried out objectively, students should be included in the
process from the first stage of assessment. Students should actively participate in the process of
deciding on the type of assessment, determining which learning outcomes will be assessed, and
establishing the criteria to be used. Teachers and students should discuss and agree on these issues.
There should be a harmonious relationship among those who are involved in the assessment. Thus,
students can realize the ideal behaviors expected from them, the reasons why they are expected to
display these behaviours and the necessity of learning. Therefore, it will be possible to develop the
skills to establish a criterion for a specific behavior and grading the quality of that behavior. The
participation of students in these discussions will also be beneficial in terms of communication and
self-expression skills. With all this learned, students can manage their own learning processes from
the beginning till the end. They can decide on what is needed to raise their learning levels (Alict, 2010;
Stiggins and Chappius, 2005; Woolfolk 2002).

The participation of students in assessment activities also contributes to the creation of a healthy
teaching-learning environment. These activities give the teacher information about how the student
thinks and, therefore, can learn. They enable teachers to recognize students in different aspects
including affective characteristics. Thus, they guide the teacher in organizing teaching activities. They
also help the student to understand how the teacher thinks. When students get involved in the process
using similar ways of thinking, they feel that they become part of the learning environment. When
students fulfil their potentials, their academic self-concept develops in a positive way; and they become
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more self-confident. They get proud of what they have learned by seeing their achievements and their
level of development over time. Thus, they get happy and turn out to be willing to learn (Bahar, 2006;
Stiggins and Chappius, 2005).

Assessment activities carried out with the participation of students allow students to become aware of
other students’ learning after they become aware of their own learning. Starting from themselves, the
students take responsibility for each other’s learning and gain the ability to assess other individuals.
That’s why self-assessment and peer-assessment are the two most important types of assessment that
enable students to improve in this way.

Self-assessment means that students make judgments about the extent to which they fulfill these
criteria by applying the assessment criteria for their own studies. Thus, students discover what they
know, what they can do, how they feel, and how they learn. In this discovery process, students who
have the opportunity to use their high-level thinking skills from a critical point of view are provided
with the skill to make sense of themselves objectively. By becoming familiar with their strengths and
weaknesses, students become aware of their learning problems. They can produce solutions to their
own learning problems by using the detailed information they have acquired about their own learning
paths. They develop an ability to plan their future studies and work by judging their learning
experiences. Therefore, it can be said that a student who has the ability to evaluate his/her achievement
will reach the competency level necessary to achieve greater success. Thus, students should be
supported to form a set of productive and realistic objectives with an action plan based on the feedback
resulting from the self-assessment (Alici, 2010; Boud, 1986; Kutlu, Dogan & Karakaya, 2008; Mistar,
2011; Stiggins, 1997; Tekindal, 2014).

From the perspective of cognitive and constructivist learning theories, it is seen that self-assessment
helps the learner to structure the knowledge. According to these theories, newly-acquired information
can be meaningful for students only when they associate the new pieces of information with the already
existing ones. Self-assessment contributes to establishing a link between the existing knowledge and
understanding and the new ones by giving meaningful feedback to students based on the criteria they
have internalized before. In this way, students learn by constantly comparing their knowledge and
understanding with their learning objectives. This shows that self-assessment is also effective in
establishing learning goal orientation. Learning objectives require a certain degree of internal
processing of information. Self-assessment contributes to the motivation of the learning type as it
improves internal control, knowledge, understanding, and skills so that students can be aware of their
progress towards understanding the information fully. (McMillan, trans. 2015).

Self-evaluation is closely related to the development of an individual’s reflection ability. Reflection
involves one’s self-monitoring as an external observer and the development of decision-making skills
for better action in the future (Osterman & Kottkamp, 1993). Students’ developments in reflective
behaviors and skills constitute the most important point in self-assessment. In order to make progress
in this regard, it is necessary to clearly define which behaviors and skills will be assessed and the
corresponding trends. In order to obtain reflective comments about students’ work, what is expected
from them should be clearly stated. Simple examples can be used to visualize trends in this field. It
can be started by questioning the accuracy of the answers given by the students to the questions about
the lesson. Afterwards, questions such as why the answer is not correct, what the wrong answer exactly
tells the student, and what needs to be done in order to give the correct answer can be asked (McMillan,
trans. 2015).

Self-assessment tools can be prepared in different ways. They may range from a format that is prepared
in a draft form of checklists and questions to a format that questions the reflections they have produced
from a composition before; however, what is important is that students should take responsibility for
their learning by determining what they have learned and in which areas they have problems whatever
the chosen self-assessment tool is (Bahar, Nartgiin, Durmus & Bigak, 2008). Also, students’ self-
assessments should be kept in students’ personal development files (Woolfolk, 2002).

There are a number of factors that prevent self-assessment from being performed in a healthy way.
Such factors include students who are biased about assessing their own learning because of having
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difficulty in making objective interpretations, who overestimate or underestimate their own abilities,
who are able to make self-evaluation because of being unaware of their own abilities, who do not
consider themselves sufficient to perform self-assessment or who believe that assessment should only
be done by the teacher. In this case, continuous self-assessment, clarification of how students can make
self-assessment and encouraging students to self-assessment will be effective in eliminating these
factors (Alici, 2010; Tekindal, 2014).

On the other hand, when peer assessment is in question, students evaluate the performances or quality
of the products belonging to others by applying the relevant criteria to the work of other students of
similar status. Thus, they learn new pieces of information together and from each other via examining
and criticizing different works. Peer review involves providing students with feedback from their peers
about the quality of their work. Peer feedback encourages working together and learning together.
Students increase awareness about their own learning needs by seeing their strengths and weaknesses.
They can even get to know each other better than their teachers and give more detailed feedback. In
this respect, peers can provide feedback to a greater number of students than the teacher in crowded
classrooms. Thus, they can develop each other’s talents and skills. However, students’ mastering in
performing an effective peer review requires a lot of practice. The assessment criteria should also be
clear, appropriate, and discussed with the students. (Ballantyne et al., 2002; Falchikov, 1986, 2001;
Topping et al., 2000; Tekindal, 2014).

Peer review has turned out to be a part of our success development since the first years of our lives.
When children get informal feedback from their peers, this contributes to their social development to
a great extent. The social development of the students can be accelerated significantly when the power
of peer feedback is included in the planned assessment activities. Students have the opportunity to
improve the quality of their products through teamwork. They can see the mistakes and deficiencies
in their studies from the point of view of their friends although they do not realize these mistakes and
deficiencies on their own. Thus, the defects can be corrected, and the works can be carried to higher
levels. It is no doubt that students also develop a number of social skills such as communication,
cooperation, discussion besides improving their products of studies in such a process. Students learn
to criticize each other constructively and accept criticism with tolerance. When they work together in
this way, they can see themselves as a member of the community and develop a sense of belonging.
They grow up as individuals who can use what they learn from their peers both in their own personal
development and in the development of the society as a whole (Alici, 2010; Tekindal, 2014).

Initially, peer assessment, as well as self-assessment, may be difficult to perform objectively. Students
are more likely to behave subjective when evaluating their peers whom they like and who are more
popular than others in the class. However, when these studies are carried out routinely at regular
intervals, students will start to carry out better assessments. The purpose, importance and
implementation steps of peer assessment should be clearly explained to the students in order to
improve peer-assessment process. It should be emphasized that it is necessary to make a distinction
between the students’ features to be assessed and other qualities of these students that will be excluded
from the peer-assessment process. Peer-assessment will be more objective when students start to feel
that they are working together and not competing. Moreover, it is possible to carry out the peer-
assessment process more objectively when students do not know whose product is being assessed, and
assessment is done by more than one student or the students to assess a product are chosen randomly
(Bahar et al., 2008; Alici, 2010).

When self-assessment and peer-assessment are used together, they help and develop each other.
However, students should be able to use their assessment skills actively and correctly in order to
achieve this development. This is closely related to providing students with the opportunity to grow
up in a culture of assessment and evaluation. Researches show that performing such activities routinely
from the first year of primary education contributes significantly to critical thinking skills (Alici,
2010). In addition to this, when the related literature is examined, it is seen that such assessment should
be carried out continuously in order to handle this process in a healthy way. Therefore, students’
participation in assessment activities should be ensured from the first stages of education. Assessment
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activities, which include both students’ and teachers’ perspectives, will provide more detailed data and
develop more effective solutions. Examining the students’ point of view by comparing them with the
teachers’ point of view will guide the development of assessment activities in this field. In this case,
it is important to determine whether the primary school students in the first stages of education differ
from the teachers who are experts in the field in terms of evaluating their own and their peers’ work
according to certain criteria. If so, identifying the scope of this difference is important to determine
where we are in the field of assessment. When the related literature is reviewed, it is clear that there
are numerous studies on self- and peer assessment in Turkey, but there are a limited number of studies
that examined self- and peer assessment through comparing the reliability of these assessments.
Considering that reliability is one of the significant limitations of such assessments, it is thought that
addressing this issue is important in terms of revealing the level reached in studies that are have been
carried out about assessment involving students’ participation. Therefore; this study aims at
determining the reliability of the scores obtained from teacher and student (self and peer) assessments
in primary school level. For this purpose, the researchers examined the change of reliability of scores
obtained via self- and peer-assessment while evaluating the exemplar event-driven performance works
that were done in Turkish, social sciences and music lessons at third grade of a primary school. It is
thought that the study will contribute to more efficient assessment studies by examining the self-
assessment and peer-assessment skills of primary school students.

METHOD

This study is a descriptive study since it is aimed to determine the reliability of teacher, self and peer
assessments performed in the performance works done in Turkish, social sciences and music lessons
at the third grade of primary school.

Study Group

The study group consists of 30 third grade students (14 boys and 16 girls) studying at a primary school
in the city of Ankara. It was decided during the study that five students to be selected randomly among
30 students would score for peer assessment. As a result, the remaining 25 students were included in
the study as the measurement object.

Data Collection Tools

The assessment, self-assessment and peer-assessment scales prepared by the Ministry of National
Education and included in the teacher’s guide books were used as data collection tools after being
simplified in accordance with performance works that had been prepared in line with the expert
opinions (5 classroom teachers, 2 Turkish teachers, and 1 music teacher).

Writing Skills Assessment Scale included in the teacher’s guide book which has been used since 2013-
2014 academic year upon the approval of the Ministry of National Education was used to assess the
writing skills of the students in the Turkish lesson (Milli Egitim Bakanligi-MEB, 2013). Taking into
consideration the length of time of the implementation and the performance task, a grading scale that
consists of four criteria was created by selecting and arranging critical criteria among the ten measures
included in the scale in accordance with the opinions of experts. The generated grading scale is given
in Table 1.

Table 1. Grading Scale Used in Turkish Performance Task

Criterion Rating

Following spelling rules

Writing meaningful and normative sentences
Writing events in order of occurrence
Including the main idea in writings
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Discussion Scale included in the teacher’s guide book which has been used since the 2015-2016
academic year upon the approval of Ministry of National Education was used to assess the discussion
skills of the students in the social sciences lesson (MEB, 2017a). Taking into consideration the length
of the time of the implementation and the prepared performance task, a grading scale consisting of
four criteria was created by selecting and arranging critical criteria among the ten criteria in the scale
in accordance with expert opinions. The generated grading scale is given in Table 2.

Table 2. Grading Scale Used in Social Sciences Performance Task
Criterion Rating
1 2 3

Being able to express his/her idea clearly

Interpreting the questions correctly and giving appropriate answers to the questions
Following the rules of discussion

Controlling the tone of voice and gestures

Analytical-Rate Grading Scale for Song/Folk/March Performances included in the teacher’s guide
book which has been used since the 2017-2018 academic year upon the approval of Ministry of
National Education was used to assess the singing performances of the students in the Music lesson
(MEB, 2017b). Taking into consideration the length of time of the implementation and the
performance task, the grading scale consisting of four criteria was created by selecting and arranging
critical criteria among the six criteria included in the grading scale in accordance with expert opinions.
The generated grading scale is given in Table 3.

Table 3. Grading Scale Used in Music Performance Task
Criterion Rating

Singing the lyrics of the song correctly
Singing the tune of the song correctly
Paying attention to the rhythm of the song
Using his/her voice correctly and effectively

As a result, grading scales, which consist of four criteria and each of which is specific to the course,
were used in each lesson. Grading scales are rated with three different smiley icons in accordance with
the age group. The data set was prepared by the researchers as 1-2-3, which is the scoring equivalence
of smiley icons.

Data Collection Procedure

An interdisciplinary approach has been used in this study. The issue of helpfulness within the scope
of values education has been addressed in relation to the practices in three lessons. It is thought that it
will be possible to examine the same subject from the angels of different methods in different
disciplines by means of adopting such an approach, and in this way, it will be possible to obtain more
detailed data. Moreover, it is aimed to help the students make a healthier assessment by organizing
different knowledge and skills to form a meaningful whole and get students gain this meaningful
whole. At the same time, it is thought that it will be possible to examine the differences in the
perspectives of teachers and students about the assessment of different disciplines.

In the research, the same students’ group was asked to do both peer and self-assessment in three
different lessons. While the students’ group remained the same, it was ensured that different teachers
made the assessment in different lessons. In this case, firstly, the teacher and the students were
informed about the type of assessment before the research started. Teacher assessments were
conducted by two classroom teachers and one music teacher, each working in a public school with
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expertise and experience in the field. While the teacher of the class in which this study was being
conducted made the assessment in social sciences lesson, the teacher of a different class made the
assessment in Turkish lesson. In music lesson, the music teacher, who is also one of the researchers of
this study, made the assessment. It was decided that music lesson should be conducted by a music
teacher who had received a music education as Music lesson requires special skills and the scoring
should be done as neutrally as possible. Since the music teacher is one of the researchers of this study,
she already has detailed information about the grading scale and the scoring process. On the other
hand, the classroom teachers that were to do scoring in Turkish and social sciences lessons were
informed about the types of assessment and the grading scales in advance. For this purpose, classroom
teachers were given training on how to do assessments using a grading scale, and they were provided
with the opportunity to examine exemplary implementations with the researchers. In the process of
informing students, short training was given on teacher assessment, self-assessment, peer assessment,
and grading scales.

In the Turkish lesson, students were allowed to watch a cartoon film that was telling a fairytale based
on the importance of helpfulness. The film was stopped at half, and the students were asked to write
the end of the fairytale. After all the students completed their studies, they went to the blackboard one
by one and read the rest of the fairytale as they had completed. Since writing rules were also included
in the assessment, students’ papers were examined by the peer students and the teacher immediately
after each student finished reading. In this way, the writing skills of the students were assessed by the
teacher and the students.

In the social sciences lesson, students were allowed to watch a short film that was explaining how
charity can create a cycle by awakening the sense of helpfulness in people. Then, the students were
asked to discuss in groups the positive and negative results that charity could produce based on the
events they had watched. Groups of four students were established as they wished and the two groups
mutually had the opportunity to discuss the topic. After each group finished discussion, the students’
ability to discuss within the group was assessed by using grading scales prepared by teachers and
students.

In the music lesson, a song that teaches the importance of helpfulness was taught to students by using
ear-to-ear teaching method. Then, the students were asked to sing the song individually. The song
performance of the students was assessed by the teacher and the students.

Data Analysis

In this study, it is aimed to determine the reliability of the scores obtained as a result of teacher, self
and peer assessment. When the literature is examined; it is clear that Classical Test Theory (CTT),
Generalizability (G) Theory and Item Response Theory (IRT) are employed to identify the reliability
of the measurement results (Giiler, 2011). Especially when it is focused on the studies that try to
determine the reliability between different raters, it is seen that G Theory or IRT-based methods have
been preferred more frequently compared to CTT (Atilgan, 2005; Borkan, 2017; Biiyiikkidik & Anil,
2015; Farrokhi, Esfandiari & Dalili, 2011; Farrokhi, Esfandiari & Schaefer, 2012; Karakaya, 2015;
Matsuno, 2009; Nalbantoglu-Yilmaz, 2017; Tasdelen-Teker, Sahin & Baytemir, 2016; Yildiztekin,
2014). If a comparison is made on the basis of CTT and G-theory, it is seen that only one error source
is allowed to be estimated in the reliability determination studies based on the CTT, while all error
sources can be included in the analysis in the reliability analysis based on G theory. In addition to his;
in G theory, the sources of error can be addressed separately and the interactions of error sources can
be determined as a result of the analysis (Brennan, 2001; Giiler, 2009; Giiler, Kaya-Uyanik &
Tasdelen-Teker, 2012; Shavelson & Webb, 1991). The study carried out by Tasdelen-Teker and Giiler
(2019) shows that G Theory is frequently used especially in inter-rater reliability and standard-setting
studies. Due to these advantages and application areas of G Theory, in this study, G Theory was
preferred in order to determine the reliability between different types of raters (teacher-self-peer).

In accordance with the purpose of this study, by using the students (s) who are the measurement objects
and the rater type (r) and criterion (c) variability sources, the analysis was conducted on full crossed
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random two-facet design (sxrxc). The peer assessment, which is one of the rater types, was included
in the analysis and the average score of those given to 25 students by the chosen 5 was taken. For the
three courses covered in the study, the predicted variance components, G and Phi coefficients were
calculated to determine the main and common effects of the variables that constitute the sources of
variability. In addition, G and Phi coefficients were also calculated by using G-facets analysis when
the rater types were excluded from the analysis respectively. The analyses were performed using the
EduG 6.1 package program.

RESULTS

In this section, estimated variance components, reliability values and G-Facet components done
according to rater type of teacher, self and peer assessment scores are given under separate titles for
Turkish, social sciences and music lessons respectively.

1. Turkish Lesson

For the G study of sxrxc pattern which is completely crossed in Turkish lesson; the estimated variance
components and percentages of total variance explanation are given as the main effects of s, r and c,
and the common effects of sr, sc, rc, and src in Table 4.

Table 4. Estimated Variance Components for the Turkish Lesson

Sources of Variance Sum of Squares df Mean of Squares Variance (¢%) %
Student (s) 77.16853 24 3.21536 0.25745 64.0
Rater Type (r) 4.10027 2 2.05013 0.01712 43
Criterion (c) 3.32627 3 1.10876 0.01068 2.7

sr 6.17307 48 0.12861 0.00674 1.7
sC 7.12373 72 0.09894 -0.00090 0.0

rc 1.86453 6 0.31076 0.00836 21
src,e 14.63547 144 0.10164 0.10164 25.3
Total 114.39187 299 100%

It is seen in Table 4 that the estimated variance component (0.258) explains the 64.0% of the total
variance for the main effect of student (s) in Turkish lesson. The main effect of the student has the
biggest share in the total variance. Therefore, it can be concluded that the assessment process can
determine the differences between students.

It is also clear that the estimated variance component (0.017) for the main effect of rater type (r)
explains 4.3% of the total variance. The main effect of the rater type is the variance component which
has the third-largest share in the total variance. According to this, it can be said that the scores given
by the teacher, self and peers differ slightly.

It is seen that the estimated variance component (0.011) for the main effect of criterion (c) explains
2.7% of the total variance. In this case, it can be said that the given scores differ slightly from one
criterion to another.

When the common effect values are examined, it is seen that the estimated variance component (0.007)
for the common effect of student-rater type (sr) explains 1.7% of the total variance. The common effect
of the student-rater type (sr) has the second-lowest variance of the total variance. In this case, it can
be said that the scores given to students by different types of raters do not change much.

It is seen that the estimated variance component (-0.001) for the common effect of student-criterion
(sc) explains 0.0% of the total variance. Student-criterion (sc) common effect has the lowest variance
in the total variance, having a negative value. In cases where variance is negative, Cronbach et al.
(1972) suggested that the variance value be zero (as cited in Dogan & Anadol, 2017). The reason for
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the variance being negative may be that the study group is small, or the measurement pattern is not
suitable (Tasdelen-Teker et al., 2016). In this study, since there was no problem with the pattern, the
finding is thought to be related to the size of the study group. Based on that, when the total variance
of the student-criterion (sc) common effect is considered to be zero, it can be said that this effect does
not contribute to the total variance. In short, students’ performances do not differ according to criteria.

It is seen that the estimated variance component (0.008) for the common effect of rater type-criterion
(rc) explains 2.1% of the total variance. This finding shows that there is a slight difference in the
scoring from one criterion to the other according to the rater type.

As is seen, student-rater type-criterion (residual) common effect variance component (0.102) explains
25.3% of the total variance. This ratio is the second-largest value in the total variance. However, the
share of the student-rater type-criterion (residual) common effect variance component in the total
variance is expected to be small (Shavelson & Webb, 1991). As a result, this situation may indicate
that the student-rater type-criterion common effect and/or the random error in the measurement can be
large.

When G and Phi coefficients are examined, G coefficient is found to be .96 based on relative error
variance, and Phi coefficient is found to be .93 based on absolute error variance. It can be said that
these values are quite high values within the acceptable limits of the reliability coefficient (Brennan,
2001).

As a result of the G-facets analysis, the reliability coefficients obtained when each of the rater types is
not included in the analysis respectively are given in Table 5.

Table 5. G-Facets Analysis of Rater Types

Facet Level G (1)

Rater Types (nr = 3) Teacher Assessment .92 .88
Self Assessment .97 .94
Peer Assessment .92 .86

As is clear in Table 5, the G and @ coefficients decrease slightly when the teacher or peer assessments
are excluded from the analysis. However, the obtained reliability coefficients are quite high. As a result
of excluding the self-assessment from the analysis, both G and ® coefficients increase.

2. Social Sciences Lesson

For the G study of sxrxc pattern, which is completely crossed in the Social Sciences lesson, the
estimated variance components and total variance explanation percentages are given as s, r and main
effects and sr, sc, rc, and src common effects in Table 6.

Table 6. Estimated Variance Components for Social Sciences Lesson

Sources of Variance Sum of Squares df Mean of Squares Variance (¢%) %
Student (s) 109.41813 24 4.55909 0.35791 74.6
Rater Type (r) 1.01840 2 0.50920 0.00034 0.1
Criterion (c) 0.59987 3 0.19996 -0.00254 0.0
sr 9.62827 48 0.20059 0.03713 7.7
sc 8.33013 72 0.11570 0.02120 4.4

rc 1.95973 6 0.32662 0.01098 2.3
src.e 7.50027 144 0.05209 0.05209 10.9
Total 138.45480 299 100%

It is seen in Table 6 that the estimated variance component (0.358) explains the 74.6% of the total
variance for the main effect of student (s) in social sciences lesson. As a result of obtaining the highest
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variance ratio from the student variable, it can be concluded that the assessment process can identify
the differences between students.

It is seen that the estimated variance component (0.000) for the main effect of the rater type (r) explains
0.1% of the total variance. The main effect of the rater type is the variance component which has the
second smallest share in the total variance. According to this, it can be said that the scores given by
the teacher, self, and peer show almost no significant difference.

It is observed that the estimated variance component (-0.003) for the main effect of criterion (c)
explains 0.0% of the total variance. The main effect of the criterion has the lowest variance in the total
variance while it gets a negative value. If the total variance of this variable is considered as zero, it can
be said that this effect does not contribute to the total variance. In short, the scoring does not differ
according to the criteria.

When the common effect values are examined, it is seen that the estimated variance component (0.037)
for the common effect of student-rater type (sr) explains 7.7% of the total variance. The student-rater
type (sr) of the common effect has the third-highest variance in the total variance. In this case, it can
be said that the scores given to students by the different rater types vary.

It is clear in Table 6 that the estimated variance component (0.021) for the common effect of student-
criterion (sc) explains the 4.4% of the total variance. Student-criterion (sc) common effect has the
lowest third variance in total variance. As a result, students’ performances differ slightly according to
the criteria.

It is seen that the estimated variance component (0.011) for the common effect of rater type-criterion
(rc) explains 2.3% of the total variance. While this indicates that the rater-criterion (rc) common effect
has the lowest third variance value, it can be said that the rater type may differ slightly from criterion
to criterion.

Student-rater type-criterion (residual) common effect variance component (0.053) appears to explain
10.9% of the total variance. While this ratio appears to have the second largest value in the total
variance, it may be an indicator that the student-rater type-criterion common effect and/or random
errors in measurement may be large.

When G and Phi coefficients are examined; both G coefficient and Phi coefficient are found to be .94.
It can be said that the obtained relative and absolute reliability coefficients are quite high within the
acceptable limits.

As a result of the G-Facets analysis, the reliability coefficients obtained when each of the rater types
is not included in the analysis respectively, are given in Table 7.

Table 7. G-Facets Analysis of Rater Types

Facet Level G (1)

Rater Types (nr = 3) Teacher Assessment 91 .90
Self Assessment .97 .96
Peer Assessment .89 .88

As is clear in Table 7, the G and @ coefficients decrease slightly when the teacher or peer assessments
are excluded from the analysis. This decrease was found to be slightly higher in peer assessment, but
the obtained reliability coefficients are still quite high. It is seen that both reliability coefficients
increased slightly when G and @ coefficients are excluded from the analysis.
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3. Music Course

For the G study of sxrxc pattern which is completely crossed in Music lesson, the estimated variance
components and total variance explanation percentages are given as the main effects of s, r; and the
common effects of sr, sc, rc, and src in Table 8.

Table 8. Estimated Variance Components for Music Lesson

Sources of Variance Sum of Squares df Mean of Squares Variance (¢°) %
Student (s) 71.25013 24 2.96876 0.21139 47.3
Rater Type (r) 5.35707 2 2.67853 0.02104 4.7
Criterion (c) 0.18600 3 0.06200 -0.00453 0.0

sr 17.49627 48 0.36451 0.06021 135
sC 13.77067 72 0.19126 0.02253 5.0

rc 2.00400 6 0.33400 0.00841 1.9
src,e 17.80933 144 0.12368 0.12368 27.7
Total 127.87347 299 100%

It is seen in Table 8 that the estimated variance component (0.211) for the main effect of the student
(s) explains 47.3% of the total variance in music lesson. As a result of the scoring performed within
the scope of music lesson, it can be concluded that differences between students can be identified.

It is seen that the estimated variance component (0.021) for the main effect of rater type (r) explains
4.7% of the total variance. Considering the main Moreover of the rater type; it can be said that the
scores given by the teacher, self and peer vary.

It is observed that the estimated variance component (-0.05) for the main effect of criterion (c) explains
0.0% of the total variance. The main effect of the criterion has the lowest variance in the total variance
while it gets a negative value. If the total variance of this variable is considered as zero, it can be said
that this effect does not contribute to the total variance. In short, the scoring does not differ according
to the criteria.

When the common effect values are examined, it is seen that the estimated variance component (0.060)
for the common effect of student-rater type (sr) explains 13.5% of the total variance. In this case; while
the student-rater type (sr) has the third-highest variance in the total variance, it can be said that with
this finding, the scores given to students by different rater types differ.

While the student-criterion (sc) explains 5.0% of the total variance of the estimated variance
component (0.023) for the common effect; it can be said that the scores given to the students differ
according to the criteria. Considering the estimated variance component for the rater type-criterion (rc)
common effect; it explains 1.9% of the total variance. According to this result; the scores obtained by
the rater type according to the criteria differ slightly.

It is seen that the estimated variance component (0.008) for the common effect of rater type-criterion
(rc) explains 1.9% of the total variance.

While the student-rater type-criterion (residual) common effect variance component (0.124) explains
27.7% of the total variance, this value is the second largest value in the total variance. Therefore, it
can be said that the common effect of student-rater type-criterion and/or random errors in measurement
may be large.

When the G and Phi coefficients obtained in the analysis are examined; the G coefficient is found to
be .85 and the Phi coefficient is .83. It is seen that the obtained reliability coefficients are within the
accepted limits according to the literature (Brennan, 2001).

The reliability coefficients obtained when each of the rater types in G-facets analysis is not included
in the analysis respectively, are given in Table 9.
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Table 9. G-Facets Analysis of Rater Types

Facet Level G (1)

Rater Types (nr = 3) Teacher Assessment .63 .60
Self Assessment .97 .96
Peer Assessment .68 .62

In Table 9; there is a significant decrease in the G and @ coefficients obtained by excluding teacher or
peer assessments from the analysis. The obtained reliability coefficients are lower than the acceptable
reliability coefficient limit in the literature. There is an increase in both G and @ coefficients as a result
of excluding the self-assessment type from the analysis.

DISCUSSION and CONCLUSION

This study aims at identifying the reliability of the scores given by third-grade elementary school
students through self and peer assessment methods and that of the scores obtained as a result of teacher
assessment. An interdisciplinary approach has been adopted for that purpose, and the notion of
helpfulness has been associated with Turkish, Social Sciences and Music lessons within the scope of
values education.

G-theory was used in the study as it was aimed to include more than one source of error in the analysis
and to examine the sources of variance in detail. Thanks to the advantages of the relevant theory, both
main and interactive effects of variance sources were examined, and relative as well as absolute
reliability coefficients were estimated.

When Turkish lesson is in question, it is seen that the component explaining the total variance is the
main effect of the student (s). The fact that the main effect of the student (s) has the largest percentage
of explanation is desirable during the assessment process, because it is obtained that the differences
between students can be revealed by the assessment process (Atilgan, 2005; Dogan & Anadol, 2017;
Tasdelen-Teker et al., 2016). It is seen that the total variance is the second mostly explained component
by the residues (src,e) following the main effect of the student (s). This result may be an indicator that
the common effect of student-rater type-criterion (src,e) and/or random errors may be large. The cause
of random errors in this lesson can be that students who do not encounter such practices frequently
experience a lack of excitement and motivation. Considering the main effect of the criterion (c)
variable; it is seen that it explains 2.7% of the total variance. When evaluated in terms of criteria, it
can be said that student and teacher perspectives differ in some of the criteria within the scope of
writing skills. Another noteworthy finding obtained in the context of the Turkish lesson is that the
common effect of student-criterion (sc) does not contribute to the total variance. In short, students’
performances do not differ according to the criteria included in the grading scale. In this case, it can
be said that these criteria assess the same skills.

When the results related to the social sciences lesson are considered, the main component explaining
the total variance was the student (s) main effect, and after that, the largest share in explaining the total
variance belongs to residues (src,e). It can be said that differences between the students can be revealed
in the assessments made within the scope of social sciences lesson with the biggest share of the main
effect of the students. The sources of random errors that may occur in this lesson are thought to be that
there might be distractions and noise generated in the classroom by the students who did not participate
in the activity. The main effect of rater type (r) on estimated variance values of social sciences lesson
has a relatively small share in total variance. In other words, it can be said that the scores given in
teacher, self and peer assessments show almost no significant difference. In the research, considering
that the teacher’s assessment of the social sciences lesson is done by that classroom’s teacher, the
result obtained is thought to be based on the fact that the teacher knows the students in the classroom
better and that the students can score more easily in an assessment environment made by the classroom
teachers.
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When the results related to the estimated variance components within the scope of music lesson are
considered, the main effect of the student (s) is the component that explains most of total variance in
music lesson as is the case in other lessons. In this respect, differences among the students have been
revealed in the assessment made in Music lesson. In addition, the effect of residues (src,e) in explaining
the total variance has the largest share following the main effect of the student (s). Among the reasons
why residues in music lessons have a high share, the reaction from the class during the individual
performance of some students, and the excitement of students unfamiliar with individual performance
can be included as the sources of random errors. Another remarkable finding obtained in the context
of music lesson is that the main effect of the measure (c) does not contribute to the total variance; in
other words, the scoring does not differ according to the criteria. This situation can be explained by
the fact that all of the criteria are directed towards singing skills and the level of musical ability of the
students has the same effect on the skills related to the criteria.

When G and @ coefficients are examined, it is seen that G and @ coefficients obtained for all three
lessons are considerably higher than the acceptable value of .80 in the literature (Brennan, 2001).
When the G and @ coefficients are handled on lesson base, it is seen that the coefficients obtained in
music lessons are lower than the coefficients obtained in Turkish and Social Sciences lessons. The
coefficients obtained in the Turkish and Social Sciences lessons are above .90, and they are very close
to each other. In the study, the fact that the teacher assessments in Turkish and social sciences were
made by the classroom teachers and the assessment in music lesson was conducted by the music
teacher can be considered as a factor affecting the reliability.

When the values obtained as a result of G-facet analysis of rater types are evaluated, if teacher and
peer assessments are not included in the analysis for all three lessons, G and @ coefficients decrease.
While the new G and @ coefficients obtained as a result of these decreases are still higher than the
acceptable reliability coefficient for Turkish and social sciences lessons, they are below the acceptable
limits for music lesson. When the scores obtained at the end of self-assessment were not added to the
analysis, G and @ coefficients obtained in all three lessons increased. This increase was more in music
lesson than it was in other lessons. In the inclusion of peer assessment scores in analysis, the scores of
the five raters were averaged. In short, the five raters acted as if they were one rater. In this case, even
if one of the peers had not scored very accurately, it may have increased the reliability with the average
of the others. But in self-assessment, students may have scored in favor of themselves because they
only scored for themselves. When the age characteristics of the students are taken into consideration,
instead of exhibiting a biased behavior by giving higher scores to their friends, they are thought to be
as careful as possible. In this case, peer assessment and teacher assessment can be expected to be close
to each other while self-assessment can be expected to be different from them. A similar result was
observed in Salmaner’s (2015) study, which examined self, teacher, and peer scores with the multi-
surface Rasch measurement model. In this study, Salmaner worked with 5" grade students, and as a
result of the analysis, he found out that the most generous raters were self-raters and the strictest raters
were teachers or peer raters. When the age group is taken into consideration, it can be said that
students’ desire to succeed or the anxiety of failure might have created a tendency to give themselves
higher scores.

When the literature is examined, it is observed in the studies carried out on the comparison of teacher,
peer, and self-assessment at primary school level that students cannot make fully objective
assessments; it is generally seen that self-assessments give the most generous scores (Salmaner, 2015;
Saritag, 2015). Borkan (2017) also scored the presentation performance of the students by using a
grading key in a four-day peer review study with university students. As a result of the study, it was
concluded that peer raters generally rated their friends in a very generous manner; and the
strictness/generosity levels differed from each other when the raters were compared among
themselves. Matsuno (2009) conducted another study in which peer assessment and self-assessment
were handled together with teacher assessment. Matsuno (2009) conducted this study with 91 Japanese
students between the ages of 19-21 and four teachers. In this study, especially high-performing
students gave lower scores than estimated in the self-assessment process, whereas the raters were more
tolerant and consistent in the peer assessment process. Regardless of their writing skills, they scored
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low on high-performing students and high on low-performing students. It was seen that most of the
peer raters were consistent and showed less biased interactions than the self-assessment and teacher
raters. Farrokhi et al. (2011) conducted a study to determine the tendency of centralism in self-
assessment, peer assessment and teacher assessment using the multi-faceted Rasch model. 194
evaluators assessed 188 written compositions with a six-analytical scale and concluded that there was
a centrality among peers and self-evaluation. In 2015, Karakaya made a comparison between self-
evaluation, peer evaluation and teacher evaluations in evaluating portfolio files of teacher candidates.
The findings of the study indicated that the raters were more tolerant in the self-assessment and more
rigid in the peer assessment, and it generally found a statistically significant difference between the
evaluators. In another study conducted by Nalbantoglu-Yilmaz (2017) with 56 teacher candidates, it
was aimed to determine whether there were differences in self-evaluation and peer evaluations related
to a project and to reveal the reliability of the grades given by the teacher candidates and their peers
and the scores given by their teachers. As a result of the study, no significant difference was found
between the evaluators. It showed that the reliability of self-assessment, peer-assessment and teacher
assessments were within acceptable limits.

As is seen in the study results, students should be provided with more opportunities to assess their own
works and works of their peers; thus, they should be encouraged to make use of high-level thinking
skills such as critical thinking and problem-solving. In this study, a different teaching method called
case method was used in order to provide the students with the opportunity to use what they have
learned in their daily life, and hence, help them internalize what they have learnt and turned them into
a part of permanent learning. Also, the students were asked to make use of alternative assessment skills
such as self-assessment and peer-assessment, and thus, the effort made by the students to understand
the learning processes deeply was revealed at the end of the study.

The findings of the study show that there should be more space for activities to develop high-level
thinking skills such as discussion, critical thinking, and problem-solving which support students’ self-
assessment and peer-assessment skills. It should be given importance to provide the students with these
skills at an early age and to educate individuals who can think scientifically. In addition to the case
studies conducted to improve self-assessment and peer-assessment skills, different practices such as
problem-based learning and project-based learning should be included more in the curriculum. The
interdisciplinary link should be established to contribute to the more effective implementation of
curricula.

Choosing the teaching methods appropriate to the level of the students can enable the students to use
their self-assessment and peer assessment skills more efficiently. By taking into account the
characteristics of student development, appropriate assessment criteria should be determined together
with the students to learn the subject. For this purpose, students should have more information about
alternative assessment methods. Students should be given performance tasks for self-assessment and
peer-assessment, and they should take responsibility for and develop an awareness of their learning.

In this study, the reliability of the rater types in Turkish, social sciences and music lessons was
investigated based on an interdisciplinary approach. In different studies, course types and grade levels
can be changed, and all teacher assessments can be made by the same teacher as well. The results of
such a study can reduce the sources of error that would interfere with the comparison between lessons.
In the study, the size of the study group was determined to be 30, but similar studies can be repeated
on larger groups of students. The reasons for the low reliability values obtained in music lesson in this
study can be examined in detail in different studies.
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Adaptation of Work-Related Rumination Scale into Turkish *
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Abstract

The aim of the present study was to investigate the validity and reliability of the Turkish version of Work-Related
Rumination Scale (T-WRRS). The study was conducted sampling 582 white-collar workers from various fields.
In order to determine the construct validity, confirmatory factor analysis was conducted. Additionally, Cronbach
Alpha values as an indicator of internal consistency and item-total correlations were utilized for reliability
analysis. The results yielded that the Turkish version of WRRS is a reliable scale with three-factor, and it can be
used to measure work-related rumination among Turkish workers.

Key Words: Work-related rumination, rumination, validation study, CFA.

INTRODUCTION

Throughout a workday, individuals encounter various emotional, cognitive, and physical demands. At
the end of a workday, individuals might feel emotional fatigue due to consuming all the energy levels.
In order to reoperate the next day, individuals need to rest and replenish their energy level. After work,
time needs to be for individuals to disengage from duties related to work. However, for some
individuals, this activity cannot be accomplished as a result of high demands. The process to interfere
with successful disengagement from work is called rumination (Cropley, Dijk, & Stanley, 2006; Roger
& Jamieson 1988). Previous research in relation to rumination has mainly derived from clinical
psychology, and the focus was predominantly on the emotional feature of rumination. Nolen-
Hoeksema, Wisco, and Lyubomirsky (2008) defined rumination as a recurring thinking process that
focuses on distress symptoms and attention is given to the feelings related to the issues. In addition,
Martin and Tesser (1996) defined rumination as “a class of conscious thoughts that revolve around a
common instrumental theme, and that recur in the absence of immediate environmental demands
requiring the thoughts” (as cited in Cropley & Zijlstra, 2011, p. 6). Taken together it can be said that
rumination can be mainly about issues related to self, stressful events, or psychological symptoms one
has. Rumination is giving attention to the symptoms/stressors, focusing on the possible reasons and
outcomes of these symptoms / stressors. Previous studies indicated that rumination was related to
several psychological problem such as depression (Lyubomirsky, Caldwall, & Nolen-Hoeksema,
1998; Thomsen, Mehlsen, Christensen & Zachariae, 2003), anxiety (Mellings & Alden, 2000), anger
(Hogan & Linden, 2004), poor sleep quality (Thomsen et al., 2003), and somatic symptoms (Brosschot
& Van Der Doef, 2006).

Although research in relation to how individuals ruminate about work has not been studied until
recently, occupational psychology has given attention to this phenomenon. Sonnentag and Bayer
(2005) said occupational psychology focused on thinking about work during leisure time and assessed
the detachment from work. Cropley and Zijlstra (2011) speculated that unlike traditional rumination,
which was mainly about emotional aspects, work-related rumination includes both affective and
cognitive aspects. In general, when individuals ruminate, they tend not to have solutions for the
problems they have (Nolen-Hoeksema,1987); however, Cropley and Zijlstra opposed to this indicating
ruminating about problem(s) can be helpful for individuals. In line with growing interest on this topic,
Cropley and Zijlstra (2011) defined work-related rumination as “Work-related rumination may be
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considered as a thought or thoughts directed to issues relating to work, that is / are repetitive in nature”
(p. 6). Individuals ruminate about work in relation to tasks that were not completed, problems that
were not solved, and issues that were not clarified with colleagues (Querstret & Cropley, 2012). Thus,
work-related rumination is not only related to past related issues but also related to future-oriented
demands / issues. Considering the fact that work and work-related tasks take more than one-third of a
day (Cropley & Zijlstra, 2011), it is expected for individuals to ruminate about work and work-related
issues. Hence work-related rumination has traits of both traditional rumination due to focusing on past
issues as well as traits of worry due to focusing on futuristic events / issues (Flaxman, Menard, Bond
& Kinman, 2012).

Over the years, researchers attempted to explore work-related rumination via various instruments. In
an instrument developed by Warr (1990), there is a subscale aiming at investigating work strain. After
more than a decade, Cropley and Millward-Purvis (2003) developed a three items measure that
explores the switching off from work process. In the following years, Sonnentag and Fritz (2007)
constructed and proposed an instrument, and one of the sub-scales of the instrument addressed
detachment from work. Even though previous research supported the idea that work-related
rumination has negative consequences, Cropley and Zijlstra (2011) argued otherwise indicating
“However thinking and reflecting about work issues can also have beneficial effects and can be
associated with positive connotations” (p. 10). As a result, the authors further proposed three distinct
types of work-related rumination, which are affective rumination, problem-solving pondering, and
detachment. Affective rumination is described as thinking negatively, disturbingly, and persistently
about work, which manifests unwanted emotions (Pravettoni, Cropley, Leotta & Bagnara, 2007).
Problem-solving pondering, on the other hand, is prolonged thinking about a work-related problem or
evaluating solutions on how it can be improved that does not evoke emotional arousal. Finally,
detachment is the ease to leave work behind (Cropley & Zijlstra, 2011). In 2012, Cropley,
Michalianou, Pravettoni, and Millward utilized this three-factor conceptualization and developed a
work-related rumination questionnaire. The aim of the questionnaire is to investigate how people think
about work-related issues (Cropley & Zijlstra, 2011).

The aforementioned questionnaire was utilized in several researches. In a study aiming at investigating
the relationship between work-related rumination, sleep quality, and work-related fatigue, the three
factors structure of the instrument was supported (Querstret & Cropley, 2012). Moreover, affective
rumination factor was confirmed via a study investigating the impacts of work-related rumination and
recovery on sleep and workplace incivility (Demsky, Fritz, Hammer & Black, 2018). While work-
related rumination questionnaire was widely utilized in English, it was translated into other languages.
Syrek Weigelt, Peifer and Antoni (2017) conducted a study using the German translation of work-
related rumination questionnaire that examined the indirect link between unfinished tasks and sleep
by affective rumination and problem-solving pondering. Moreover, in another study aiming at
investigating how affective rumination and problem-solving pondering impact overall wellbeing, the
Persian translation of work-related rumination questionnaire was utilized (Firoozabadi, Uitdewilligen,
& Zijlstra, 2018). According to the results of these two studies, affective rumination and problem-
solving are two distinct factors.

Purpose of the Study

Several rumination instruments have been translated into Turkish (Erdur-Baker & Bugay, 2010; Erdur-
Baker & Bugay, 2012; Karatepe, Yavuz & Tiirkcan, 2013); however, these translated instruments
mainly focused on traditional rumination that focuses on experiences happened in the past and mostly
on distress symptoms of individuals, namely emotional aspects of rumination. However, work-related
rumination is a combination of both past and future-oriented rumination. As a result, utilizing these
instruments to assess work-related rumination can be detrimental. There might be several triggers in
relation to work-related rumination. Querstret and Cropley (2012) indicated that some individuals
think about unfinished tasks while others ponder about a problem that needs to be addressed, and
others might evaluate unwanted issues at work or their relationship with their colleagues. Previous
research has been conducted in relation to work-related rumination and various other variables; such
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as sleep disturbances (Cropley et al., 2006; Querstret, Cropley, & Fife-Schaw, 2016; Querstret,
Cropley, Kruger & Heron, 2015; Syrek et al., 2017), fatigue (Querstret & Cropley, 2012; Querstret et
al., 2015; Querstret et al., 2016), exhaustion (Donahue et al., 2012; Firoozabadi et al., 2018),
depression (Hamesch, Cropley & Lang, 2014), cortisol level (Cropley Rydstedt, Devereux, and
Middleton, 2013; Rydstedt, Cropley, Devereux & Michalianou, 2009), well-being (Firoozabadi et al.,
2018; Hamesch et al., 2014; Querstret & Cropley, 2012; Syrek et al., 2017), work stressors (Hamesch
et al., 2014), work beliefs (Zoupanou, Cropley, & Rydstedt, 2013), unwinding process (Cropley &
Millward, 2009), and job strain (Cropley et al., 2006; Cropley & Millward-Purvis, 2003). Thus, in the
absence of a Turkish Work-Related Rumination Scale (T-WRRYS), it is not possible to garner further
information about Turkish workers’ rumination traits. Moreover, work-related rumination is a recent
phenomenon in literature, and there is no known study in Turkish literature in relation to work-related
rumination. Hence, it is crucial to translate and adapt the WRRS into Turkish in order to explore
possible underlying and associated factors that are related to work-related rumination. Therefore, the
aim of the current study is to translate and adapt work-related scale as well as to examine the factor
structure of the scale with Turkish sample. Additionally, this study will contribute to the body of
research by adding an instrument that can be utilized by researchers in this field.

METHOD

This study aimed at translating work-reated rumination scale into Turkish. In this section the
participants, data collection procedure, data collection tool, and the data analysis were described.

Participants

A total of 582 while-collar workers were included in the study. The demographics of participants were
shown in Table 1.

Table 1. Demographic Properties of Participants

N %
Gender Female 262 45.0
Male 320 55.0
Organization Public 294 50.5
Private 288 49.5
Age M £S.D.) 35.64 £9.995
Daily working hour (M + S.D.) 9.10+2.721
Year of work (M +S.D.) 10.45 +£9.392

Cropley et al. (2012) specified white-collar workers as full-time employees from administration,
banking, education, health, information technology, marketing, research/science, retail, human
resources, insurance, and consultancy. Current study followed similar path, and the occupation
composition of the participants was teacher (17.4%), retail (7.6%), administrator (6.9%), soldier /
policeman (6.9%), engineer (6.4%), nurse (5.8%), medical professionals (5.7%), human resources
(5.5%), officer (4.8%), doctor (4%), accountant (3.6%), businessman (3.4%), pharmacist (2.7%),
information technology specialist (2.6%), attorney (2.2%), banking/finance (2.1%), social worker
(1.5%), architect (1.4%), veterinarian (1.2%), faculty (1%), and other (7.4%, i.e. insurance agent,
technician, journalist, author, cosmetician, secretary and operator). Participants were predominantly
from Bartin. Remaining participants were from other cities of Turkey (istanbul, Ankara, Amasya,
Diizce, Kiitahya, Isparta, Samsun, Antalya) and reached out through personal communications via
snowballing effect.
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Data Collection Instrument

Work-related rumination scale

The scale was developed by Cropley et al. (2012). The factor structure of the work-related scale was
tested in a study aiming at investigating the relationship between work-related rumination and food
choice. In this study, a total number of 268 participants from administration, banking / finance,
consultancy, education, health, human resources, insurance, information technology, marketing, retail,
and research / science were sampled. The age of the participants ranged from 19 to 63. The scale has
twenty-five questions using a 5-point Likert scale (1 = very seldom or never, 2 = seldom, 3 =
sometimes, 4 = often and 5 = very often or always). According to the factor analysis, three factors
emerged accounting for nearly 70% of the variance with eigenvalues greater than one. Concerning
oblimin rotation, the variables having .40 or higher loads were retained; this resulted variables on a
single factor (Cropley et al., 2012). The results are presented in Table 2.

Table 2. Work-Related Rumination Scale Factor Loadings

Factor 1 Factor 2 Factor 3
Affective Rumination
Q1 75 A2 -.10
Q15 .93 -15 14
Q9 .78 .05 -11
Q7 .68 .06 -.20
Q5 .67 .19 -21
Problem-Solving Pondering
Q8 .26 .60 -17
Q4 40 .62 -.03
Q13 .29 .62 -.08
Q11 -.34 .86 .04
Q2 .06 .79 .02
Detachment
Q6 -.37 -.20 41
Q10 .10 .01 .78
Q14 -.02 13 .88
Q3 -.03 -.01 .83
Q12 -.08 -.10 .78
Eigenvalues 7.30 1.79 1.32
% of Explained Variance 48.72 11.97 8.82
Cronbach’s Alpha .90 .82 .86

Note: Factor loadings > .40 are in boldface. (M. Cropley, personal communication, January 25, 2016)

The final scale had 15 items with three factors each of which had five questions. Among all items only
item 6 is reverse coded. The first factor was called “affective rumination” that is defined as emotional
experiences of work-related thoughts (e.g. “Do you become tense when you think about work-related
issues during your free time?”; “Are you troubled by work-related issues when not at work?”’). The
second factor was called “problem-solving pondering” which was defined as thinking and reflecting
about work-related issues (e.g. “In my free time I find myself reevaluating something | have done at
work”, “I find solutions to work-related problems in my free time”). Finally, the third factor was called
“detachment” that was defined as the ability to switch off from work (e.g. “Do you find it easy to
unwind after work?”, “Do you leave work issues behind when you leave work?”). Cronbach’s Alphas
were reported .90 for affective rumination, .82 for problem-solving pondering, and .86 for detachment,
respectively (Cropley et al., 2012). Querstret and Cropley (2012) confirmed three factors for the scale,
indicating nearly 70% of the variance was explained by three factors. They reported Cronbach’s Alpha
.90 for affective rumination, .81 for problem-solving pondering, and .88 for detachment. In a study
utilizing German translation of the scale, Syrek et al. (2017) reported Cronbach’s Alphas .91 for
affective rumination and .84 for problem-solving pondering. They further indicated two-factor model
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was better in comparison to one-factor model. According to the results of a study using Persian
translation of the scale, Firoozabadi et al. (2018) reported Cronbach’s Alphas as .91 and .89 for
affective rumination and problem-solving pondering, respectively. The authors further indicated in
comparison to one-factor model two-factor model was a better fit.

Data Collection Procedure

Prior to translating the instrument, the required permission was taken from the original author of the
scale via e-mail. The original scale was translated into Turkish by three experts. Of the experts one of
them is specialized in translation and interpretation, the other one is specialized in English literacy,
and the last one is specialized in clinical counseling with good command of English. After the
translation was completed, the researchers finalized the Turkish version of the scale. In the next step,
back translation into English was conducted by an expert in the field of teaching English as a second
language. In order to assess the language compatibility, comprehensibility, and clarity of the items,
expert consultation was utilized. Experts recommended using my work instead of work due to language
connotations because in Turkish the word work cannot be interpreted as a profession. Another
recommendation was to use thinking on / about instead of reevaluating in order to provide better
comprehensibility. Taken into consideration all the recommendations, the scale was finalized, and the
pilot study was conducted for reliability and validity.

Data Analysis

In order to test the language validity of the scale, English and Turkish versions were administered to
the same participants. As a result, Spearman-Brown correlation coefficient was calculated.
Furthermore, construct validity was tested utilizing Confirmatory Factor Analysis (CFA). Finally, for
internal consistency Cronbach Alpha was used.

RESULTS

Validity Results

Language validity

The original and the Turkish version of the WRRS were administered in three weeks intervals to the
same participants (N = 16) who were faculty members and had good English proficiency. Spearman
Brown correlation coefficient results yielded that these two administrations were correlated for
affective rumination (r = .85; p < .05), problem solving pondering (r = .73; p < .05) and detachment (r
= .62, p <.05). This result indicated that the T-WRRS had language validity.

Confirmatory factor analysis

In order to evaluate whether the statistical analysis met the criteria, confirmatory factor analysis
assumptions were tested which were determining missing data and outliers, sample size,
multicollinearity, and examining univariate as well as multivariate normality (Tabachnick & Fidell,
2001; Ullman, 2012).

The data was collected from 607 participants, and it was screened for possible coding errors and
missing values for the analysis. Of the participants, eleven of them were excluded from the analysis
due to having inaccurate information. Moreover, fourteen outliers were detected and removed from
the data set utilizing box plots. Hence, a total of 582 participants were included in the analysis.
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Despite there is no consensus regarding what constitutes adequate sample size for CFA; Klein (2005)
said that the parameter and observation ratio needs to be at least 10:1, and Worthington and Whittaker

(2006) said that sample size 300 > is acceptable. Thus, sample size (N = 582) is adequate for
conducting CFA.

In order to test multicollinearity assumption, VIF and tolerance (T) indices were utilized. In the data
set VIF value was found to be lower than 10, and T value was different than zero. This result was
indicative of no multicollinearity (Hair, Black, Babin, Anderson & Tatham, 2014).

Concerning normality, the univariate normality assumption was tested utilizing skewness and kurtosis
values as well as their critical ratios. According to the results, skewness values ranged from -0.569 to
0.498 and kurtosis values ranged from -1.111 to -0.363. Schumacker and Lomax (2004) indicated that
if skewness and kurtosis values are between + 1.5, the data is distributed normally. This result indicated
a normal distribution. Furthermore, maximum likelihood estimation method requires multivariate
normally distributed data (Bollen, 1989 as cited in Byrne, 2010; Brown & Moore, 2012; Byrne, 2010).
Although there are various measures to test multivariate normality, Mardia’s (1970) measure is the
widely utilized one. According to Mardia if p values for skewness and kurtosis are greater than .05,
multivariate normality is met (Cain, Zhang, & Yuan, 2016). In current study p values were found to
be greater than .05, so it can be said the data was clearly multivariate normal.

CFA was conducted sampling 582 participants using IBM SPSS and AMOS 23 software. Firstly, CFA
model was created using three factors as latent traits as well as items as observed variables. This model
was shown in Figure 1.
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In the second stage, the maximum likelihood method was used in estimating the model. It was aimed
to estimate the parameters including the errors of the observed variables, the variances of latent

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 427
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

variables, and the regression coefficients related to the paths drawn from the latent variables to the
observed variables. Parameter’s estimated value, standard error, and critical ratio are given in
Appendix A.

Lastly, in order to test the adequacy of model fit, a number of fit indices were used. Several researchers
reported good and acceptable fit indices for the adequacy of model fit (Hu & Bentler, 1999; Kline,
2005; Meydan & Sesen, 2011; Tabachnick & Fidell, 2001). These aforementioned fit indices as well
as present study’s fit indices were presented in Table 3.

Table 3. T-WRRS CFA Model Fit Indices and Criterion Values for Good and Acceptable Fit

Indices T-WRRS fit indices Noble Fit Acceptable Fit
yldf 4.04 0 <y¥df<3 3<y®df<5

GFI 0.92 95<GFI<1 .90 < GFI<.95

IFI 0.91 95<IFI<1 .90 <IFI <.95

TLI 0.91 95 <TLI<1 90 <TLI <.95
CFI 0.91 95<CFI<1 90 <CFI<.95
RMSEA 0.072 .00 <RMSEA <.05 .05<RMSEA <.08
SRMR 0.059 .00 <SRMR <.05 .05< SRMR <.10

Note: GFI = Goodness of Fit Index, IFI = Incremental Fit Index, TLI = Tucker-Lewis Index, CFI = Comparative Fit Index,
RMSEA = Root Mean Square Error of Approximation, SRMR = Standardized Root Mean Square Residual.

When the fit indices for the present study were compared to good fit and acceptable fit indices criterion,
it was concluded that the values y/df, GFI, IFI, TLI, CFl, RMSEA, and SRMR met the criterion for
acceptable fit.

Reliability Analysis

Reliability of the T-WRRS was examined by assessing the internal consistency coefficient Cronbach’s
Alpha. The reliability results are shown in Table 4.

Table 4. Reliability Analysis Results for T-WRRS

Sub-Scale Item No Item Total Correlation Cronbach’s Alpha
Q1 51 .79
Q5 .60

Affective rumination Q7 .58
Q9 .56
Q15 .59
Q2 A7 .73
Q4 .50

Problem-solving pondering Q8 .52
Q11 .50
Q13 45
Q3 .62 .79
Q6 .65

Detachment Q10 51
Q12 .63
Q14 43

Nunnally (1978) indicated that the acceptable reliability value is > .70. According to the results,
Cronbach’s Alphas for affective rumination, problem-solving pondering, and detachment were all
above .70, which indicates acceptable reliability. Furthermore, item-total scale correlation of .30 or
higher was considered acceptable for each item in the scale (Alpar, 2012; Sencan, 2005). It can be seen
in Table 4 that all the item-total correlation coefficients were greater than .30. Hence, all items were
retained in the scale.
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DISCUSSION and CONCLUSION

The aim of the study was to adapt the WRRS into Turkish. For this purpose, factor analysis and
reliability analysis were utilized. When item analysis was investigated, it was found that all items in
the scale had adequate discrimination. According to confirmatory factor analysis results, current study
results yielded three factors; affective rumination, problem-solving pondering, and detachment, which
was similar to previous research findings (Cropley et al., 2012; Querstret & Cropley, 2012). It can be
interpreted that Turkish translation factor structure was consistent with the original factor structure.
WRRS was translated into German and Persian. According to current study results, factor structure of
the scale was similar to German translation (Syrek et al., 2017) as well as Persian translation
(Firoozabadi et al., 2018). It can be said that WRRS can be utilized in different cultural contexts and
present psychometrically sound results. The reliability procedure of T-WRRS was carried out by the
calculation of internal consistency coefficient (Cronbach Alpha). Similar to previous study findings
(Cropley et al., 2012; Firoozabadi et al., 2018; Hamesch et al., 2014; Querstret & Cropley, 2012; Syrek
et al., 2017), the results demonstrated high internal consistency estimates for T-WRRS. In sum, it can
be said that T-WRRS had adequate psychometric properties and can be utilized in Turkish culture.
Additionally, CFA showed adequate model fit for study data providing cross-cultural evidence for the
construct validity.

Although future research is required, the current study is assumed to extend the knowledge and
research on work-related rumination. The T-WRRS can be utilized by experts in the field of
occupational psychology, business, and administration in order to understand and assess workers’
work-related rumination traits. Additionally, it is hoped that current results can aid cross-cultural
studies. Previous research indicated work-related rumination has several side effects, i.e. fatigue, job
strain, and it was suggested that by utilizing T-WRRS these areas, as well as other associations, can
be examined in detail. Future research can further knowledge regarding possible associations,
antecedents, and consequences of work-related rumination.

Despite the fact that the results of the current study are promising, there are several limitations
regarding sampling and analysis. This study sample was limited to white-collar workers. Future
research can focus on different samples other than white-collar workers to validate the scale.
Moreover, criterion-related validity procedure was not conducted due to the lack of instruments to
assess work-related rumination. Hence, further research on the psychometric properties of this scale is
needed.
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Issel Ruminasyon Ol¢eginin Tiirk¢eye Uyarlama Calismasi

Girig

Mesai bitimindeki zaman bireylerin isleri ile ilgili gorev ve sorumluluklarindan ayrigtigi bir zaman
dilimi olmalidir. Fakat, birgok birey bu ayrismay1, yaptig1 isin gerekliliklerinden tiirii basaramaz. isle
ilgili diisiincelerden kopamamak ruminasyon olarak tanimlanmistir (Cropley, Dijk & Stanley. 2006;
Roger & Jamieson 1988). Ruminasyon alanyazinda klinik psikoloji alaninda siklikla kullanilmig ve
genellikle ruminasyonun duygusal yapisindan bahsedilmistir. Nolen-Hoeksema, Wisco ve
Lyubomirsky (2008) ruminasyonu, stress semptomlar1 ve duygulara odaklanarak tekrar eden diistinme
stireci olarak tanimlamistir. Bireylerin isleri ile ilgili ruminatif halleri alanyazinda ¢ok yer almamasi
sebebiyle endiistri psikolojisi alan1 bu kavram iizerine dikkat ¢gekmistir ve is ile ilgili ruminasyon issel
ruminasyon olarak ele alinmaya baslamistir. Bireylerin giinlerinin tigte birlik kismini islerine
ayirdiklart goz oniine alindiginda (Cropley & Zijlstra, 2011), isle ilgili konularda ruminatif diisiincede
olmalar1 beklenir. Cropley ve Zijlstra (2011) yazdiklari kitaplarinda isse/ ruminasyonu is/isler ile ilgili
tekrar eden diisiince/diisiinceler olarak tanimlamiglardir. Alanyazinda igsel ruminasyonun olgiilmesi
icin gelistirilmis birkag tane 6lgek bulunmaktadir (Cropley ve Millward, 2003; Cropley, Michalianou,
Pravettoni & Millward, 2012; Sonnentag & Fritz, 2007; Warr, 1990).
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Yapilan ¢aligmalar igsel ruminasyon konusunun &nemli oldugunu ortaya koymustur. Tirkiye’de
ruminasyon kavramina iligkin 6l¢ek uyarlama ¢alismalar1 yapilmistir (Erdur-Baker & Bugay, 2010;
Erdur-Baker & Bugay, 2012; Karatepe, Yavuz & Tiirkcan, 2013); ancak, bu 6lgeklerin ruminasyonun
duygusal boyutu ile ilgili oldugu goriilmektedir. Cropley ve Zijlstra (2011) geleneksel ruminasyonun
aksine, ruminasyonun duygusal boyutu ile ilgili, issel ruminasyonun hem duygusal hem de bilissel
boyutu oldugunu séylemektedir. Arastirmacilarin bu séylemi géz 6niine alindiginda alanyazinda is ile
ilgili ruminatif diisiincelerin incelendigi bir arastirmaya rastlanamamstir. Onceki arastirmalar igsel
rumimasyonun farkli degiskenlerle iliskisi oldugunu ortaya koymustur; 6rnegin, uyku diizensizlikleri
(Cropley ve dgerleri, 2006; Querstret, Cropley & Fife-Schaw, 2016; Querstret Cropley, Kruger &
Heron 2015; Syrek Weigelt, Peifer & Antoni, 2017), yorgunluk (Querstret ve Cropley, 2012; Querstret
ve digerleri, 2015; Querstret ve digerleri, 2016), kortizol seviyesi (Cropley Rydstedt, Devereux &
Middleton, 2013), iyi olus hali (Firoozabadi, Uitdewilligen & Zijlstra, 2016; Hamesch, Cropley &
Lang, 2014; Querstret ve Cropley, 2012; Syrek ve digerleri, 2017), is stresi (Hamesch ve digerleri,
2014), is inanglar1 (Zoupanou, Cropley & Rydstedt, 2013), ise baglilik (Cropley ve Millward, 2009),
ve is gerginligi (Cropley, Millward-Purvis, 2003; Cropley ve digerleri, 2006). Calisan bireylerin
ruminatif disiincelerinin ve bu diisiincelerin sonucu olan degiskenlerin belirlenmesi ve iyilestirme
caligmalarinin yapilabilmesi i¢in Tiirkge bir Slcege ihtiyag duyulmaktadir. Bu aragtirmanin amact,
Cropley ve digerleri (2012) tarafindan gelistirilen issel ruminasyon Olgeginin Tirk kiiltiiriine
uyarlamaktir.

Yontem

Aragtirma 582 calisan iizerinde gerceklestirilmistir. Katilimeilar, Cropley ve digerlerinin (2012)
caligmalarinda bahsettigi iizere beyaz yakali ¢alisanlardan olusturulmustur.

Veri toplama araci olarak Cropley ve digerleri (2012) tarafindan gelistirilen issel ruminasyon (iR)
Olcegi kullanilmistir. Toplam 15 madde ve 3 alt boyuttan olusan oOl¢ek, 5°1i Likert tipinde
gelistirilmistir. Olgekte yer alan birinci, besinci, yedinci, dokuzuncu ve on besinci maddeler
“duygusal”, ikinci, dordiincii, sekizinci, on birinci ve on tgiincii maddeler “problem ¢6zme” ve
ti¢lincti, altinci, onuncu, on ikinci ve on dordiincti maddeler ise “kopma” alt boyutunu olusturmustur.

Arastirmacilar tarafindan 6lgek Tiirkce’ye geyrilmis ve dil gegerligi gal‘lsmalarl yapilmustir. Olgegin
dil gegerligini sagladigi sonucuna varilmistir. Issel Ruminasyon Tiirk¢e (IR-T) dlgeginin yap1 gegerligi
icin dogrulayici faktor analizi ve giivenirligini belirlemek i¢in Cronbach Alfa kullanilmustir.

Sonuc ve Tartisma

Dil gecerligi icin IR ve IR-T &lgekleri Ingilizce okudugunu anlama becerisine sahip akademisyenlere
iic hafta arayla uygulanmis ve her iki uygulama arasindaki Spearman Brown korelasyon katsayisi
hesaplanmustir. Analiz sonucunda duygusal alt boyutu (r = .85; p <.05), problem ¢6zme alt boyutu (r
=.73; p < .05) ve kopma alt boyutunda (r = .62, p < .05). 6lgegin dil gegerliginin oldugu sonucuna
varilmustir.

Dogrulayici Faktor Analizinde (DFA) ilk olarak sayiltilar test edilmistir. 607 katilimcidan elde edilen
veri setinde kayip veri ve aykir1 deger olup olmadigi arastirilmistir ve 25 katilimer analizden disinda
tutulmustur. Orneklem biiyiikliigii > 300 oldugu igin yeterli gériilmiistiir (Worthington ve Whittaker,
2006). Normallik sayiltisi i¢in oncelikle AMOS’da ¢arpiklik, basiklik ve kritik degerler incelenmistir.
Cok degiskenli normallik i¢in ise Mardia (1970) tarafindan gelistirilen ¢cok degiskenli basiklik degeri
hesaplanmistir ve eldeki verinin ¢ok degiskenli normallik gosterdigi sonucuna varilmistir (p > .05).
Coklu baglantililik sayiltisi i¢in varyans artis faktorii (VIF) ve tolerans (T) degerleri incelenmis ve
¢oklu baglantililik sorunu olmadigi saptanmistir. DFA yapmak igin sayiltilarin saglanmasindan sonra,
ii¢ faktoriin gizil degisken, bu faktorleri olusturan ifadelerin de gdsterge degisken olarak yer aldig 1.
dereceden dogrulayici faktdr analizi modeli kurulmustur. ikinci asamada, model tahminlenirken
yapisal esitlik modellerinde siklikla kullanilan ve verilerin normal dagilmadigi durumlarda bile
giivenilir sonuglar veren en ¢ok olabilirlik yontemi kullanilmis, gozlemlenen degiskenlerin hatalarimin,
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gizil degiskenlerin varyanslar1 ve gizil degiskenlerden gbzlenen degiskenlere dogru ¢izilen yollara
iligkin regresyon katsayilarim1 kapsayan parametrelerin tahmin edilebilmesi amaglanmistir. Son
asamada ise ii¢ faktorlii 1. dereceden olusturulan dogrulayici faktor analizi modeli i¢in uyum indeksleri
incelenmistir. Elde edilen uyum degerlerine bakildiginda, x?/ sd (4.04), GF1 (.92), IF1 (.91), CFI (.91),
TLI (.91), RMSEA (.072) ve SRMR (.059) degerlerinin iyi oldugu goriilmiis ve issel ruminasyon
Olgeginin 15 ifadeden olusan 3 faktorlii yapisinin (duygusal, problem ¢dzme, kopma) genel olarak iyi
uyum sagladig: goriilmektedir. IR-T igin elde edilen sonuglar 6nceki arastirmalarla (Cropley ve
digerleri, 2012; Querstret ve Cropley, 2012) benzerlik gostermis ve ii¢ boyut dogrulanmistir.

IR-T 6lgeginin giivenirligini belirlemek amaciyla Cronbach Alfa katsayisi hesaplanmistir. Duygusal,
problem ¢6zme ve kopma boyutlarinin giivenirlikleri sirasiyla .79, .73 ve .79 olarak hesaplanmstir.
Bu degerler daha Onceki arastirmalarla benzerlik gostermektedir (Cropley ve digerleri, 2012;
Firoozabadi ve digerleri, 2018; Hamesch ve digerleri, 2014; Querstret ve Cropley, 2012; Syrek ve
digerleri, 2017). Uyarlanan 6l¢egin giivenirliginin oldugu sonucuna varilmistir. Gegerlik ve giivenirlik
calismalar1 sonucunda IR-T &lgeginin Tiirkge adaptasyonunun gecerli ve giivenilir oldugu sonucuna
varilmistir. Yapilan arastirmada IR-T dlgeginin uygulandig1 grup orijinal dlgektekine benzer sekilde
beyaz yakalilardan olusturulmustur. Tiirkiye’deki farkli meslek gruplari iizerinde de uyarlanan IR-T
formunun uygulanmasi 6nerilebilir.
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Appendix A: Regression Weights of T-WRRS CFA Model
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The Turkish Adaptation of the Statistics Anxiety Scale for
Graduate Students *

Nese GULER ** Giilsen TASDELEN TEKER *** Mustafa [ILHAN ****

Abstract

In this study, it was aimed to adapt the Statistical Anxiety Scale (SAS) developed for graduate students by Faber,
Drexler, Stappert and Eichhorn to Turkish. The research was carried out on 375 students attending graduate
education in any field in Turkey. In the study, construct validity of the SAS was investigated via exploratory
factor analysis (EFA) and confirmatory factor analysis (CFA). Parallel analysis method was also used in making
decision about factor number of the scale. In the EFA and parallel analysis, a unidimensional structure was
obtained in line with the results acquired in the factor analysis of the original form of the SAS. However; since
the original form of the SAS was designed by foreseeing a three-dimensional structure of worry, avoidance and
emotionality, both unidimensional and three-dimensional structures were tested in CFA. The fit indices reported
in CFA were found to be within acceptable limits for both models. In the reliability analysis, Cronbach Alpha
internal consistency coefficient was calculated as .91 for the whole scale, and it was found to be .91, .83, and .91
for worry, avoidance and emotionality dimensions, respectively. It was determined that item correlations exceed
the lower limit of .30 for all items in the scale. Ferguson Delta statistic, which provide evidence for the
discriminatory power of the entire scale, was determined as .98. These results suggest that the Turkish form of
the SAS vyields valid and reliable measures.

Key Words: Statistics anxiety, graduate students, scale adaptation, validity, reliability.

INTRODUCTION

One of the most important stages of scientific research process is to analyse the collected data via
appropriate methods (Giirbliz & Sahin, 2017). The appropriate method for data analysis differs
depending on the way the data is collected and the problems sought in the research. In the most general
sense, the data are analysed through descriptive analysis or content analysis if a qualitative study is
conducted (Yildinm & Simsek, 2016); but statistical techniques are used in the quantitative studies. In
this context, a researcher conducting a quantitative study needs to be knowledgeable about statistics.
Of course, it does not mean that a researcher conducting qualitative study does not need knowledge of
statistics. This is because knowledge of statistics is necessary not only for analysing a researcher’s
own data but also for following the literature and understanding the conducted studies (Tan, 2016).
For this reason, statistics is considered as an instrument complement scientific research (Sutarso,
1992), and anybody doing scientific study is expected to be trained in statistical techniques beside
research methods (Erkus, 2011). Due to this, at least one statistical course is compulsory in almost all
of the graduate education programmes in the social, educational, and behavioural sciences. Yet, taking
a statistics course can turn into a negative experience for many students attending graduate
programmes (Collins & Onwuegbuzie, 2007). Therefore, most students postpone taking statistics
related courses as far as possible and prefer taking them at the last semester (Roberts & Bilderbeck,
1980). Such behaviours displayed by students against statistics is referred to as statistics anxiety.
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Statistics Anxiety

Statistics anxiety is described as situational anxiety arising while taking a statistics course or doing the
statistical operations such as collecting and analysing the data, and interpreting the outputs of the
analyses (Cruise, Cash & Bolton, 1985; Onwuegbuzie, Da Ros, & Ryan, 1997). The study conducted
by Onwuegbuzie (2004) reports that approximately 80% of graduate students have statistics anxiety.
Statistics anxiety can influence students’ ability to comprehend the articles, analyse and interpret the
data (Onwuegbuzie, 1997a) and thus their achievement in statistics (Fitzgerald, Jurs & Hudson, 1996;
Lalonde & Gardner, 1993; Onwuegbuzie & Seaman, 1995) and research methods courses
(Onwuegbuzie, Slate, Paterson, Watson, & Schwartz, 2000), and even whether or not they will
graduate from the programme they have enrolled in the long run (Onwuegbuzie, 1997b as cited in
Rodarte-Luna & Sherry, 2008).

A review of relevant literature demonstrates that several studies concerning statistics anxiety have
been conducted especially in the last 30 years in social sciences (Beurze, Donders, Zielhuis, Vegt &
Verbeek, 2013). The remarkable results obtained from relevant studies can be summarized as
followings: Students with weak mathematical background or limited education in mathematics have
higher statistics anxiety (Baloglu, 2003; Baloglu & Zelhart, 2004; Primi & Chiesi, 2018; Roberts &
Saxe, 1982; Wilson, 1997; Zeidner, 1991); there are positive correlations between statistics anxiety
and tendencies to put off assignments in graduate education (Onwuegbuzie, 2004); students consider
statistics as a barrier in front of academic career (Onwuegbuzie, 1997b as cited in Rodarte-Luna &
Sherry, 2008); reading skills significantly affect statistics anxiety (Collins & Onwuegbuzie, 2007).
The studies intending to determine the effects of such demographic variables as gender and age, on
the other hand, has obtained differing findings. Sutarso (1992) found that there were no significant
differences between male and female students’ statistics anxiety; Baloglu (2003), Benson (1989) and
Rodarte-Luna and Sherry (2008), however, found that female students had significantly higher
statistics anxiety than male students. While Beurze et al. (2013) found that statistics anxiety did not
differ according to age, Baloglu (2003) found that there was increase in statistics anxiety through age.

Measuring Statistics Anxiety

Measurement tools created by using mathematics anxiety scales were used in earlier studies on
statistics anxiety (Pan & Tang, 2005). Statistics anxiety scale developed by Pretorius and Norman
(1992) and statistics anxiety inventory developed by Zeidner (1991) can be given as examples to such
measurement tools (Chiesi, Primi & Carmona, 2011). In later studies, however, it was emphasised that
mathematics anxiety and statistics anxiety were related but that they were distinct structures, and thus
the validity of statistics anxiety scales prepared with reference to mathematics anxiety scales was
guestioned (Onwuegbuzie & Wilson, 2003). Thus, scales intended to measure directly statistics
anxiety were developed. Of them the most frequently used one is the Statistics Anxiety Rating Scale
which was developed by Cruise et al. (1985) and whose psychometrical properties were analysed more
recently by Baloglu (2002); Chew, Dillon and Svinbourne (2018); Hanna, Shevlin and Dempster
(2008); Liu, Onwuegbuzie and Meng (2011); Maat and Rosli (2016); Nesbit and Bourne (2018) and
Teman (2013). This five-pointed Likert type scale contains 51 items and six subscales labelled as
worth of statistics, interpretation anxiety, test and class anxiety, computational self-concept, fear of
asking for help, and fear of statistics teachers.

Onwuegbuzie and Wilson (2003) stated in their review study that the Statistical Anxiety Rating Scale
(Cruise et al., 1985) was the most known and widely used scale on the subject. However, the fact that
this scale was very long in length and also considered constructs such as attitude and self-concept in
addition to anxiety (Chiesi et al., 2011) paved the way for studies aiming to develop measurement
tools which were more useful and which were to measure only statistics anxiety. One of those studies
was performed by Vigil-Colet, Lorenzo-Seva and Condon (2008). The researchers aimed to include in
the literature a measurement tool which contained items reflecting only statistics anxiety and which
was short enough to use easily. In accordance with their purpose, they developed a 24-item, three-
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factor (test anxiety, asking for help anxiety and interpretation anxiety) statistics anxiety scale in
Spanish sample. Another contemporary measurement tool for statistics anxiety is the 17-item scale
developed by Faber, Drexler, Stappert and Eichorn (2018). The scale was developed with the
participation of graduate students in educational sciences and in special education. A close
examination of the items in the scale makes it clear that the audience is not restricted only to students
in the field of education. Hence, the scale is applicable with graduate students in diverse areas who
come across statistics in the papers they read or in the research they do.

Statistics Anxiety Scales Available in Turkish Literature

Four different measurement tools are found on searching for the concept of statistics anxiety (istatistik
kaygis1) on Turkish pages in Google search engine. One of them is Statistics Attitudes Scale developed
by Koklii (1994). The researcher concluded that the scale can be considered as both single factor and
four factors as a result of the principal components analysis applied to the statistical attitude scale and
called one of the factors in the four-factor scale as statistics anxiety. The second scale was developed
by Koklii (1996) and the third one was developed by Yasar (2014). The one developed by Koklii
(1996) is intended directly to measure statistics anxiety. The scale developed by Yasar (2014), on the
other hand, was prepared to measure attitudes towards statistics and statistics anxiety is only one of its
five factors. The property in common in the scales developed by Koklii (1994, 1996) and Yasar (2014)
is that they both are directed to undergraduate students and that they do not contain items
corresponding to the basic components of graduate education such as reading scientific articles, doing
scientific research and presenting it. The fourth measurement tool available on the Turkish pages of
Google search engine is the statistics anxiety rating scale. Yet, on examining the studies using the
scale, it was found that there was no mention of a form of adaptation into Turkish. That is to say, even
though there were studies in Turkish using the statistics anxiety rating scale (Baloglu & Zelhart, 2004;
Baloglu, Kogak & Zelhart, 2007), the studies were performed in Texas in the USA by using the original
form of the scale. No studies in which the Turkish adaptation of the scale was used were available.

Purpose of the Study

The objectives and contents of statistics courses taught at undergraduate and graduate levels are
different. The main reason for this difference is related to the competencies that graduates should have.
At the undergraduate level the topics such as basic concepts of statistics, reading and interpretation of
tables and graphs, calculation of descriptive statistics, calculation and interpretation of simple
correlation coefficients are covered. On the other hand, at the graduate level individuals are expected
to carry out the statistical process from start to finish by planning a scientific research and so the scopes
expand. In other words, the graduate student is a researcher who is accepted as an expert in the related
field. For this reason, statistical anxiety scales for graduate students must contain items that correspond
to the basic elements of graduate education such as reading, conducting and presenting scientific
studies.

Differences in the content of statistics courses taught at undergraduate and graduate levels make it
inevitable that the scales related to the anxiety, attitude or self-efficacy towards statistics as prepared
for these educational levels will also differ. In this sense, it is considered that the use of statistical
anxiety scales developed for undergraduate students to measure the statistical anxiety of graduate
students is not correct. When the Turkish literature was analysed from this perspective, it has seen that
the measurement tools developed to determine the statistical anxiety were limited to the scales for the
undergraduate students. Therefore, a Turkish scale usable in determining graduate students’ statistics
anxiety was needed. In this context the present study aims to adapt the Statistics Anxiety Scale (SAS)
developed by Faber et al. (2018) for graduate students into Turkish.
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METHOD

This research, which aims to adapt SAS into Turkish, is a descriptive study. Descriptive research aims
to present and interpret the current situation as it is. These researches give a snapshot of beliefs,
thoughts, emotions and behaviours at a given time and place (Stangor, 2010). Descriptive research can
be quantitative or qualitative oriented. Generating numerical data, requiring selection of a sample that
can represent a large population, providing inferential and explanatory information, gathering
standardized information obtained by applying the same measurement tool to all participants,
capturing data mostly from scales, multiple choice tests, questionnaires, etc. are typical features of
guantitative-oriented descriptive research (Cohen, Manion & Morrison, 2007). When these features
are taken into consideration, studies aimed at developing, adapting or revising the measurement tools
can be expressed as quantitative oriented descriptive studies.

Study Group

In reaching the participants of the research, three different paths were followed. First of all, the scale
was applied face to face to the students who have taken the statistics course and who continue their
graduate education in the faculty where the researchers work. The number of participants to whom the
scale was applied face to face was 25. Then, the researchers searched as master student and doctoral
student in google scholar and they limited search results to 2019. In this manner it was reached to the
articles with postgraduate student(s) among its authors. Subsequently, these articles were reviewed to
see if they contain statistical analyzes or whether the relevant field of the article requires statistical
information. If the article contains statistical analyzes, or it is related to a field (educational sciences,
field education, biostatistics etc.) where its authors are expected to have knowledge of statistics, the e-
mail address of the article’s author(s) who is at graduate level was recorded and the scale was sent to
this author(s) via e-mail. Finally, the websites of universities were scanned and the e-mail addresses
of the research assistants who indicated that they were continuing their graduate education in their
resumes and that they required statistical information of the graduate program in which they were
registered were recorded, and the scale was delivered electronically to these research assistants. The
number of participants who answered the scale electronically was 350. Finally, a total of 375
participants who continue graduate education at any university in Turkey was reached. Of the
participants 233 (62.10%) were female and 142 (37.90%) were male. The participants’ ages ranged
between 22 and 57 (X = 30.06, SD = 5.58), but two of them did not indicate their age. The distribution
of the participants according to the institute where they are registered, the stage of graduate education
they were at and whether they had taken a statistics course is shown in Table 1.

Table 1. Information on the Institute where the Participants are Registered, the Stage of Graduate
Education They are at and Whether They Have Taken a Statistics Course Before

Variable Categories of the Variable Frequency  Percent
The institute  Educational Sciences 276 73.60
where the  Social Sciences 62 16.53
participants  are  Health Sciences 25 6.67
registered Pure Science 11 2.93
Uncertain 1 .27
Stage of the Master-course 116 30.90
participants in  Master-theses 56 14.90
graduate PhD course 58 15.50
education Preparation for PhD proficiency exam 21 5.60
PhD theses 124 33.10
Whether to take Who takes courses related to statistics neither at undergraduate 43 11.50
the courses related  education nor at graduate education
to statistics before  Who takes at undergraduate level only 74 19.70
Who takes courses related to statistics at graduate level only 97 25.90
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Who takes courses related to statistics at both undergraduate and 161 42.90
graduate level

The majority (73.87%) of the participants in the study group have been registered in one of the graduate
programmes of educational sciences and teacher training basic field. Yet, there were also graduate
students registered in such diverse programmes as medical training, tourism and hotel management,
private law, and finance. They were included in the study group due to the fact that they also needed
knowledge of statistics in their graduate courses and in their scientific studies.

Data Collection Tool

The research data were collected through SAS-which was developed by Faber et al. (2018) and which
this study aims to adapt into Turkish. The scale is in four-pointed Likert type and it contains 17 items.
There is no reverse scored item in the scale. While developing the original form of the scale a three-
dimensional structure has been foresighted. Table 2 shows information on this three-dimensional
structure.

Table 2. Foresighted Structure while Developing the Original Form of the SAS
Dimension Number of Items Sample Item

Worry 8 If | had to comment on statistical data in a course, | would be worried that | would
make a fool of myself.

Avoidance 4 When presentation topics are being assigned in the course, | would make sure that |
receive a topic that doesn't involve statistics.

Emotionality 5 I would be quite nervous if | were asked to explain a chart from a research report.

Although the scale was designed as having three factors as is shown in Table 2, the principal
components analysis could not statistically separate the three anxiety components and thus the SAS
had a single-factor structure. In unidimensional structure, the explained variance rate was determined
as 43.59% and it was found that the factor loadings of the scale items ranged from .49 to .76. The
reliability of the measures obtained with SAS was tested through Cronbach’s Alpha internal
consistency coefficient and was detected as .92. The corrected total item correlations calculated for
item discrimination were reported to range between .44 and .70.

Faber et al. (2018) stated that the fact that the SAS showed a statistically single-factor structure does
not prevent commenting on the basis of subscales and that evaluation can be made on the subscales’
scores in addition to the total score. SAS scores range from 17 to 68. High scores from both the whole
scale and the subscales indicate a high level of statistical anxiety.

Translating the Scale into Turkish

Primarily the researchers who had developed the original form of the scale were contacted in adapting
the scale into Turkish. Thus, Giinter Faber was sent an e-mail on 10 November 2018 to get the
permission for Turkish adaptation of the scale. The e-mail of Giinter Faber’s approval of the adaptation
was received on 11 November 2018 and the process of adaptation was thus started.

The first step in the adaptation process is to translate the scale from English to Turkish. When
translating the measurement tool from the source language to the target language, there are four
different methods that can be used: judgmental single-translation, judgmental back-translation,
statistical single-translation and statistical back-translation (Hambleton & Bollwark, 1991). In present
study, judgmental single-translation method was used. In this method, one or more translators translate
the scale from the source language to the target language, then another group compare the original
form with the translation form to determine whether the two forms are linguistically equivalent and
they change the translation form if deemed necessary (Hambleton & Kanjee, 1993). Accordingly, the
items of the SAS were translated into Turkish by five experts three of whom were experts in
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measurement and evaluation, one of whom was an expert in social studies education and one of whom
was an expert in curriculum and instruction. Another expert in English language was not needed
because the expert in curriculum and instruction was a graduate of English Language Teaching. After
the five experts had translated the scale independently of each other, the translations were brought
together and the Turkish equivalents which were thought to reflect the items in the best way were
chosen. Then, the Turkish form was presented to the two different experts together with the original
form of the scale and the experts were asked to examine whether the two forms were equivalent. Both
experts stated that the two forms were generally equivalent to each other. Only one of the experts
stated that the item-15 in the scale did not fully reflect the original form and proposed revision for the
relevant item. The revision proposed by the expert has been adopted by the researchers and the
necessary translation has been changed.

Four-pointed rating was adopted in the Turkish version of the scale as in its original version and the
scale categories were labelled as absolutely disagree (1), slightly agree (2), quite agree (3) and
absolutely agree (4). To test the intelligibility of the translations, the scale was applied to three research
assistants who were studying for their PhD. After the feedback from the three research assistants that
the scale items were clear and comprehensible, the Turkish form of the SAS (Appendix A) was ready
for use. It was difficult to reach a large sample of graduate students. That’s why, the researchers
thought it was unlikely to reach two different study groups, one in the pilot and the other in the actual
application. Consequently, after testing the intelligibility of the scale items on a small group, the actual
application of the scale was started; no pilot study was included.

Data Collection and Analysis

The research data were collected online in the period between 27 November 2018 and 05 February
2019. Within the scope of psychometric properties of the measures collected by the Turkish form of
the SAS; construct validity, internal consistency reliability and discrimination power have been tested.
Exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were done for the construct
validity of the SAS, and additionally, parallel analysis method was used to determine the number of
factors. The studies in the literature (Fabrigar, Wegener, MacCallum & Strahan, 1999; Macfarlane,
Meach & Leroy, 2014; Raykow & Marcoulides, 2011) recommend that EFA and CFA be conducted
with data obtained from different samples. The reason for this is that EFA includes some subjective
decisions by the researcher. Considering that the EFA is based on a single sample, it is critical to retest
the factor structure obtained in EFA on a fresh data. For this purpose, the data set is randomly splitted
in half, so that the first half is used for EFA and the second half is used for CFA. Essentially, CFA
tries to recreate the structure found in EFA in a different dataset. Hence, the data set was randomly
divided into two according to the participant numbers prior EFA and CFA were performed.
Accordingly, the data files with odd numbers were used for EFA whereas the data files with even
numbers were used for CFA. Thus, there were 188 participants in the data set to which EFA was
applied and there were 187 participants in the data set to which CFA was applied. The data set used in
EFA was used also in parallel analysis. Because in parallel analysis, the eigenvalues obtained as a
result of EFA are used when deciding the number of factors (Pallant, 2005).

Before starting the analyses, the skewness and kurtosis coefficients were examined to get an idea about
the distribution of the data. Table 3 shows the skewness and kurtosis coefficients obtained for the
overall and sub-scales of SAS in the data sets where AFA and CFA are conducted.

Table 3. Skewness and Kurtosis Coefficients of Data Sets in which EFA and CFA Conducted

Data set used in EFA Data set used in CFA

Skewness Kurtosis Skewness Kurtosis
Worry .92 31 91 .02
Avoidance 1.47 1.45 1.46 1.47
Emotionality 1.06 45 1.02 .03
The whole scale 1.08 .50 1.00 -.00
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When the skewness and kurtosis coefficients in Table 3 are examined, it is seen that they are all within
+2 range. In perfectly symmetrical normal distribution, the coefficients of skewness and kurtosis are
equal to zero. However, as a rule of thumb values for skewness and kurtosis between £2 is interpreted
as the distribution does not show a significant deviation from normal (Bachman, 2004). Accordingly,
it can be said that the research data meet the assumption of normality.

Another indicator that can provide evidence for the normality of the research data is the number of
participants in the study group. Indeed, Kirk (2007) points out that in large enough samples, the data
approach normal distribution and that a sample of 100 people is sufficient to reach a normal
distribution. Similarly, Waternaux (1976) found that when the sample size was over 100, the effect of
skewness and kurtosis of the data on the results of the analysis was reduced, and that the effect was
almost completely abolished in over 200 samples. Therefore, not only the calculated skewness and
kurtosis coefficients; but also, the size of the study group is sufficient to say that the research data is
suitable for normal distribution.

Following the examining the skewness and kurtosis coefficients, whether the data are appropriate for
factor analysis was checked. For this purpose, Kaiser-Meyer-Olkin (KMO) coefficient and the results
of Bartlett test were examined. The KMO was found to exceed the lower limit .60 with a value of .94
(Biiyiikoztiirk, 2010), and Bartlett test was found significant (¥? = 2536.07, df = 136, p < .001). The
results showed that the data are appropriate for factor analysis. Following this finding, EFA was
conducted and principal components method was chosen in the analysis. When interpreting factor
loadings in EFA, .32 value recommended by Tabachnick and Fidell (2007) was taken as a criterion.

After EFA, parallel analysis and CFA were done respectively. Two different models were tested in
CFA. One of them was the three-factor structure on which the original version of the SAS was based,
and the second was the single-factor structure which was reached in EFA conducted in both original
and Turkish forms of the SAS. RMSEA, SRMR, CFI, IFI, RFI, NFI and NNFI (TLI) were used to find
whether those tested models had been confirmed or not and to see which model fitted the data better.
Considering Kline’s (2016) explanation that the use of ¢? / df value as a criterion for model fit does
not have a strong logical and statistical foundation, this fit index was not taken into consideration in
the study. The acceptable ranges of the fit indices examined are presented in Table 4.

Table 4. The Recommended Criterion Values for the fit Indices Examined in CFA

Fit Indices Recommended Criteria References

RMSEA <.10 Hoyle (2012)

SRMR <.08 Kline (2016)

CFI >.90 Wang and Wang (2012)

IFI >.90 Meyers, Gamst and Guarino (2006)
RFI >.90 Kelloway (1998)

NFI >.90 Schumacker and Lomax (2016)
NNFI >.90 Hancock and Mueller (2013)

Factor loadings beside the model-data fit in CFA were assessed. When deciding whether the factor
loading of an item was sufficient or not, the criterion of .32 was considered as in EFA. After completing
the analyses for testing construct validity, reliability analysis was started. The reliability of the
measures in the Turkish form of the SAS was calculated with Cronbach’s Alpha internal consistency
coefficient. The values of .70 and above (Tezbasaran, 1997) were interpreted as evidence for the
reliability of the measures. The discrimination of the SAS items in the Turkish sample were analysed
with corrected total item correlation; and the items with correlation values above .30 (Field, 2009)
were considered as discriminant enough. Ferguson Delta statistic was used to determine the
discriminatory of the entire of the SAS. Calculation of Ferguson Delta, reliability and item analysis
was performed on the data from all 375 participants in the study group in contrast to EFA, parallel
analysis and CFA. While LISREL 8.54 package programme was used for CFA; IBM SPSS 22 package
programme was employed for EFA, reliability and item analysis. Parallel analysis was done by using
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Monte Carlo PCA software developed by Watkins (2000). Ferguson Delta statistics, on the other hand,
was calculated on Microsoft Excel.

RESULTS

This section includes analysis outputs for the psychometric properties of the Turkish form of the SAS.
The findings obtained from the statistical analyses done for construct validity, reliability and
discrimination are offered below under relevant headings.

Construct Validity

First, EFA was performed for the construct validity of the SAS and the findings obtained are shown
in Table 5. The results of EFA demonstrated that the Turkish version of the SAS had single-factor
structure, like the original version. The variance explained for single-factor structure was found as
59%. As is clear from Table 5, the factor loadings of the scale items range between .60 and .87.

Table 5. The Findings Obtained in EFA for the Turkish Version of the SAS
Item Number Factor Loading Item Number Factor Loading Item Number Factor Loading

I-1 74 I-7 .85 1-13 .82
1-2 g7 1-8 .84 1-14 75
-3 .60 1-9 81 1-15 .87
1-4 74 1-10 71 1-16 .64
I-5 .80 1-11 7 1-17 .68
1-6 .76 1-12 .86

The single-factor structure obtained in EFA was supported by the parallel analysis results. Averages
for eigenvalue are calculated from the correlation matrix which contains the number of variables and
participants equal to the real data and which is formed randomly in the method of parallel analysis
developed by Horn (1965), (Yavuz & Dogan, 2015). While determining the number of factors, the
number of steps where the eigenvalues obtained from the actual data are greater than the eigenvalues
that are estimated from random data are taken as basis (O’Connor, 2000).

Table 6. Eigenvalues Obtained from Parallel Analysis

Number Real Eigenvalue Estimated Eigenvalue from Random Data
1 10.030 1.563091
2 1.026 1.429725

According to Table 6, first eigenvalue is greater than actual data in comparison to random data. On
comparing the second eigenvalues, it is found that the value estimated from the random data is higher.
Thus, the single-factor structure of the scale was also confirmed through parallel analysis method.
Following EFA and parallel analysis, CFA was done. The first model tested in CFA was the three-
factor structure (worry, avoidance and emotionality) which was considered while developing the
original version of the SAS. The fit indices reported for the three-factor structure as a result of CFA
are given in Table 7.

Table 7. The Fit Indices for the Three-Factor Structure

Fit indices
RMSEA SRMR CFI 1Fl RFI NFI NNFI
Value .099 (90% confidence interval; .087; .11) .045 .98 .98 .96 .96 .97
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The fit indices in Table 7, mean that the three-factor model is confirmed. The measurement model
obtained for the three-factor structure of the Turkish version of SAS is shown in Figure 1.
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Chi-Square=325.97, df=115, P-value=0.00000, RMSER=0.099

Figure 1. The Measurement Model Obtained for The Three-factor Structure in The Turkish Version
of the SAS

On examining Figure 1, it is evident that the factor loadings range between .65 and .85 in the factor of
worry, that they range between .52 and .84 in the factor of avoidance and that they range between .81
and .84 in the factor of emotionality. As can be seen in Figure 1, the modification was applied by
correlating the error variances of item-3 and item-4 in the avoidance dimension. Item-3 contains the
expression of selecting another course instead of statistics, and item-4 refers to choosing a topic that
does not include statistics while sharing presentation topics. Therefore, statistical modification is
supported theoretically. After the three-factor model, the single-factor model of the SAS was tested
because the structure encountered in EFA was found to have single factor in its original version and
in its Turkish form even though the scale items had been written on the basis of three-factor structure.
The fit indices for the single-factor structure were given in Table 8.

Table 8. The Fit Indices for the Single-Factor Structure

Fit indices
RMSEA SRMR CFI 1F1 RFI NFI NNFI
Value .096 (90% confidence interval; .083; .11) .046 .98 .98 .96 .97 .98

The values in Table 8 demonstrate that the measures made with the Turkish version of SAS also fitted
the single-factor model. The measurement model reached for the single-factor structure in the Turkish
version of SAS is shown in Figure 2.
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Figure 2. The Measurement Model Obtained for the Single-factor Structure in the Turkish Version of
the SAS

As is clear from Figure 2, the factor loadings in the single-factor model of the Turkish version range
between .45 and .85. Also, as shown in Figure 2, in addition to the modification in the three-factor
model, the error variances of the eighth and ninth items of the scale were also related to each other.
While the eighth item of the scale is related to the difficulties in understanding the statistical contents
of the courses; ninth items is about the problems experienced in the interpretation of statistical tables.
Accordingly, the modifications applied to improve model-data fit are also theoretically explainable.

Reliability Analysis

Considering the fact that the Turkish version of the SAS fitted both the three-factor and the single-
factor structure in CFA, internal consistency coefficient was calculated not only for the whole scale,
but also reliability analyses were done for the subscales. The internal consistency coefficients
calculated for the three factors of the scale and for the overall scale are shown in Table 9. Accordingly,
the internal consistency coefficients range between .83 and .96.

Table 9. The Internal Consistency Coefficients for the Measures Obtained by the Turkish Version of
the SAS

Dimension Overall Scale Worry Avoidance Emotionality
Cronbach Alpha .96 91 .83 91
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Item Analysis

The corrected total item correlations (rjx) calculated to test the item discrimination index in the Turkish
version of the scale are shown in Table 10. An examination of Table 10 makes it clear that the item
correlations take on values between .52 and .84.

Table 10. Discrimination Indexes for the Items in the Turkish Version of the SAS

Item Number Iix Item Number rix Item Number rix
1-1 71 1-7 .80 1-13 .81
1-2 .78 1-8 .80 1-14 .67
1-3 52 19 a7 1-15 .84
1-4 .73 1-10 .67 1-16 .63
1-5 a7 1-11 .75 1-17 .67
1-6 74 1-12 .82

Ferguson Delta Statistics

Ferguson Delta (d) statistics in addition to item correlations were also used to demonstrate the
discrimination of the SAS. According to this statistic, high variability in scores received from the scale
(heterogeneity of the group) displays that the measurement tool is discriminant (Zhang & Lidbury,
2013). The variability in scores the participants receive from the scale are divided into the highest
variability probable to be observed in calculating the Ferguson Delta statistics (Day & Bonn, 2011).
While 6 = .00 when all the participants receive the same scores from the scale, & = 1.00 when the
variability between participants’ scores is equal to the highest variability probable to be observed
(Hankins, 2008). Kline (2000) states that Ferguson Delta corresponds to .93 in normal distribution and
suggests that the value of .90 should be taken as the criterion for the statistics. The Equation 1 is used
in calculating the Ferguson Delta statistics for the measurement tools with more than two response
options (Hankins, 2008).

[ 1+k(m—1)][n? —Zifiz ] k = number of items in the measurement tool
= > n = sample size o)
nck(m-1) f = frequency of each score

m = number of response category

As is apparent from the Equation 1, first the frequency table should be drawn for the scores received
from the measurement instrument to be able to calculate the Ferguson Delta statistic (Ramsay &
Reynolds, 2000). The frequencies for the scores the 375 participants received from the SAS are shown
in Table 11. On placing the frequencies along with the values k =17, m =4 and n = 375 in the formula,
the Ferguson Delta statistics was found as .98.

Table 11. Frequencies of Participants’ Scores on the SAS
Score  Frequency Score Frequency Score Frequency Score Frequency  Score  Freguency

17 36 27 19 37 8 47 4 57 1
18 20 28 10 38 3 48 4 58 2
19 23 29 12 39 3 49 4 59 3
20 22 30 11 40 4 50 4 60 1
21 19 31 15 41 4 51 8 61 1
22 10 32 9 42 4 52 3 62 2
23 15 33 10 43 2 53 4 68 1
24 15 34 8 44 1 54 3

25 8 35 9 45 2 55 4

26 14 36 6 46 1 56 3

The Interpretation of the SAS Scores

As all of the items in the original form of SAS had sufficient factor loadings and discriminative values
also in the Turkish version of the scale, no item was removed from the scale. Thus, as in the original
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form, the scores that can be obtained from the overall SAS vary between 17 and 68. High scores from
the scale reflect high level of statistical anxiety. Similarly, the increase in scores obtained from the
subscales indicates high levels of worry, avoidance and emotionality.

DISCUSSION and CONCLUSION

In this study, the SAS developed by Faber et al. (2018) for graduate students was adapted into Turkish.
The construct validity of SAS was tested with EFA and CFA,; and parallel analysis method was also
used in deciding about the number of factors in the scale. A single-factor structure was found in EFA
and the rate of explained variance was found to be 59%. There are various criteria set in the literature
by researchers about what the rate of explained variance should be at least. While Bayram (2010) and
Biiyiikoztiirk (2010) say that the explained variance should be at least 30%; Aksu, Eser and Giizeller
(2017) say that the values of 40% and above are acceptable. According to Sonmez and Alacapinar
(2016), however, the rate of explained variance should be higher than the rate of unexplained variance.
The rate of variance reported after EFA meets all these criteria. Besides, the factor loadings for all of
the items in the SAS were found to be above the threshold level of .32 (Tabachnick & Fidell, 2007).
These results indicate that the construct validity was achieved in the Turkish version of the SAS. The
single-factor structure found in EFA was also supported by the results of parallel analysis.

Conclusions that there was evidence to show the construct validity of the Turkish version of the SAS
in CFA as in EFA were reached. According to the fit indices reported in CFA, both the three-factor
structure (labelled as worry, avoidance and emotionality) taken into consideration when developing
the original form of the scale and the unidimensional structure emerging as a result of EFA were
confirmed. In addition to that, it was also found that the factor loadings for both models were above
.32. On considering these results about CFA along with the findings obtained in EFA and parallel
analysis, it may be said that the three factors of the scale can be interpreted separately in addition to
the total scores received from the scale and that it would not be very correct to make an evaluation
based on the subscales only without obtaining a total score for anxiety.

It was concluded that internal consistency coefficients calculated in reliability analysis for the
subscales in the SAS and for the whole scale met the criterion of .70 (Pallant, 2005; Tekindal, 2009).
Accordingly, it can be stated that the Turkish version of SAS is an instrument yielding reliable
measures. According to item analysis results, the corrected item correlations met the threshold value
of .30 (Erkus, 2012) for all the items in the SAS. The value found for Ferguson Delta statistics also
met the criterion of .90 (Kline, 2000). Therefore, it may be said that the SAS is discriminant enough-
that is to say, it is capable of discriminating between graduate students having different levels of
statistics anxiety. In conclusion, the results obtained in this study indicate that the statistics anxiety of
graduate students can be measured by using SAS in a valid and reliable way.

Recommendations for Further Studies

This study analysed the construct validity of the Turkish version of the SAS with EFA and CFA.
Convergent and divergent validity analyses can be included in further studies. Because the reliability
of the SAS was analysed only on the basis of internal consistency in this study, it can be recommended
that the further studies could test the test-retest reliability of the scale. Besides, since this study was
conducted within the framework of classical test theory, it can be suggested that the reliability and
validity of the SAS be analysed on the basis of item response theory.

By using SAS, studies can be conducted to compare the statistical anxiety levels of the researchers
who continue their graduate education in any of the fields of educational, social and health sciences,
field education or pure science. In this way, it can be determined whether there is a significant
difference between the statistical anxieties of the individuals attending graduate education in different
fields and if significant difference is detected, the rationale of the observed differences can be revealed
by qualitative analysis.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 446



Giiler, N., Tasdelen Teker, G., ilhan, M. / The Turkish Adaptation of the Statistics Anxiety Scale for Graduate
Students

REFERENCES

Aksu, G., Eser, M. T., & Giizeller, C. (2017). A¢imlayict ve dogrulayici faktor analizi ile yapisal esitlik modeli
uygulamalari. Ankara: Detay.

Bachman, L. F. (2004). Statistical analyses for language assessment book. Cambridge: Cambridge University.

Baloglu, M. (2002). Psychometric properties of the statistics anxiety rating scale. Psychological Reports, 90(1),
315-325. Retrieved from
https://www.researchgate.net/publication/11464881_Psychometric_properties_of the_statistics_anxiet
y_rating_scale

Baloglu, M. (2003). Individual differences in statistics anxiety among college students. Personality and
Individual Differences, 34(5), 855-865. doi: 10.1016/S0191-8869(02)00076-4

Baloglu, M., & Zelhart, P. F. (2004). Universite dgrencileri arasinda yiiksek ve diisiik istatistik kaygisinin
ayristiricilari. Egitim ve Bilim, 29(133), 47-51. Retrieved from
http://egitimvebilim.ted.org.tr/index.php/EB/article/download/5093/1176

Baloglu, M., Kogak, R., & Zelhart, P. F. (2007). Istatistik kaygisi ve istatistige yonelik tutumlar arasindaki iliski.
Ankara  Universitesi  Egitim  Bilimleri Fakiiltesi Dergisi, 40(2), 23-39. Retrieved from
http://dergipark.gov.tr/download/article-file/509051

Bayram, N. (2010). Yapisal esitlik modellemesine giris AMOS uygulamalar:. Bursa: Ezgi.

Benson, J. (1989). Structural components of statistical test anxiety in adults: an exploratory model. The Journal
of Experimental Education, 57(3), 247-261. doi: 10.1080/00220973.1989.10806509

Beurze, S. M., Donders, A. R. T., Zielhuis, G. A., Vegt, F., & Verbeek, A. L. M. (2013). Statistics anxiety: A
barrier for education in research methodology for medical students? The Journal of the International
Association of Medical Science Educators, 23(3), 377-384. doi: 10.1007/BF03341649

Biiyiikoztiirk, S. (2010). Sosyal bilimler i¢in veri analizi el kitabr. Ankara: Pegem Akademi.

Chew, P. K. H., Dillon, D. B., & Swinbourne, A. L. (2018) An examination of the internal consistency and
structure of the Statistical Anxiety Rating Scale (STARS). PLoS ONE, 13(3), 1-12. doi:
10.1371/journal.pone.0194195

Chiesi, F., Primi, C., & Carmona, J. (2011). Measuring statistics anxiety: Cross-Country validity of the statistical
anxiety scale (SAS). Journal of Psychoeducational Assessment, 29(6), 559-569. doi:
10.1177/0734282911404985

Cohen, L., Manion, L., & Morrison, K. (2007). Research methods in education. New York, NY: Routledge.

Collins, K. M. T., & Onwuegbuzie, A. T. (2007). | cannot read my statistics textbook: The relationship between
reading ability andstatistics anxiety. The Journal of Negro Education, 76(2), 118-129. Retrieved from
http://www.jstor.org/stable/40034551

Cruise, R. J., Cash, R. W., & Bolton, D. L. (1985, August). Development and validation of an instrument to
measure statistical anxiety. Paper presented at the proceedings of the American Statistical Association,
Las Vegas, Nevada. Retrieved from https://www.causeweb.org/cause/research/literature/development-
and-validation-instrument-measure-statistical-anxiety

Day, J., & Bonn, D. (2011). Development of the concise data processing assessment. Physical Review Special
Topics — Physics Education Research, 7(1), 1-14. doi: 10.1103/PhysRevSTPER.7.010114

Erkus, A. (2011). Davranis bilimleri igin bilimsel arastirma siireci. Ankara: Segkin.

Erkus, A. (2012). Psikolojide dlgme ve dlgek gelistirme-1. Ankara: Pegem Akademi.

Faber, G., Drexler, H., Stappert, A., & Eichhorn, J. (2018). Education science students’ statistics anxiety:
Developing and analyzing a scale for measuring their worry, avoidance, and emotionality cognitions.
International Journal of Educational Psychology, 7(3), 248-285. doi: 10.17583/ijep.2018.3340

Fabrigar, L. R., Wegener, D. T., MacCallum, R. C., & Strahan, E. J. (1999). Evaluating the use of exploratory
factor analysis in psychological research. Psychological Methods, 4(3), 272-299. doi: 10.1037/1082-
989X.4.3.272

Field, A. (2009). Discovering statics using SPSS. London: SAGE.

Fitzgerald, S. M., Jurs, S. J., & Hudson, L. M. (1996). A model predicting statistics achievement among graduate
students. College Student Journal, 30(3), 361-366. Retrieved from https://psycnet.apa.org/record/1997-
07633-006

Giirbiiz, S., & Sahin, F. (2017). Sosyal bilimlerde arastirma yontemleri: Felsefe — yontem — analiz. Ankara:
Seckin.

Hambleton, R. K. & Bollwark, J. (1991). Adapting tests for use in different cultures: Technical issues and
methods. Bulletin of the International Test Commission, 18, 3-32. Retrieved from
https://files.eric.ed.gov/fulltext/ED337481.pdf

Hambleton, R. K., & Kanjee, A. (1993, April). Enhancing the validity of cross-cultural studies: Improvements
in instrument translation methods. Paper presented at the Annual Meeting of the American Educational
Research Association, Atlanta, GA.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 447
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Hancock, G. R., & Mueller, R. O. (2013). Structural equation modeling: A second course. Charlotte, NC:
Information Age.

Hankins, M. (2008). How discriminating are discriminative instruments? Health and Quality of Life Outcomes,
6(36). doi: 10.1186/1477-7525-6-36

Hanna, D., Shevlin, M., & Dempster, M. (2008). The structure of the statistics anxiety rating scale: A
confirmatory factor analysis using UK psychology students. Personality and Individual Differences,
45(1), 65-74. doi: 10.1016/j.paid.2008.02.021

Horn, J. L. (1965). A rationale for the number of factors in factor analysis. Psychometrica, 30(2), 179-185. doi:
10.1007/BF02289447

Hoyle, R. H. (2012). Handbook of structural equation modeling. New York, NY: Guilford.

Kelloway, E. K. (1998). Using LISREL for structural equation modeling: A researcher's guide. Thousand Oaks,
CA: Sage.

Kirk, R. E. (2007). Statistics: An introduction. Belmont, CA: Wadsworth.

Kline, P. (2000). The handbook of psychological testing. London: Routledge

Kline, R. B. (2016). Principles and practice of structural equation modeling. New York, NY: Guilford.

Koklii, N. (1994). Bir istatistik tutum Olgeginin gegerlik ve giivenirligi. Egitim ve Bilim, 18(93), 42-47.
http://egitimvebilim.ted.org.tr/index.php/EB/article/download/5906/2041 adresinden elde edilmistir.

Koklii, N. (1996). Istatistik kayg1 6lgegi: Psikometrik veriler. Egitim ve Bilim, 20(102), 45-49.

Lalonde, R. N., & Gardner, R. C. (1993). Statistics as a second language? A model for predicting performance
in psychology students. Canadian Journal of Behavioural Science, 25(1), 108-125. doi:
10.1037/h0078792

Liu, S., Onwuegbuzie, A. J., & Meng, L. (2011). Examination of the score reliability and validity of the statistics
anxiety rating scale in a Chinese population: Comparisons of statistics anxiety between Chinese college
students and their Western counterparts. Journal of Educational Enquiry, 11(1), 29-42. Retrieved from
https://www.ojs.unisa.edu.au/index.php/EDEQ/article/view/662/585

Maat, S. M., & Rosli, M. K. (2016). The rasch model analysis for statistical anxiety rating scale (STARS).
Creative Education, 7(18), 2820-2828. doi: 10.4236/ce.2016.718261

Macfarlane, I., Meach, P. M., & Leroy, B. S. (2014). Genetic counseling research: A practical guide. New York,
NY: Oxford University.

Meyers, L. S, Gamst, G., & Guarino, A. J. (2006). Applied multivariate research: Design and interpretation.
London: SAGE.

Nesbit, R. J., & Bourne, V. J. (2018). Statistics anxiety rating scale (STARS) use in psychology students: A
review and analysis with an undergraduate sample. Psychology Teaching Review, 24(2), 101-110.
Retrieved from https://psycnet.apa.org/record/2018-57771-011

O’Connor, B. P. (2000). SPSS and SAS programs for determining the number of components using parallel
analysis and Velicer’s MAP test. Behavior Research Methods, Instruments, & Computers, 32(3), 396-
402. doi: 10.3758/BF03200807

Onwuegbuzie, A. J. (2004) Academic procrastination and statistics anxiety, Assessment & Evaluation in Higher
Education, 29(1), 3-19. doi: 10.1080/0260293042000160384

Onwuegbuzie, A. J. (1997a) Writing a research proposal: the role of library anxiety, statistics anxiety, and
composition anxiety, Library & Information Science Research, 19(1), 5-33. doi: 10.1016/S0740-
8188(97)90003-7

Onwuegbuzie, A. J., & Seaman, M. A. (1995). The effect of time constraints and statistics test anxiety on test
performance in a statistics course. The Journal of Experimental Education, 63(2), 115-124. doi:
10.1080/00220973.1995.9943816

Onwuegbuzie, A. J., & Wilson, V. A. (2003). Statistics anxiety: Nature, etiology, antecedents, effects, and
treatments--a comprehensive review of the literature. Teaching in Higher Education, 8(2), 195-209. doi:
10.1080/1356251032000052447

Onwuegbuzie, A. J., Da Ros, D., & Ryan, J. (1997). The components of statistics anxiety: A phenomenological
study. Focus on Learning Problems in Mathematics, 19(4), 11-35. Retrieved from
https://eric.ed.gov/?id=EJ558838

Onwuegbuzie, A. J., Slate, J. R, Paterson, F. R. A., Watson, M. H., & Schwartz, R. A. (2000). Factors associated
with achievement in educational research courses. Research in the Schools, 7(1), 53-65. Retrieved from
https://eric.ed.gov/?id=EJ644255

Pallant, J. (2005). SPSS survival manual: A step by step guide to data analysis using SPSS for windows. Australia:
Australian Copyright.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 448


http://dx.doi.org/10.1037/h0078792
http://dx.doi.org/10.1037/h0078792

Giiler, N., Tasdelen Teker, G., ilhan, M. / The Turkish Adaptation of the Statistics Anxiety Scale for Graduate
Students

Pan, W., & Tang, M. (2005). Students’ perceptions on factors of statistics anxiety and instructional strategies.
Journal of Instructional Psychology, 32(3), 205-214. Retrieved from
http://eds.a.ebscohost.com/eds/pdfviewer/pdfviewer?vid=0&sid=f0e9aed6-3bf9-497¢e-bad2-
86d83215d236%40sessionmgr4008

Pretorius, T. B., & Norman, A. M. (1992). Psychometric data on the statistics anxiety scale for a sample of South
African students. Educational and Psychological Measurement, 52(4), 933-937. doi:
10.1177/0013164492052004015

Primi, C., & Chiesi, F. (2018, July). The role of mathematics anxiety and statistics anxiety in learning statistics.
Paper presented at the 10th International Conference on Teaching Statistics, Kyoto, Japan. Retrieved
from https://iase-web.org/icots/10/proceedings/pdfs/ICOTS10_5E2.pdf

Ramsay, M. C., & Reynolds, C. R. (2000). Development a scientific test: A practical guide. In G. Goldstein &
M. Hersen (Eds.), Handbook of psychological assessment (pp. 21-42). New York, NY: Elsevier.

Raykow, T., & Marcoulides, G. A. (2011). Introduction to psychometric theory. New York, NY: Taylor &
Francis.

Roberts, D. M., & Bilderbeck, E. W. (1980). Reliability and validity of statistics attitude survey. Educational
and Psychological Measurement, 40(1), 235-238. doi: 10.1177/001316448004000138

Roberts, D. M., & Saxe, J. E. (1982) Validity of a statistics attitude survey: A follow up study. Educational and
Psychological Measurement, 42(3), 907-912. doi: 10.1177/001316448204200326

Rodarte-Luna, B., & Sherry, A. (2008). Sex differences in the relation between statistics anxiety and
cognitive/learning strategies. Contemporary Educational Psychology, 33(2), 327-344. doi:
10.1016/j.cedpsych.2007.03.002

Schumacker, R. E., & Lomax, R. G. (2016). A beginner's guide to structural equation modeling. New York, NY:
Routledge.

Sonmez, V., & Alacapnar, F. G. (2016). Sosyal bilimlerde di¢gme araci hazirlama. Ankara: Anu.

Stangor, C. (2010). Research methods for the behavioral sciences. Boston, MA: Houghton Mifflin.

Sutarso, T. (1992). Some variables in relation to students’ anxiety in learning statistics. Paper presented at the
Annual Meeting of the Mid-South Educational Research Association, Knoxville, TN (ERIC document
number ED-353334). Retrieved from https://files.eric.ed.gov/fulltext/ED353334.pdf

Tabachnick, B. G., & Fidell, L. S. (2007). Using multivariate statistics. Boston, MA: Pearson Education, Inc.

Tan, S. (2016). SPSS ve Excel uygulamali temel istatistik-1. Ankara: Pegem Akademi.

Tekindal, S. (2009). Duyussal ozelliklerin olgiilmesi igin ara¢ olusturma. Ankara: Pegem Akademi.

Teman, E. D. (2013). A rasch analysis of the statistical anxiety rating scale. Journal of Applied Measurement,

14(4), 414-434, Retrieved from
https://www.researchgate.net/publication/257071159 A rasch_analysis_of the_ statistical_anxiety rat
ing_scale

Tezbasaran, A. (1997). Likert tipi ol¢cek gelistirme kilavuzu. Ankara: Tiirk Psikologlar Dernegi.

Vigil-Colet, A., Lorenzo-Seva, U., & Condon, L. (2008). Development and validation of the statistical anxiety
scale. Psicothema, 20(1), 174-180. Retrieved from http://www.psicothema.com/PDF/3444.pdf

Wang, J., & Wang, X. (2012). Structural equation modeling: Applications using Mplus. Chichester, UK: Wiley.

Waternaux, C. M. (1976). Asymptotic distribution of the sample roots for a nonnormal population. Biometrika,
63(3), 639-645. doi: 10.1093/biomet/63.3.639

Watkins, M. W. (2000). Monte Carlo PCA for parallel analysis [Computer software]. State College, PA: Ed &
Psych Associates.

Wilson, V. (1997, November). Factors related to anxiety in the graduate statistics classroom. Paper presented
at the annual meeting of the Mid-South Educational Research Association, Memphis, TN (ERIC
document number ED415288). Retrieved from https://files.eric.ed.gov/fulltext/ED415288.pdf

Yasar, M. (2014). Istatistige yonelik tutum 6lgegi: Gegerlilik ve giivenirlik calismasi. Pamukkale Universitesi
Egitim Fakiiltesi Dergisi, 36(2), 59-75. http://pauegitimdergi.pau.edu.tr/Makaleler/1428620766_5.pdf
adresinden elde edilmistir.

Yavuz, G. & Dogan, N. (2015). Boyut sayis1 belirlemede Velicer’in map testi ve Horn’un paralel analizinin
kullanilmasi.  Hacettepe —Universitesi ~ Egitim  Fakiiltesi, 30(3), 176-188. Retrieved from
http://www.efdergi.hacettepe.edu.tr/yonetim/icerik/makaleler/674-published.pdf

Yildinim, A., & Simsek, H. (2016). Sosyal bilimlerde nitel arastirma yontemleri. Ankara: Seckin.

Zeidner, M. (1991). Statistics and mathematics anxiety in social science students: Some interesting parallels.
British Journal of Educational Psychology, 61(3), 319-328. doi: 10.1111/j.2044-8279.1991.tb00989.x

Zhang, F., & Lidbury, B. A. (2013). Evaluating a genetics concepts inventory. In F. Zhang (Ed.), Sustainable
language support practices in science education: Technologies and solutions (pp. 116-128). USA,
Hershey: Medical Information Science Reference.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 449
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Appendix A. Turkish Form of Statistics Anxiety Scale for Graduate Students *

= =
S =
S| 2
g | = g =
= | = E| § £
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“1 3| ZE €2
2| B R c=
T | OM| 4
1. Kayitli oldugum lisansiistii programin istatistiksel gerekliliklerini karsilamakta zorlaninm. | 1 2 3 4
2. Istatistiksel bir problem iizerinde caliymam gerektiginde kendimi ¢ok rahatsiz hissederim. | 1 2 3 4
3. Miimkiin olsa bir istatistik dersi almak yerine bagka iki ders almay1 tercih ederim. 1 2 3 4
4. Derslerde sunum konular1 paylasilirken istatistik icermeyen bir konu aldigimdan emin | 1 2 3 4
olmaya caligirim.
5. Calismalarimda istatistiksel icerikleri yeterli derecede tartigmak benim i¢in zordur. 1 2 3 4
6. Sunum hazirlarken istatistikle ilgili olan kisimlar1 sunum diginda tutmayi tercih ederim. 1 2 3 4
7. Bir aragtirma raporundaki tablolari/grafikleri agiklamam istendiginde oldukga gerilirim. 1 2 3 4
8. Derslerdeki istatistiksel i¢erikleri anlamakta zorlanirim. 1 2 3 4
9. Istatistiksel degerler igeren bir tablodan gerekli bilgileri secip ayirmada sorun yasarim. 1 2 3 4
10. Bir derste istatistiksel verileri yorumlamam gerektiginde komik duruma diismekten | 1 2 3 4
korkarim.
11. Bir derste istatistiksel bulgular igeren sunum yapmam gerektiginde sunumdan sonra | 1 2 3 4
kimsenin soru sormamasini umut ederim.
12. Istatistiksel arastirma bulgularima iliskin tatmin edici bir rapor sunmakta giicliik cekerim. | 1 2 3 4
13. Istatistiksel bir formiilii uygulamak zorunda kaldigimda ¢ok gergin hissederim. 1 2 3 4
14. Bir istatistik sinavina dikkatli bir sekilde hazirlanmis olsam da dersi gecemeyecegim diye | 1 2 3 4
endiselenirim.
15. Bir derste istatistiksel bir problemi agiklamak zorunda kalma diisiincesi beni oldukg¢a | 1 2 3 4
tedirgin eder.
16. Bir istatistik dersi aldigimda 6grendigim her seyi hemen unutacagim endisesi yagarim. 1 2 3 4
17. Eger miimkiinse bilimsel metinlerdeki istatistiksel tablolar1 ve grafikleri atlarim. 1 2 3 4

* It is sufficient to reference the article for the use of the scale. Furthermore, there is no need for permission from the authors.
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Abstract

The present study aims to assess the psychometric qualities of the Turkish version of the Adult Attachment Scale
(AAS) assessing adult daughter’s current attachment to their elderly mother. In total, 560 women with the mean
age of 39.6 have participated. Parallel to the original study, exploratory factor analysis was conducted with adult
daughters (N = 304) who were providing instrumental help to their mothers regularly. Results yielded 2 correlated
factors (secure base and safe haven). Confirmatory factor analysis revealed that the factor structure is applicable
to the adult daughters who were not providing regular help to their mothers (N = 256). Measurement invariance
was established across two groups constructed in terms of the presence of instrumental help provided to the elderly
mothers by their adult daughters. Internal consistency and 6-month stability for the scale are satisfactory. Further
evidence for convergent and concurrent validity has been supported by presenting a positive correlation of AAS
with the level of significance of the mother in the adult daughter’s attachment hierarchy as compared to other
attachment figures, levels of quality of the current relationship and the frequency of contact with the mother.
Results are discussed in terms of AAS’s appropriateness for Turkish culture and possible contribution in an
understanding attachment to a parent in late adulthood, a critical emerging need for the aging world.

Key Words: Attachment, adult daughter, elderly mother.

INTRODUCTION

Given that the global population has aged at an unprecedented rate and that 28% of the European
population will be over 65 in 30 years (He, Goodkind & Kowall, 2016), it becomes a critical and urgent
task to question and to improve our scientific understanding of aging and old age. The major reasons for
such global demographic change are reported as being the aging of “baby boom” generation and
decreased fertility rates (Bloom, Canning & Lubet, 2015; Lowenstein, 2005; Trommsdorff & Nauck,
2006). In addition, increasing life expectancy due to development in medicine and preventive health
care practices is also mentioned as an important reason for the increase in the elderly population (Kontis
etal., 2017). The number of people reaching the age of 100 is increasing every year in the world (Martin
& Baek, 2018; Rochon et. al., 2014). In previous times, it was not normal for a person to live enough to
see his/her grandson’s child, but nowadays it is considered as normal.

There are two major consequences of such demographic change for the future. First, health and
insurance sectors are under great pressure. Especially for women who have a longer life expectancy than
men, but generally have lower education and income levels, health care costs are a critical problem that
needs to be addressed and the renovation of an administrative structure is unavoidable. Secondly, and
similar to administrative structures, significant changes are also expected in family structures, and even
today these changes are remarkable. For example, in a family, the years that three or even four
generations can live together are increasing. Improved health quality of life allows grandparents
spending more and quality time with their children and grandchildren. On the other hand, the necessity
to provide both instrumental and emotional care to the aging member of the family increases as well.
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Previous research shows that the responsibility for providing care for the elderly parent, regardless of
Eastern or Western cultures, is predominantly on daughters or daughter in laws’ shoulders (Ataca,
Kagitgibast & Diri, 2005; Finley, 1989; Ingersoll-Dayton, Starrels & Dowler, 1996; imamoglu, 1987;
Kagitgibasi, 1985). In the last decade more daughters have left work to take care of their elderly parents
(Manuela, Emmanuele & Cristina, 2016). These findings point to the importance of dwelling on the
relationship between an adult daughter and aging mother in various dimensions.

Considering the aging literature up to date, it could be seen that studies mostly focus on the deterioration
of physical and psychological health, health care practices, insurance policies, and stress experienced
by the caregivers (e.g., Anderson & Hussey, 2000; Feng, Liu, Guan & Mor, 2012; Rowland & Bellizzi,
2014; Shulz & Sherwood, 2008). In addition to that, sociological studies focus mostly on concepts as
intergenerational solidarity, filial obligation and/or piety to investigate the role of culture in support of
the elderly members (e.g., Bengtson, Rosenthal & Burton, 1990; Bengston & Oyama, 2007; Rossi &
Rossi, 1990). Although the critical importance of all these factors cannot be denied, the researchers (e.g.,
Bengtson, Giarrusso, Mabry & Silverstein, 2002; Lowenstein, Katz & Gur-Yaish, 2007; Schwarz,
Trommsdorff, Kim & Park, 2006) themselves stated that these factors were insufficient to understand
the whole picture and implied that quality of dyadic emotional bond had a central role in completing
this picture. Yet the literature has provided little about this issue.

Multiple factors, such as a sense of responsibility, filial obligation, necessity, and respect are determinant
in the behaviors of an adult daughter in caring for her mother. However, these factors do not strongly
relate to the quality and effectiveness of care provided by them and the emotional burden experienced
by both parties, those of which are major determinants in both psychological and physical quality of life
both for care givers and takers. At this point, the quality of the emotional bond between adult daughter
and mother becomes critical and attachment theory has much to offer about this.

Attachment theory is considered to be unique and informative in terms of highlighting the survival value
of the attachment bond, explaining the difference between attachment and dependence, and emphasizing
the normalcy of lifelong need for attachment. As stated, an independent/autonomous self is established
through a functional bond early in life (Sroufe, Fox & Pancake, 1983) that in turn facilitates the beliefs
about dependability of others and so-called secure attachment (Bowlby, 1969).

It is proposed that early attachment relationships shape the capacity to love someone, to care for
someone, and ask someone’s care when needed (Waters, Kondo-lkemura, Posada & Richters, 1991),
thus it organizes emotions and behaviors in close relationships throughout life (Ainsworth, 1989;
Bowlby, 1979; Waters, Merrick, Treboux, Crowell & Albersheim, 2000).

Considering its survival value, an attachment bond is stated to be established not only with one figure
but is constructed in a hierarchy composed of a finite number of significant others (Bowlby, 1969/1982).
Within this dynamic hierarchy, the primary attachment figure changes from parents to friends and
partners, from childhood to adulthood (Rosenthal & Kobak, 2010). However, attachment to the mother
(primary caregiver) was proposed to be unique and non-replaceable (Ainsworth, 1989). Unlike fathers,
mothers were shown to preserve a place in the attachment hierarchy throughout their children’s lives
although their primary status might be replaced by the romantic partners (Doherty & Feeney, 2004;
Rosenthal & Kobak, 2010). Moreover, it was stated that mothers might regain their primary status in the
attachment hierarchy during certain developmental milestones of their adult children such as becoming
a parent for the first time (Doherty & Feeney, 2004).

Despite the empirical evidence for the continuous role of the mother as an attachment figure, the
literature has little to provide in understanding the dynamics of this continuous emotional bond between
adult children and their elderly parents. In that sense, Cicirelli’s early works (1983, 1991, 1993, 1995,
2010) provided some valuable insights about the motivation of adult children to provide both
instrumental and emotional care for their elderly parents and whether this role reversal could be
interpreted as reciprocity of attachment bond for the sake of others or as an attempt for the adult child
to protect the attached figure for the sake of himself or herself. Especially when an elderly parent needs
health care due to old age, losing an attachment figure becomes a salient and realistic threat for an adult
child. In that case, the dynamics of both instrumental and emotional caregiving provided to an elderly
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parent by an adult child might be more complex than it has been known to be. To answer such questions
Cicirelli (1991) pointed out the absence of appropriate measurement tool, and thus constructed the Adult
Attachment Scale (AAS) that aims to assess the level of an adult child’s current attachment to the
mother.

The scale has been developed and validated in various studies conducted with adult daughters who were
providing instrumental care for their parents (Cicirelli, 1991, 1993, 1995). By utilizing AAS, Cicirelli
(1993) has examined the adult daughter’s helping behaviors and the subjective burden associated with
it. Results have revealed that as a parent’s need for help, the daughter’s feeling of obligation and feeling
of attachment increases, the frequency of helping behavior increases as well. On the other hand,
independent of the frequency of helping behavior, it was found that the subjective burden was positively
correlated with the feeling of obligation but negatively correlated with feeling of attachment. These
findings not only emphasize the critical role of the emotional bond between an adult child and elderly
parent but also support that AAS can be a valuable tool in future studies as well.

Purpose of the Study

As stated above, independent of cultures, the responsibility for providing care for elderly parents was
shown to be predominantly on daughters (Ataca et al., 2005; Finley, 1989; Ingersoll-Dayton, et al., 1996;
Imamoglu, 1987; Kagit¢ibasi, 1985; Zhan & Montgomery, 2003) yet little is known about the emotional
dynamics and process of attachment between them. However, when the aging world population and
foreseeable societal and familial changes in the future are taken into consideration, understanding of the
dynamics of attachment between daughters and aging parents is becoming more and more critical. At
this point, AAS that aims to assess the attachment between adult daughters and aging mothers is
providing a valuable starting point and opportunities for future studies. Therefore, the purpose of the
present study is to adapt AAS into Turkish and test its psychometric properties and factorial structure
with adult daughters.

In addition, Cicirelli's (1995) comments about the sample feature in the original study and his
suggestions for future studies in this regard were also taken into consideration in this study. Even though
AAS was developed with adult women who regularly provide help for their parents, Cicirelli (1995)
emphasized that it is important to test this scale with adult women who do not provide help to their
parents for many different reasons (such as living away, workload of daughter, absence of parents need,
presence of other children helping mother). Therefore, in the present study, the structure invariance of
AAS was examined with two groups of adult daughters who did and did not provide instrumental help
to their mothers on a regular base.

METHOD

The research was conducted with a cross-sectional survey method that aims to examine the existing
aspects of participants. The sampling procedure has completed in two stages. At first, the Turkish
Statistical Institute enlisted 650 street numbers for each income level (low, average, and high-income
levels) which totals to 1950 street numbers among 456 neighborhoods in 7 major municipalities in
Ankara by Stratified Random Sampling. Although the neighborhoods were determined by stratified
random sampling, the participants in those neighborhoods were selected according to the purpose of the
study and their approval. Therefore, the second stage of the sampling procedure was purposive.
Accordingly, adult women who were being married and having mothers alive at the time of the study
were invited to participate.

Participants

In total, 560 married women (X age = 38.6, SDage = 8.68, Range: 25-65 years) whose mothers were alive
and did not need care at the time of the study were participants of the study.
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The participants were divided into two groups according to whether they regularly helped their mothers
in daily tasks (e.g., cleaning, shopping, arranging doctor appointments, handling bank accounts and
payments etc.,) in the last 3 months. The first group included 304 women (X age = 38.8, SDage = 8.57,
Range: 23-65 years) labeled as “Daily Help (DH)”. The second group included 256 women (X age = 38.5,
SDage = 8.78, Range: 25-65 years) and labeled as “No Daily Help (NDH)”. In the DH group 60% (n =
184) of the women had a university degree or more and 65% (n = 195) were employed at the time of the
study. Similarly, in the NDH group, 53% (n = 137) of the women had a university degree or more and
56% (n = 140) were employed at the time of the study. Considering the residency status of women in
DH Group, 53% (n = 160) were living very close by with their mothers (in the same house, building or
neighborhood), 30% (n = 92) were living in the same city but in distant neighborhoods, and 17% (n =
52) were living in a different city than their mothers. Considering the residency status of women in NDH
Group, 29% (n = 73) were living very close by with their mothers, 35% (n = 90) were living in the same
city but in distant neighborhoods, and 36% (n = 92) were living in a different city than their mothers.

Data Collection Instruments

Adult attachment scale (AAS)

The original scale (Cicirelli, 1991, 1995) consists of 16 items representing the basic aspects of secure
attachment as seeking security or comfort (e.g. “At times when | have some trouble or difficulty, my
mother’s image seems to come to my mind”), distress upon separation (e.g. “If | am unable to see my
mother for a long time, it bothers me a lot”), joy upon reunion (e.g. “When | have not seen my mother
for a while, | feel happy when | see her again™), and feelings of love and closeness (e.g. “Being with my
mother makes me feel very happy”). The factorial structure and psychometric properties of the scale
were tested with a sample of adult daughters who were providing care for their elderly mothers at the
time of the study and the exploratory factor analysis indicated 2 factors. After the elimination of one
item that loaded heavily on both factors (Item 12: “When | have been away from my mother for a long
time, | feel a sense of security to be with her again ”’) considerable overlap between the two factors was
observed so the scale was regarded as unidimensional. The significant correlation of AAS with love (r
= .73), trust (r = .60), and interpersonal antagonism (r = -.28) were stated in support of validity.
Furthermore, adult daughters’ attachment to their mothers assessed by the AAS was stated to be a better
predictor of daughters’ helping behavior than love, trust, and interpersonal antagonism. Lastly, AAS
was reported to have considerable stability assessed by internal consistency reliability (a = .95) and one
year test—retest reliability (r =.73).

The final version of the scale consists of 15 items and is rated on a 7-point Likert Scale (1 = Totally
Disagree and 7 = Totally Agree). Higher scores are pointing to a stronger level of attachment to the
mother.

Mother—adult daughter questionnaire (MAD)

Originally developed by Rastogi (2002), MAD aims to assess the various aspects of adult daughters’
current relationship with their mothers across different cultures. The questionnaire has 18 items rated
on a 5-point Likert scale (1 = Very False and 5 = Very True) and 7 single items that are not included in
the scale score but providing extra information about the mother-daughter relationship and
recommended to be selected following the purpose of the research.

The Turkish version of MAD has shown to have good psychometric qualities (Onayli, Erdur-Baker &
Aksoz, 2010) and composed of 2 factors. The first factor is “Connectedness” (10 items) and represents
the mutual ability to share feelings and opinions, as well as to make sacrifices within the context of the
adult daughter-mother relationship (e.g. “I can share my intimate secrets with my mother; My mother
can share her intimate secrets with me”). The second factor is “Trust in Hierarchy” (8 items) and
represents the respect for the mothers’ wisdom and her higher status in the family hierarchy; a reported
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positive aspect of an adult-parent relationship in collectivistic cultures (e.g. “I feel I can use my mother’s
wisdom as a resource when making decisions”). The strong correlation between MAD and parental
bonding was established (r = .69) to support validity. Test-retest reliability was satisfactory for 3 weeks
interval (r = .90) and internal consistency for the whole scale and two factors were between .88 and .91.
For the present study, internal consistency was found .88 for “Connectedness”, .87 for “Trust in
Hierarchy”, and .91 for the whole scale.

Regarding the purpose of the study, 2 items (among 7 single items of MAD) questioning the feeling of
closeness and overall relationship satisfaction with the mother were selected.

WHOTO

This instrument (Hazan & Zeifman, 1994) was constructed to investigate individuals’ attachment
network and the relative primacy of significant others in the attachment hierarchy. In the present study,
the revised version of WHOTO (Fraley & Davis, 1997; Trinke & Bartholomew, 1997) including 6 items
for three attachment functions (proximity seeking, secure base, safe haven) was used. Example items
can be listed as; “People you make sure to see or talk to frequently” for physical proximity seeking (PP),
“People you immediately think of contacting when something bad happens” for safe haven (SH), and
“People you know always wants the best for you” for secure base (SB). For each item, the participants
are required to give 4 names in order of significance. The scores are from 4 (the first person listed) to 1
(the last person listed) with higher scores indicating the primacy of the figure. The primacy score for
each attachment figure could be obtained both for each function separately and totally by averaging
scores across each item.

WHOTO was tested with Turkish married women (Giindogdu-Aktiirk, 2010) and internal consistency
for overall attachment primacy was established between .85 and .90 for primary attachment figures
(spouse, mother, father, and children). Furthermore, satisfactory correlation between WHOTO and
attachment avoidance (r = -.43), marital satisfaction (r = .40), and emotional caregiving style (r = .40)
was established to support the validity. For the study, only attachment primacy of mother was calculated
for all attachment functions separately.

Personal information form

In addition to the scale items, the participants’ age, level of education, employment status, residency
status, frequency of contact with the mother in one week (face to face, phone, email etc.), whether the
mother has any age-related health condition that needs care, and whether they provided regular help to
their mothers in the daily tasks during the last 3 months were asked.

Procedure

The present study was approved by the ethical committee of the university where the research was being
held. The study was completed as part of a larger project titled “Adult Daughter-Mother Attachment:
The Relationship between Caregiving Style of Adult Daughter, Mothers’ Psychological Well-Being and
Future Care Seeking”, granted by Turkish Academy of Sciences between 2014 and 2017.

Before the data collection, AAS (Cicirelli, 1995) was translated into Turkish utilizing translation and
back-translation procedure by the researchers who had the command of both languages. Considering the
range of SES and education level, the scale was constructed as 5 point Likert Scale (1 = Totally
Disagree; 5 = Totally Agree) rather than 7 point as in the original form, in order to control the extreme
responses and the high level of skewness and kurtosis (Hui & Triandis, 1989, Lozano, Garcia-Cueto &
Muniz, 2008).

The data was collected from the psychology undergraduate students. Health centers, mukhtars,
pharmacies, shopping malls, parks and other similar public areas in the neighborhoods listed by Turkish

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 455
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Statistical Institute were visited and the research was completed with women who met the inclusion
criteria of the research and volunteered to participate in the study. After signing the informed consent
form, the scales were handed to the participants in an open envelope and asked to fill in that instant. The
completed scales were received in a sealed envelope. Applications lasted approximately 15 minutes. In
the end, participants were given a gift voucher of 10 Turkish Liras as a token of appreciation and were
asked if they are willing to participate for the second time. Women who agreed to participate in the retest
were asked for their contact number or email address.

Data collection process had been completed with 600 participants however, 40 of them were discarded
due to missing data. The analyses were completed with 560 participants. Six months after the first test,
the retest was completed with women (21%, n = 120) who agreed to participate for the second time.

Data Analysis

The factor structure of AAS was first tested for DH Group using EFA. Secondly, the factor structure
obtained for the DH Group was confirmed for the NDH Group by CFA and the measurement invariance
was tested.

The internal consistency of the scale was computed by Cronbach’s Alpha coefficient. Also, test-retest
reliability was assessed by Pearson correlation coefficients for the 6-month interval. Finally, Pearson’s
correlation coefficients of AAS with MAD and WHOTO as theoretically and empirically related and
similar constructs were tested in support of convergent and concurrent validity.

RESULTS

Prior to analysis data were screened for missing data and was found to be no more than 5% of the total
number of items. Mean replacement was preferred for interval variables. Univariate and multivariate
outliers, normality, and linearity were examined and assured for the data.

Exploratory Factor Analysis for DH Group (EFA)

Before EFA, inter-item correlations for singularity, VIF (variance inflation factors), Cl (condition
indices), and TI (Tolerance Indices) for multicollinearity problems were examined for 15 items in the
original AAS. For multicollinearity, VIF > 5, Cl > 30, and Tl < .20 were accepted as critical levels
(James, Witten, Hastie & Tibshirani, 2014). Accordingly, the item 14 (“When | am with my mom | feel
| am with someone whom I can totally depend on) was found to be critical in terms of multicollinearity
(VIF=4.75, Cl = 36.46, Tl =.21). This item also was found to have a high level of inter-item correlation
(r = .85) with item 9 (“When | am with my mom | feel | am with someone | can lean on”). When
examined closely, it was noted that there was a subtle difference between the expressions of these two
items in English, which might be lost in translation. Since multicollinearity statistics for item 9 were
satisfactory, item 14 was decided to be discarded from further analyses.

After the elimination of one item from the original scale, the factorability of 14 AAS items for DH
Group (N = 304) was examined. The Kaiser-Meyer-Olkin measure verified the sampling adequacy for
the analysis, KMO = .95 (Field, 2013; Tabachnick & Fidell, 2013). The result of the Barlett test of
sphericity (x> = 3706.1 p < .001) were ensured that the data was appropriate for factor analysis. EFA
was conducted initially regarding the 4-factor structure implied in the original study. However, it was
found that the last two factors had eigenvalues less than Kaiser’s criterion of 1 and the distribution of
items was not conceptually and theoretically meaningful. Therefore, the research assumption about two-
factor structure of the scale was tested.

A principal component analysis (PCA) was conducted to determine the factor structure. Based on the
eigenvalues and the scree plot, a two-factor solution was indicated. Item 6 has been eliminated due to
cross-loading, considering the loadings were above .30 for both factors (Tabachnick & Fidell, 2013).
After the elimination of Item 6, interpretation of the two factors was conducted by Direct Oblimin

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 456



Anafarta-Sendag, M., Kutlu, F. / Adult Daughter-Mother Attachment: Psychometric Properties of Turkish Version of
Adult Attachment Scale

rotation since the factors were conceptually related. Results showed that the variance explained by the
first and second factor were 64.32% and 7.53% respectively, making 71.86% of total variance explained
by 13 items of AAS. The factor loadings of the items are presented in Table 1.

Table 1. Factor Loadings, Mean and Standard Deviation for AAS

Factor | Factor 11
Secure Base Safe Haven M SD
Item 4 .99 -.16 4.07 .83
Item 9 .87 .00 3.94 1.00
Item 7 .87 .04 3.93 .94
Item 15 .82 .10 3.92 .93
Item 11 79 -.01 3.94 .88
Item 1 e .08 3.88 .99
Item 3 75 .10 4.07 .89
Item 6 .48 37 3.62 1.09
Item 10 -.08 .95 3.33 1.23
Item 5 -.02 .89 3.00 1.34
Item 8 -.05 .87 3.07 1.27
Item 13 .18 74 3.31 1.23
Item 2 13 .66 3.26 1.15
Item 16 .06 .66 3.29 1.34

Eigenvalues 9.00 1.10

Exp. Variance 64.32 7.53

When the distribution of items was examined, Factor 1 was seen to include items that represent the
internalized aspect of attachment of which the mother was perceived as a sense of security even without
the presence of active threat; therefore labelled as “Secure Base” (SB) (e.g. “When | am with my mother,
| feel that | am with someone | can depend on”). Furthermore, Factor 2 was labeled as “Safe Haven”
(SH) considering the items loaded on this factor were about the actual support seeking in the presence
of threat (e.g. “If I am in trouble, the first person | want to talk to is my mother™).

Confirmatory Factor Analysis for NDH Group (CFA)

Similar to the original study (Cicirelli, 1995), the EFA was conducted with adult women who provided
instrumental help to their mothers in the last 3 months (DH Group). Additionally, and as suggested, the
factor structure obtained by EFA was confirmed in the second group of adult women that was similar to
the first group in terms of age, education level, and occupational status, but different in terms of daily
help provided to the mothers. The second group (NDH) was composed of adult women who did not
provide instrumental help to their mothers in the last 3 months for several different reasons (such as
living away, the workload of a daughter, absence of parents need, presence of other children helping
mother). The purpose of conducting CFA for the NDH group is to confirm the similar factor structure
established by EFA in the DH Group and to establish measurement invariance.

Before CFA, inter-item correlations for singularity, VIF, CI, and TI for multicollinearity problems were
examined and assured for the NDH Group.

CFA for NDH Group (N = 256) was conducted as a higher order construct of adult attachment composed
of two factors as SB (7 items) and SH (6 items) established by EFA for DH Group. The model indices
of 13 items were as follows: ¥?(64) = 215.52 p < .01, y%/sd = 3.37, GFI = .88, AGFI = .84, CFIl = .94,
TLI =.93, RMSEA = .09, suggesting a poor fit. Hence, the regression weights and modification indices
pointed out that the fit of the model could be improved. Considering the modification indices, the error
term of the item 4 was correlated with items 7 and 3 within the AAS-SB factor. Also, the error terms of
items 10 and 13, 8 and 16 in the AAS-SH factor were correlated. As a result, the second model presented
an adequate fit for 13 items with two factors (y 2(59) = 232.92, p < .01, ¥*/sd = 3.9, GFI = .94, AGFI =
.90, CFI = .96, TLI = .95, RMSEA = .07). As shown in Figure 1, weights for the regressions of item
scores on their respective factors were between .56 and .88.
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SEURE BASE

Figure 1. General Measurement Model for NDH Group

Measurement Invariance for DH and NDH Group

Based on the acceptable results of CFA for NDH Group (y%(59) = 232.92, p < .01, y%/sd = 3.9, GFI =
.94, AGFI = .90, CFI = .96, TLI = .95, RMSEA = .07) multi-group analysis was conducted for
measurement invariance. At first, the CFA for DH Group was established as well for comparison (x?(60)
= 172.95, p < .01, ¥*/sd = 2.88, GFI = .92, AGFI = .86, CFI = .97, TLI = .96, RMSEA = .07). The
configural model yielded an adequate fit to the data as seen in Table 2.

Table 2. The Goodness of Fit Indices for Invariance Test and Results of y2 Difference Tests

v df Ay (Adf) RMSEA SRMR CFl ACFI
Cl 332.14 120 - - .05 .04 .965 -
Ml 339.76 131 7.62 11 .05 .05 .965 .000
FVI 344.01 134 11.89 14 .05 .06 .965 .000
FCI 395.97 151 63.83 31 .05 .06 .959 .006

Note 1. DH Group N = 304; NDH Group N = 256.
Note 2. CI = configural invariance; MI = measurement invariance; FVI = factor variance invariance; FCI = factor covariance
invariance.

Comparing the MI, FVI, and FCI models with the CI model, the changes in ¥* were nonsignificant.
Further, the changes in CFI between CI and MI, between MI and FV1, and between FVI and FCI were
either smaller than or equal to .01. These findings of invariance testing provided support for factorial
invariance of the AAS scale across two groups.
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Reliability: Internal Consistency and Test-Retest Reliability

The final version AAS is composed of 13 items with Cronbach’s Alfa coefficient of .95 for the total
scale, .94 for the AAS-SB, and .89 for the AAS-SH. Item-total correlations ranged between .63 and .82
for AAS-SB and .42 and .73 for AAS-SH. Also, the correlation coefficients of AAS-SB and AAS-SH
with total scale were .93 and .96 respectively. The correlation coefficient between the two factors was
.78.

Stability of AAS was tested over the 6-month interval for the 21.4% of the participants (n = 120) and
the significant correlation coefficient between time 1 and time 2 was established for AAS-SB (r = .75),
AAS-SH (r = .69), and for the total scale score (r =.78).

Further Support for AAS: Convergent and Concurrent Validity

To provide further support for the validity of AAS, correlation coefficients with theoretically and
empirically related variables were computed. As presented in Table 3, the AAS scores were found to be
weakly and negatively correlated with age (AAS total r = -.14, AAS-SB r = -.10, ASS-SH r = -.17),
moderately and positively correlated with the frequency of contact with the mother (AAS total r = .40,
AAS-SB r =.37, ASS-SH r = .38). Furthermore, AAS scores were found to be significantly and strongly
correlated with MAD assessing the quality of the current relationship between mother and adult
daughters in 4 subdomains, the correlation coefficients were ranging from .54 to .74.

Lastly, in support of the concurrent validity, AAS was found to be significantly correlated with WHOTO
which assesses the primacy of the mother in the attachment hierarchy both in general and separately for
each basic function of attachment (Physical Proximity, Secure Base, and Safe Haven). Although
generally and consistently significant, the correlation coefficient of AAS-SB with WHOTO-SB (r = .45)
were relatively stronger than WHOTO-SH (r = .35) and WHOTO-PP (r = .33). Also, the correlation
coefficient of AAS-SH with WHOTO-SH (r = .54) and WHOTO-PP (r = .56) were relatively stronger
than WHOTO-SB (r = .35) implicating the differential pattern of relationship for the 2 factors of AAS.

Table 3. Pearson Correlation Coefficients of AAS with Related and Similar Constructs

AAS-SB AAS-SH AAS-TOT
Age -.10" -17 14"
Frequency of Contact 37 38" 40"
MAD-Connectedness 70™ 69™ 74
MAD-Hierarchy Trust 48™ 66" 62"
MAD-Feeling of Closeness 55" .58™ .60™
MAD-RIt. Satisfaction 54™ 55" 58"
WHOTO-SB A5 .35™ 427
WHOTO-SH .35™ 54" 50"
WHOTO-PP 33” 56" 51"

Note 1. MAD=Mother-Adult Daughter Questionnaire, WHOTO-PP = Physical Proximity, WHOTO-SB = Secure Base,
WHOTO-SH= Safe Haven, WHOTO-TOT= Total.
"p<.05 "p<.01

DISCUSSION and CONCLUSION

In this study, the Turkish validity and reliability of AAS which was specifically developed for the
purpose of assessing adult daughters’ attachment to their aging mothers, was tested.

When the structural analyses were considered, results were consistent with the original study, and
beyond that, a more coherent picture was provided in support of the construct validity. Although AAS
was originally developed depending on the four basic aspects of secure attachment (seeking security or
comfort, distress upon separation, joy upon reunion, and feelings of love and closeness), the result of
the factor analysis was reported to be unexpected and inconclusive. Thus, AAS has been tentatively
regarded as a unidimensional construct. By pointing out the small size and homogeneous structure of
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the sample in the original study, Cicirelli (1995) had stated that the construct validity of AAS should be
tested in a larger and heterogeneous sample. More specifically, Cicirelli (1995) emphasized the
importance of replication with a group of adults who could not help their parents for any reason, recalling
that AAS was only developed with adult daughters who regularly helped their mothers on daily tasks.
Regarding this, the present study was designed with a relatively larger sample size that was separated
into two groups as adult daughters who did and did not provide regular help to their mothers on daily
tasks.

First, EFA was conducted with a sample of adult women, who had similar characteristics to the sample
of the original study in terms of the instrumental help provided regularly to mothers (DH Group).
Depending on the preliminary results, two items were discarded from the Turkish version of the scale
either due to multicollinearity or high cross-loading. After discarding the 2 items, the two-factor solution
and the distribution of items were found to be similar to the original study only with some minor
differences that made the interpretation conceptually more meaningful. When the content of the factors
examined closely, rather than four-factor structure proposed by Cicirelli (1995) an alternative and
theoretically more meaningful perspective for labeling the factors popped out. Accordingly, factors were
labeled as “Secure Base™ and “Safe Haven”; two basic functions of attachment one of which represents
the source of security without the presence of active support seeking and the other one of which
represents the actual seek of support in the presence of a threat. This factor structure established by EFA
was further validated by CFA with the second group of adult daughters who were not providing
instrumental help to their mothers regularly (NDH Group). The results revealed that the factor structure
obtained was valid for both samples. Furthermore; measurement, factor variance, and factor covariance
invariance were demonstrated for two samples by multi-group analysis and the results were considered
as strong support for the structural validity of AAS.

Concurrent validity of AAS was tested by examining its correlation with WHOTO a scale of which,
assesses attachment network and the relative primacy of significant others in the attachment hierarchy.
AAS and WHOTO are similar not only conceptually but also structurally. However, the major difference
between these two scales is that WHOTO requires an evaluation of the relative importance of the many
significant others in one’s life. Because of that, WHOTO is sensitive to the width of attachment network
and the scale score might vary according to marital status, death of a family member, number of siblings,
children, friends, and relatives, etc., which might complicate the interpretation of scale score. In contrast,
AAS requires a relationship-specific evaluation independent of the presence of other attachment figures.
In favor of concurrent validity, results presented that AAS, in general, is positively correlated with
WHOTO. This means that as adult daughters’ level of attachment to mother increases, the mothers’
priority in the attachment hierarchy increases compared to other attachment figures. Besides, it was
noted that similar dimensions (e.g. AAS-SB & WHITE-SB) on both scales were more strongly related
to each other than non-similar dimensions (e.g. AAS-SB & WHOTO-SH). Although the statistical
significance of these differences in correlation coefficients has not been tested, such a pattern could be
considered as remarkable.

Convergent validity of AAS was tested by examining its correlation with theoretically related concepts
such as general relationship quality assessed by MAD and frequency of contact. As expected, AAS was
found to be strongly correlated with all MAD subscales and moderately correlated with the frequency
of contact. Although weak, significant negative correlation between AAS and the age of adult daughter
also has been found. This finding is consistent with the attachment theory which states that the
importance of the mother as attachment figure decreases in time and that attachment is transferred to
friends, romantic partners, and spouses over time (Rosenthal & Kobak, 2010). This result should also
be considered as critical in pointing out the appropriate way of interpretation of the scale score.
Accordingly, it should be noted that attachment level which is sensitive to developmental changes in the
attachment network, is not necessarily accounted as the attachment security that is resistant to change.
Thus, for future research, it is strongly advised that AAS is used and interpreted in its conceptual limits.

To sum up, the Turkish version of AAS could be accepted as a reliable and valid measure of the level
of adult daughters’ current attachment to their mothers. AAS-Turkish is composed of two conceptually
related factors that can be utilized both as separate scores to point out the significance of mother either
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as a secure base or haven and as a total score pointing out the significance of mother as an attachment
figure. The scale should be fruitful for researchers in testing certain predictions and understanding the
dynamics of attachment bond between adult children and their elderly parents. Given that the global
population is rapidly aging (He et al., 2016), that the cultural expectations for adult daughters as being
primary caregivers for the elderly are increasing (Ataca et al., 2005; Finley, 1989; Ingersoll-Dayton
et.al., 1996; Imamoglu, 1987; Kagitcibasi, 1985; Zahn & Montgomery, 2003), and that attachment
theory still offers little to understand the dynamics of attachment relationships in late life AAS could be
a valuable tool in providing preliminary answers.
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Yetiskin Kiz - Anne Baglanmasi: Yetiskin Baglanma Skalasi
Tiirkce Versiyonunun Psikometrik Ozellikleri

Girig

Diinya niifusu gittik¢e artan bir hizda yaglanmaktadir (Bloom, Canning & Lubet, 2015; Lowenstein,
2005; Trommsdorff & Nauck, 2006). Gelecek 30 y1l igerisinde Avrupa niifusunun %28’nin 65 yas tsti
olacagina isaret edilmektedir (He, Goodkind & Kowall, 2016). Giin gectik¢e hizlanan bu degisimin
saglik sektorii icin tagidigi risklerle birlikte, sosyal yasant1 ve aile yapisinda, bugiinden gézlemlenmeye
baslayan, olumlu ve olumsuz sonuglar1 da tahmin edilmektedir. Buna gore; bir ailede {i¢ ve hatta dort
neslin bir arada gegirecegi yillar artmakta, artan saglik yasam kalitesi biiyilk ebeveynlerin aile
dinamiklerindeki rol ve sorumluluklarim farklilastirmaktadir. Ote yandan, yaslanan ve bakima ihtiyag
duyan aile liyelerine bakim sorumlulugu ve siiresi de artmaktadir. Birgok farkli kiiltiirde, yaslanan aile
iiyesine bakim verme sorumlulugunun kiz ¢ocugunda oldugu (Ataca, Kagit¢ibasi, & Diri, 2005;
Imamoglu, 1987; Ingersoll-Dayton, Starrels, & Dowler, 1996; Zhan & Montgomery, 2003) ve son
yillarda daha fazla kadinin yasli ebeveynine bakim vermek i¢in isten ayrildigi rapor edilmektedir
(Manuela, Emmanuele, & Cristina, 2016).

Bu degisimlerin isaret ettigi riskler ve ¢6ziim ihtiyaci ile paralel olarak alan yazindaki arastirmalarin
artt1g1, psikobiyolojik boyutta yaslh sagligi, yasli bakim uygulamalari, bakim veren yiikii ve stresi (6rn.,
Feng, Liu, Guan & Mor, 2012; Rowland & Bellizzi, 2014), sosyolojik boyutta ise nesiller arasi
dayanisma ve evlat yiikiimliliigii (6rn., Bengtson, Rosenthal & Burton, 1990; Bengston & Oyama,
2007) gibi konularin agirlikli olarak vurgulandigi dikkat ¢cekmektedir. Bu konularin 6nemi yadsinamaz
olmakla birlikte, bazi1 aragtirmacilar (6rn., Bengtson, Giarrusso, Mabry & Silverstein, 2002; Lowenstein,
Katz & Gur-Yaish, 2007; Schwarz, Trommsdorff, Kim & Park, 2006) biiyiik resimdeki énemli bir
bosluga isaret etmekte; bakim alan ve veren arasindaki duygusal bagin géz ardi edildigine vurgu
yapmaktadir. Yaslanan aile bireyine bakim vermede her ne kadar sorumluluk duygusu, evlat
yiikiimliiligii, zorunluluk, gereklilik ve saygi gibi faktorler belirleyici olsa da, bu faktorlerin sunulan
bakimin kalitesi ve etkinligi ile iligkili olmadigi, her iki tarafin deneyimledigi duygusal stres, fiziksel ve
psikolojik yagsam kalitesinde de temel etken olmadigi goriilmektedir. Bu noktada, yetigkin ¢ocugun yasl
ebeveyni ile kurdugu duygusal bag kalitesinin kritik bir oneme sahip oldugu ifade edilmekte ve
baglanma kuramina isaret edilmektedir (6rn., Bengtson, Giarrusso, Mabry & Silverstein, 2002;
Lowenstein, Katz & Gur-Yaish, 2007).

Baglanma kurami, baglanmanin yasamsal énemini vurgulamasi ve dmiir boyu bag kurma ihtiyacinin
normalligine isaret etmesi agisindan 6zgiin ve etkili bir yaklagim ortaya koymaktadir. Yasamin en erken
doneminde, ilk olarak ¢ogunlukla anneyle kurulan giivenli bagin sevme, 6nemseme, umursama, yardim
etme ve yardim isteme potansiyelini sekillendirdigi (Waters, Kondo-lkemura, Posada, & Richters, 1991)
dolayisiyla, yasam boyu tiim yakin iligkilerdeki duygu ve davranislarin diizenlenmesinde kritik bir
faktor oldugu belirtilmektedir (Ainsworth, 1989; Bowlby, 1979; Waters, Merrick, Treboux, Crowell, &
Albersheim, 2000).

Yalnizca tek bir kisiyle kurulmayan baglanmanin, sinirli sayida 6nemli digerlerinden olusan hiyerarsik
bir ag oldugu (Bowlby,1969/1982), bu agin gelisimsel siirecte degistigi ve birincil baglanma figiirliniin
zamanla ebeveynden arkadasa, arkadastan ese transfer edildigi ifade edilmektedir (Rosenthal & Kobak,
2010). Ancak babanin aksine, annenin statiisii degisse de her zaman baglanma aginda yeri oldugu ve
hatta yagamdaki gelisimsel doniim noktalarinda (ilk kez anne/baba olmak gibi) annenin hiyerarsideki
birincil pozisyona tekrar yiikselebildigi belirtilmektedir (Doherty & Feeney, 2004; Rosenthal & Kobak,

2010). Bir baglanma figiirii olarak annenin yasam boyu devam eden rolii ampirik olarak desteklenmis
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olsa da yetiskin ¢ocuk ve ebeveyni arasindaki duygusal bagin dinamikleri iizerine alan yazinda oldukca
sinirli sayida ¢alisma bulunmaktadir. Bu noktada Cicirelli’nin arastirmalart (1983, 1991, 1993, 1995,
2010), yetiskin cocuklarin yasl ebeveynlerine hem duygusal anlamda ilgi gostermeleri hem de giindelik
isler agisindan yardimci olmalarindaki motivasyonun anlagilmasinda bir baslangi¢ olmustur. Alan
yazindaki bosluga ve yetiskin ¢ocugun anneyle devam eden baglanmasinin degerlendirilmesinde uygun
bir aracin yokluguna vurgu yapan Cicirelli (1991), bu amagla Yetiskin Baglanma Skalasi’n1 (YBS)
gelistirmistir.

YBS, giindelik islerde annelerine diizenli olarak yardim eden kadinlarla gelistirilmis ve farkli
arastirmalarda amaca yonelik test edilmistir (Cicirelli, 1991, 1993, 1995). Buna gore; yetiskin kizlarin
yardim siklig1 ile algiladiklar1 bakim verme yiikii arasindaki iliskiyi inceleyen Cicirelli (1993), dncelikle
yardim sikliginin ebeveynin yardima ihtiya¢ duymasi, yetiskin kizin yiikiimliilik hissi ve baglanma
diizeyi ile iligkili oldugunu belirtmistir. Ancak, yardim sikligindan bagimsiz olarak algilanan bakim
verme ylkiiniin hissedilen yiikiimliiliik ile pozitif, baglanma diizeyiyle ise negatif yonde iliskili
oldugunu ortaya koymustur. Alan yazindaki bu ilk ¢aligmalar, bir yandan yetiskin ¢ocuk - anne
arasindaki duygusal bagin anlagilmasinin kritik 6nemine bir yandan da YBS’ nin ilerideki arastirmalarda
degerli bir arac olarak kullanilabilecegine isaret etmektedir.

Tirk kiltiirinde, yaslanan ebeveyne bakim verme ylkimliliigliniin agirlikli olarak kiz ¢ocugunda
olmasi (Ataca, Kagit¢ibasi, & Diri, 2005; Imamoglu, 1987), bakim verme siirecinde karsilikli kurulan
duygusal bagin 6nemi yadsinamaz olmakla birlikte arastirmacilar tarafindan konunun géz ardi edilmis
olmasi, yetiskin ¢cocuk - anne baglanmasi iizerine ulusal ve uluslararasi alan yazinda sinirh sayida bilgiye
ulasilmas1 nedeniyle ve konuyla ilgili aragtirmalara bir baglangi¢ noktasi olmasi amaciyla, bu ¢calismada
YBS’ nin Tiirkge ’ye uyarlamasi hedeflenmistir.

Yontem

Arastirmaya, yaslar1 25-65 arasinda degisen, evli ve anneleri halen hayatta olan yetiskin kadinlar
katilmistir. Katilimcilar, son 3 ayda giindelik islerde (6rn., temizlik, aligveris, banka isleri, saglik
islerinin takibi vb.) annelerine diizenli yardim etme durumuna gore iki gruba ayrilmistir. Diizenli yardim
eden (DY) grup 304 (X yus = 38.8), diizenli yardim etmeyen (DYY) grup ise 256 (X yas = 38.5) kisiden
olugmustur. Hi¢bir annenin ¢alismanin yapildigi donemde ileri yasa bagli bakim ihtiyact olmamasi
arastirmaya katilma kriteri olarak dikkate alinmistir.

Veri toplama araglart

Yetiskin Baglanma Skalasi (YBS) (Cicirelli, 1991, 1995), yetiskin bireyin ebeveynine baglanma
diizeyini degerlendirmeyi amaglayan; giivenli baglanmanin 4 tanimlayici 6zelligi olan giivenlik arayisi,
ayrilik stresi, fiziksel yakinliktan keyif alma, sevgi ve yakinlik hissi boyutlar1 temel alinarak
olusturulmus 16 maddelik, 7 noktali Likert tipi bir 6l¢ektir. Orijinal calismada, agimlayici faktdr analizi
2 boyut ortaya koymus ancak, bu boyutlarin 6nemli diizeyde ortiismesi nedeniyle dl¢ek tek boyut olarak
kabul edilmistir. Giivenirligi diisiik olan bir maddenin ¢ikarilmasiyla YBS, 15 maddelik tek boyutlu bir
dlcek olarak sunulmustur. Olgegin gegerligi kapsaminda sevgi (r = .73), giiven (r = .60) ve kisilerarasi
catisma (r = -.28) kavramlariyla iligkisi desteklenmistir. Ayrica, YBS ile degerlendirilen baglanma
diizeyinin, sevgi, giiven ve kigilerarasi ¢atigma diizeyinden daha giiglii olarak anneye yardim etme
davranislarini yordadigi da gosterilmistir. Olgegin i¢ tutarlik katsayis1 .95, bir yillik test-tekrar test
giivenirligi ise .73 olarak tespit edilmistir.

Anne-Yetiskin Kiz Olgegi (AYKO) (Rastogi, 2002), yetiskin kizlarin anneleriyle bugiinkii iliskilerini
kiiltiirel farkliliklari da dikkate alarak degerlendirmeyi hedefleyen, 18 maddelik, 5 noktali Likert tipi bir
olgektir. Tiirkge uyarlamasi yapilan AYKO (Onayl, Erdur-Baker, & Akséz, 2010), “Baglhilk” ve
“Hiyerarsiye Gliven” olarak 2 alt 6l¢ekten olusmaktadir. Test-tekrar test glivenirlik katsayisi .90, i¢
tutarlik katsayisi ise “Baglilik” alt 6lcegi igin .88, “Hiyerarsiye Giiven” alt 6lgegi iginse .87 olarak
belirtilmistir.
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Baglanma ag1 ve bu aga dahil olan kisilerin hiyerarsik pozisyonunu degerlendirmeyi hedefleyen KIME
Ol¢egi (Fraley & Davis, 1997; Hazan & Zeifman, 1994; Trinke & Bartholomew, 1997), baglanmanin
fiziksel yakinlik arayis1 (FY), giivenli siginak (GS) ve giivenli iis (GU) islevini temel alan 6 maddeden
olugmaktadir. Her madde igin 6nem sirasina gore dort kisinin siralanmasi beklenmektedir. Puanlar 1
(listelenen son kisi) ila 4 (listelenen ilk kisi) arasinda degismekte ve yiiksek puan, listelenen kisinin
baglanma hiyerarsisindeki dnceligine isaret etmektedir. Puanlar hem baglanma islevleri i¢in ayr1 olarak
hem de toplam puan olarak hesaplanabilmektedir. Olcegin Tiirk¢e uyarlamasi yapilmis (Giindogdu-
Aktiirk, 2010) ve i¢ tutarlik katsayist .85 - .90 arali§inda rapor edilmistir.

Islem

Bu calisma, 2014-2017 yillar1 arasinda TUBITAK tarafindan desteklenen bir proje kapsaminda
yapilmistir. Calisma 6ncesi gerekli etik kurul onayr alinmistir.

YBS’ nin (Cicirelli, 1995) Tiirkge cevirisi, her iki dile hakim uzmanlarca, g¢eviri ve geri-geviri
yontemiyle yapilmustir. Olgek, asir1 ug degerlere y1gilmay1 6nlemek amaciyla 5 noktali Likert tipi olarak
diizenlenmistir.

Sonug ve Tartisma

Calismada ilk olarak YBS’nin faktor yapisi, Temel Bilesenler Analizi ile DY grubunda (N = 304) test
edilmistir. Ozdegeri 1’den biiyiik olan 2 faktor yapisi gdzlemlenmistir. Ozdegerlerin ¢izgi grafik
dagilimi ve madde dagilimmin kuramsal tutarliligi dikkate alinarak 2 faktorli ¢6ziimlemenin
uygunluguna karar verilmistir. Iki maddenin ¢apraz yiikleme ve ¢oklu baglanti nedeniyle ¢ikarilmasi
sonrasinda, toplam 13 madde i¢in 2 faktorlii yapi, egik rotasyon ile tekrar test edilmistir. A¢iklanan
varyans tiim 6lgek igin %71.86, birinci faktor (7 madde) i¢in %64.3, ikinci faktor (6 madde) igin ise
%7.53 olarak tespit edilmistir (Tablol). Madde dagilimlari incelendiginde birinci faktoriin altinda,
tehdit/tehlike olmadig1 anlarda hissedilen igsellestirilmis gilivenlik hissiyle ilgili maddelerin (6rn.,
Annemle birlikte oldugum zaman giivenebilecegim biri ile birlikte oldugumu hissederim) toplandigi
gdriilmiis ve bu faktor ‘Giivenli Us’ (GU) olarak isimlendirilmistir. Ikinci faktorde ise tehlike aninda
aktif destek arayisiyla iligkili maddelerin (6rn., Bir zorluk yasadigimda konusmak istedigim ilk kisi
annemdir) toplandig1 goriilmiis ve bu faktor de “Giivenli Siginak” (GS) olarak isimlendirilmistir.

DY grubunda elde edilen 6l¢ek yapisinin, DYY grubunda dogrulanmasi ve 6l¢iim degismezliginin test
edilmesi amaciyla Dogrulayici Faktor Analizi yapilmistir. Global uyum iyiligi gosterge degerlerine
gore, verinin ilk modele iyi uyum gostermedigi bulunmustur (y%(64) = 215.52 p<.01, y%sd = 3.37,
GFI=.88, AGFI = .84, CFI = .94, TLI = .93, RMSEA = .09). Modifikasyon gostergeleri dogrultusunda
yapilan diizenleme sonucunda verinin modele kabul edilebilir diizeyde uyum sagladigi bulunmustur (y
2(59) = 232.92, p<.01, y¥?/sd = 3.9, GFI = .94, AGFI = .90, CFl =.96, TLI =95, RMSEA = .07).
Dogrulayici faktoér analizi sonucunda elde edilen bu modelin DYY ve DY gruplart i¢in degismezligi,
¢oklu grup analizi ile test edilmistir. Metrik, Olgek ve kati degismezlik modellerinin bigimsel
degismezlik modelinden anlamli diizeyde farkli olmadigi tespit edilmistir. Elde edilen uyum istatistikleri
ve uyum katsayilarina ait fark degerleri Tablo 2’de sunulmustur.

Acgimlayict ve dogrulayici faktdr analizler sonucunda, 2 boyutlu 13 maddelik bir 6lgek olarak
yapilandirilan YBS nin tiim 6lgek igin i¢ tutarlik katsayis1 .95, YBS-GU i¢in .94 ve YBS-GS i¢in .89
olarak tespit edilmistir. YBS nin test tekrar-test giivenirligi 6 ay arayla yapilmis ve YBS-GU igin .75,
YBS-GS i¢in . 69 ve toplam puan i¢in .78 olarak tespit edilmistir.

Yakinsak gecerligi destekler nitelikte, YBS nin anneyle iletisime ge¢cme sikligi (r = .37 - .40), iliski
tatmini (r = .54 - .58), yakinlik hissi (r = .55 - .60), AYKO-Baghlik (r = .69 - .74) ve AYKO-Hiyerarsiye
Giiven (r = .48 - .60) ile pozitif yonde anlamli iligkisi gosterilmistir. Ayrica, es zaman gegerligini
destekler nitelikte YBS’nin, baglanmada hiyerarsi onceligini degerlendiren KIME’nin tiim alt
boyutlartyla anlamli, pozitif ve tutarli iliski tespit edilmistir. Buna ek olarak, YBS-GU’niin KIME-GU
(r = .45) ile korelasyon katsayisinin KIME-GS (r = .35) ve KIME-FY’ye (r = .33) kiyasla gorece daha
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yiiksek oldugu, benzer sekilde YBS-GS nin KIME-GS (r = .54) ve KIME-FY (r = .56) ile korelasyon
katsayisinin KIME-GU’ye (r = .35) kiyasla gorece daha yiiksek oldugu dikkat ¢ekmistir.

Sonug olarak, yetiskin kizlarin yaglanmakta olan annelerine baglanma diizeylerini degerlendiren YBS
Tiirkge versiyonunun gecerligi ve giivenirligi ampirik olarak desteklenmistir. Birbiriyle iligkili 2 alt
Olcekten olusan YBS-Tiirkce, yetiskin kiz i¢cin annenin giivenli iis ve siginak olarak 6nemini vurgulamak
amaciyla ayr1 puanlanabildigi gibi, annenin glivenli baglanma figiirii olarak 6nemini vurgulamak
amaciyla toplam puan olarak da degerlendirilebilmektedir. Yaslanan diinya niifusu, hizla degismekte
olan aile yapisi ve dinamikleri, yasanan sosyodemografik degisimlere yonelik ongoriilen riskler,
yaslanan ebeveyn ve yetiskin ¢cocugun yasam boyu devam eden iliskilerinin duygusal niteligi ve
baglanma dinamiklerine yonelik alan yazindaki sinirl bilgi dikkate alindiginda, YBS’nin bu alandaki
caligmalarin artmasina oncii olacagi ve Onemli bilgilerin elde edilmesi i¢in degerli bir ara¢ olacagi
diistiniilmektedir.
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Academic Jealousy Scale: Validity and Reliability Study
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Abstract

This study aims to develop a measurement tool to determine the level of academic jealousy. For this purpose,
firstly, the literature was examined, and a theoretical framework was formed, and then an item set of 47 items
was created. The items that were submitted to expert opinion were eliminated and corrected, and 41 items were
decided to use, and a trial form was obtained. In this study, 478 university students were reached. One-on-one
interviews were conducted with ten students who are studying at Alanya Alaaddin Keykubat University before
the trial application. Then, the trial form was applied to 254 university students, and the data obtained were
analyzed with Exploratory Factor Analysis, and as a result of this analysis, a structure with three factors
(maturity, self-denigration, and envy) was revealed. In order to test the defined structure, the final form of the
scale was applied to another group of 154 people, and the data obtained were subjected to Confirmatory Factor
Analysis, and goodness of fit indices of the scale was found to be between good fit or acceptable fit. Accordingly,
the structure with 19-item and three factors was confirmed Cronbach Alpha internal consistency coefficient of
the whole scale was found .779, Envy subfactor was found .840; self-denigration subfactor was found .840 and
Maturity subfactor was found .817. In order to determine the reliability of the scale in terms of stability, the scale
was applied to a different group of 57 people at two-week intervals, and the correlation between the two
applications was recorded as .89. It was concluded that the Academic Jealousy Scale developed according to
these findings, is a valid measurement tool and will give reliable scores in measuring academic jealousy.

Key Words: Jealousy, envy, academic jealousy, academic achievement, scale development.

INTRODUCTION

Jealousy is a concept that is dealt with in many areas such as psychology, sociology, anthropology,
especially in emotional relations between people (Pines & Aronson, 1983). It is known that the first
theoretical study on jealousy was made by Lewin (1948), and it was an emotion or behavior that came
up, especially in the relationships between married couples. Pines (1998) described jealousy as a
response to a hazard element that could lead to the breakdown or end of a valued relationship. In a
relationship, the emotional state resulting from the relationship of the person’s partner with another
person (Buunk & Bringle, 1987; White, 1981), feelings of anger, unhappiness and fear caused by the
deterioration or end of the relationship (DeSteno & Salovey, 1996) definitions were made. It can be
said that jealousy is often defined as the reaction to the possibility of an end to a relationship as a result
of the presence of a competitor in an emotional relationship or a marriage (Buunk, Angleitner, Oubaid
& Buss, 1996; Mathes & Severa, 1981).

All these definitions explain jealousy as a reaction to the possibility of ending or ending the
relationship based on an emotional relationship situation. Pines and Bowes (1992) state that jealousy
is a complex set of emotions and is extremely painful for most people. There are also various
approaches to cause jealousy. For example, Mead (1977) argues that jealousy results from feelings of
insecurity and inadequacy of cultural or individual origin. Greenberg and Pyszczynski (1985) state
that love, low self-esteem, fear of losing, and insecurity are at the basis of jealousy. Freud, on the other
hand, made four different explanations of the basis of jealousy (Pines, 1998): the sadness of the fear
of the loss of the loved one, the realization that we could not have everything we wanted (painful
awareness), the feelings of envy for successful opponents and the self-indulgence of feeling
responsible for losing ourselves. It is seen that Freud pointed to a different point in his statement about
jealousy. It shows that envy against successful opponents. Although the concept of envy is similar to
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jealousy in daily life, it has significant similarities to jealousy in emotional relationships. However, it
is different because it is aimed at something that is not owned and a perceived opponent.

Jealousy refers to an individual wants to have what other people have, the individual compares the
material opportunities, success, physical characteristics of others with his own, and ultimately the
superiority or quantity of someone else, and ultimately, describes a situation where the individual
cannot accept the quality or quantity of someone else superior to themself (Anderson, 2002; Kim &
Hupka, 2002; Parrott & Smith, 1993; Pines, 1998). While in jealousy, the individual reacts to maintain
a relationship that he or she has, in case of envy, the individual wants a situation that he or she does
not have (Pines & Aronson, 1983). One of the main differences between jealousy and envy is that
jealousy involves three people, not two people as envy. An individual can envy others and aim at what
other people have; property, beautiful eyes, personality traits, success, and so on. The focus of envy is
an object or property. The focus of jealousy is a third person who is perceived as a threat to the existing
relationship (Brehm, 1992; Friday, 1985; Pines, 1998; Salovey & Rodin, 1986). According to
Spielman (1971), envy is the desire of the individual to have what another person has, and the
unhappiness and feeling of badness are given by something that someone else has what she or he wants
to have. According to this, envy shows itself with the anger and sadness of not having.

Salovey and Rodin (1986) made the difference between jealousy and envy by defining social
relationship jealousy and social comparison jealousy. Accordingly, the reaction of an individual’s
relationship with another person (this can also be an object) is threatened by another person is social
relationship jealousy. This can be considered as a reaction to the risk of something that an individual
has; it is taken away. What is owned can be a relationship, home, car, success, professional position,
but it is often defined as a reaction to the risk of loss or break down of an emotional relationship. In
jealousy of social comparison, there is the relationship, professional position, success, home, car,
personality trait, or physical trait that the individual wishes to possess, and is the effort to be nurtured
and replaced by another person who has this condition. Although both definitions are called jealousy
in daily life, it can be stated that social relationship jealousy corresponds to jealousy and social
comparison jealousy corresponds to envy.

When definitions of jealousy and envy are examined, it is seen that both concepts are directly related
to each other. One concept is the tendency to protect something that is owned, and the other is the
tendency to obtain something that does not. With X and Y persons and object A, these two concepts
can be summarized as follows: Person X has A and knows that Y wants to have A. In this case, X’s
sense of protecting A from Y is jealousy. Person Y wants to have A, but X owns it. In this case, Y’s
aim and reaction to obtain A from X is envy. Jealousy and envy involve complex emotions experienced
during these desires to obtain or not to lose something. Various studies and scales are found in the
literature in order to reveal these complex emotions and the variables they are associated with,
especially in order to measure jealousy in emotional relationships. With the scales such as Cognitive
Distortions Related to Relationships developed by Hamamci (2002), Multidimensional Jealousy Scale
was developed by Pfeiffer and Wong (1989) and was adapted into Turkish by Karakurt (2001),
Emotional Jealousy Scale was developed by Kizildag (2017), Partner Emotional Jealousy Scale was
developed Kizildag and Yildirim (2017), jealousy, especially in emotional relations, was tried to be
defined and measured.

Although jealousy comes to mind when jealousy is mentioned, one of the critical points in this regard
is the concepts of jealousy and envy among individuals encountered in education. The envy for
successful opponents and the self-criticism that led us to hold ourselves responsible for being lost
constitute which was mentioned in Freud’s statement of jealousy are an essential and frequently
encountered dimension of jealousy (Pines, 1998). Mass¢ and Gagné (2002) found that the students
who successfully stand out from their peers were jealoused by their peers (they describe it as a jealousy
corresponding to the concept of envy) and they showed that students were jealous of their peers’ social
and academic achievements depending on their academic achievement or intelligence. Rentzsch,
Schroder-Abé and Schiitz (2015) showed that students develop a sense of hostility towards others with
academic self-esteem, especially in competitive environments, and the envy mediates this. Gonzalez-
Navarro, Zurriaga-Llorens, Tosin-Olateju, and Llinares-Insa (2018) have demonstrated that envy
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governs interpersonal relationships in working and competitive environments. In these limited
numbers of studies, it was seen that qualitative approaches were used to measure envy or the sense of
jealousy, and there was no quantitative measurement tool to measure the state of jealousy encountered
in academic settings in the literature.

Today, within the number of educational institutions and university graduates increase each year, it is
thought that there is competition in both educational institutions and professional institutions, and this
will bring the concept of envy. The research results support this. When the studies which were done
and the measurement tools which are used are examined, it is seen that there is not a measurement tool
to directly reveal academic jealousy. The indirect consequence of this is the theoretical framework for
the concept of academic jealousy could not be developed. Many measurement tools to measure
emotional jealousy provide to definition of this feature and investigate of the relationship between
variables that may be related. Therefore, theories about jealousy in emotional relations have been
developed. The lack of a measurement tool to measure academic jealousy in the literature, it was cause
that this feature has not been investigated. The use of the scale by researchers is an important starting
point in terms of defining the concepts and structures to which the structure is related. In other words,
being able to measure the concept of academic jealousy with a measurement tool will also provide to
determine the other structures in which it is associated and characteristics of the structure. For this
reason, it is thought that the scale plays an important role in the development of the theoretical structure
of academic jealousy. Determining an individual's level of academic jealousy will make it easier to
determine how this trait will affect one’s academic achievement, course of education, peer
relationships, and other academic situations. In this sense, the use of the academic jealousy scale by
the guidance units in schools is important in terms of recognizing the students and being able to consult
them accordingly.

Purpose of the Study

Although the concept of jealousy is frequently examined in the literature, there is no theoretical study
on the concept of academic jealousy. At the same time, the existence of many measurement tools to
measure the concept of jealousy, especially in emotional relationships, is the basis for the development
of the relevant theoretical structure. As a reason why the theoretical structure of the concept of
academic jealousy is not defined, it can be considered that there is no measurement tool for measuring
the related structure. In this respect, the primary purpose of this research is to develop the scale of
academic jealousy. With this primary purpose, it is aimed to form the basis of the theoretical
infrastructure related to the concept of academic jealousy. Accordingly, in this study, determining the
indicators related to the concept of academic jealousy and developing the measurement tool are
forming the basis of the research.

METHOD

This study is a descriptive study in which the validity and reliability analyses of Academic Jealousy
Scale were conducted and the psychometric properties of academic jealousy were determined.

Working Groups

The study group of this study consists of 478 students who studied at Alanya Alaaddin Keykubat
University in the Fall Semester of 2018-2019 Academic Year selected by random sampling method.
Four different study groups were formed at the data collection stage. The first study group was
determined to reveal how the items were understood by the students during the writing phase of the
scale items. One-on-one interviews were conducted with ten students. Before the item pool was
generated, the students in this study group wrote an essay about their feelings and behaviors in case of
academic jealousy. The second study group consisted of 254 students who participated in the
application of pre-testing after writing the scale items. The data obtained from this application were
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used for Exploratory Factor Analysis (EFA) and reliability calculations in terms of internal
consistency. The information about the participants in the second study group is presented in Table 1.

Table 1. Information About the Participants in the Second Study Group

Grade Faculty of Vocational Faculty of Faculty of  School of
Education School Engineering Management ~ Medicine
Female 1. 24 6 1 - 5
2. 50 8 7 9 -
3. 21 - 1 17
4. 5 - - - -
Male 1. 5 2 1 1 1
2. 30 14 9 8 5
3. 16 2 6
4. 2 - - 2

A total of 254 students who are studying at different faculties and vocational schools and at different
grade levels consist of the second study group of the present study. EFA was applied to the data
obtained from the second study group in order to determine the construct validity of the scale. In
addition, the data obtained from the second study group were used to determine the reliability of the
scale and its sub-factors in terms of internal consistency and to calculate item discrimination values.

The third study group was formed to determine the reliability of the scale in terms of stability and
consisted of 57 people. Information about the participants in the third study group is presented in Table
2.

Table 2. Information About the Participants in the Third Study Group

Grade 2 Grade 4
Female 14 18
Male 9 16

Table 2 provides information about the students in the third study group. In order to determine the
reliability of the scale in terms of stability, a total of 57 students who are studying at the Faculty of
Education and not in the first group were determined as the third study group.

The fourth study group consisted of 157 students who were reapplication done to confirm the structure,
which was determined by EFA. The data obtained from this group were analyzed by Confirmatory
Factor Analysis (CFA). Information about the participants who are in the fourth study group is given
in Table 3.

Table 3. Information About the Participants in the Fourth Study Group

Grade Faculty of Vocational Faculty of Faculty od School of
Education School Engineering Management Medicine
Female 1. 10 2 5 10 8
2. 4 13 5 5 -
3. - - 3 7
4. 5 - 4 2
Male 1. 6 3 9 4 7
2. 5 6 7 4 2
3. - - 10 6 -
4. - - 2 3

Table 3 provides information about the students who are in the fourth working group. In order to test
the structure obtained with the scale, a total of 157 students were identified as the fourth study group.
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The responses of 4 participants were excluded from the analysis due to they create extreme value in
the data set. For this reason, CFA was applied with data of 153 people.

Process

In the development phase of the scale, firstly the theoretical framework was formed by examining the
literature and provided 10 students who are in the first study group of the study write a composition
about how do you feel if your friends get higher scores, perform better or be more successful than you,
on issues like exam results, participate to lesson and academic achievement. The written statements of
the students were taken into consideration in the creation of the scale items. There is no scale related
to academic jealousy in the literature. For this reason, the theoretical structures about envy and jealousy
were examined, and items that may be indicative of academic jealousy are written. According to this,
a total of 47 items were written. The opinions of one expert in the field of psychology, two experts in
the field of guidance and psychological counseling were consulted, and three items were excluded
from the scope on the grounds that they could not measure academic jealousy. Then, the opinions of
three different measurement and assessment experts were consulted, and two more items were
excluded from the scale because they measured both emotional and behavioral dimensions. Necessary
arrangements were made in line with the recommendations, and a total of 41 items were decided.
Finally, based on the opinion of one Turkish language expert, the items were checked for grammatical
rules. The items were asked by one-on-one interviews with 10 participants in the first study group and
how the items were understood was determined, and the requisite modifications were done. This
process provided significant findings to determine the structural validity of the items in the scale.

The experimental form was applied to 254 students who were in the second study group, and the data
obtained from the second study group were analyzed with CFA in order to define the structure
statistically. In addition, item statistics were determined, the final version of the scale was decided
considering the theoretical structure, and the internal consistency of the scale was estimated. In order
to strengthen the evidence about the reliability of the scale, the reliability in the test-retest of the scale
was determined by applying the scale to 57 students who are in the third study group twice in two
weeks interval. One more evidence of the structural validity of the scale was obtained by confirming
the structure. A total of 153 students who were in the fourth study group were applied the final form
of the scale and CFA was applied to the data. The accuracy of the structure created in this way has
been tested.

In the development phase of the scale, the literature review was conducted in order to determine
criterion validity and whether a scale which proven reliability and validity and developed or adapted
to Turkish to measure similar or opposite structures was investigated. However, although the concept
of jealousy in emotional relations is a frequently discussed issue, academic jealousy has not been the
subject of research. For this reason, criterion-based validity could not be determined due to the
insufficiency of the literature, and only construct validity and content validity were investigated.

Data Analysis

Expert opinion was consulted to determine the content validity of the scale. In order to determine the
construct validity, how the items were understood by students was examined. For this purpose, ten
students were interviewed about the intelligibility of the items. As statistically evidence was presented
about structural validity with EFA and CFA. In the EFA process, Horn’s Parallel Analysis method was
used in addition to the K1 rule, which is known to as eigenvalue above 1, in determining the factor
number of the scale. Cronbach Alpha was used to determine the reliability of the scale in terms of
internal consistency, and in order to determine the reliability in terms of stability, the relationship
between the data obtained by the test-retest method was determined by Pearson Product Moment
Correlation Coefficient.

Before performing the data analysis, the missing value was examined in the obtained data. The total
missing value rate was approximately 2% in the second study group, 0% in the third study group, and
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approximately 1.5% in the fourth study group. Massing values were completed by Expectation-
Maximization Algorithm method due to the method performs well in case of low percentage of missing
data in every missing data mechanism (Kogak & Cokluk-Bokeoglu, 2017). Then, the extreme value
analysis was performed, and four participants in the fourth study group were excluded from the
analysis due to their extreme values. The normality of the data sets was tested, and the analysis process
was initiated. Lisrel 8.51 program was used for DFA. Other analyses were performed using “psych”
package in R program.

RESULTS

In this section, firstly, findings related to EFA, then findings related to CFA, and finally, findings
related to reliability of the scale are given. In the process of obtaining the findings, the first EFA was
performed. Before evaluating the results of EFA, it is necessary to examine whether the data are
suitable for factor analysis. Whether the data are suitable for EFA can be explained by Kaiser-Meyer-
Olkin (KMO) and Bartlett Sphericity Test (Cokluk, Sekercioglu & Biiylikoztiirk, 2012). Kaiser-
Meyer-Olkin (KMO) coefficient and Bartlett Sphericity test results obtained in accordance with this
requirement are presented in Table 4.

Table 4. KMO and Bartlett Sphericity Test Results

Sample Value of Kaiser-Meyer-Olkin .837

Bartlett Sphericity Test Approximate Chi-Square 1444
Degree of freedom 171
Significance level .000

In accordance with the values presented in Table 4, it was decided that the data were suitable for factor
analysis. Field (2000) states that the Kaiser-Meyer-Olkin value should be above .50. A three-factor
structure was obtained as a result of EFA. Information about the factors is given in Table 5.

Table 5. Results Related about Number of Factors and Total Variance Explained

Factors Eigenvalue (%) of Variance Total Variance Explained
Factor 1 4.989 26.259 48.007
Factor 2 2.603 13.698
Factor 3 1.529 8.050
Factor 4 0.998 5.250
Factor 5 0.980 5.156

In Table 5, the factors obtained as a result of EFA, the variance explained by the factors, and the total
variance ratio explained by three factors with an eigenvalue above 1 are presented. To accept factors
with eigenvalues above 1 as determinative factors are called the K1 rule (Cokluk & Kogak, 2016).
According to this method, factors with eigenvalues above 1 were accepted as valid factors. A total
variance ratio between 40 and 60 percent is accepted as ideal (Scherer, Luther, Wiebe & Adams, 1988),
as a result of the analysis, the explained total variance ratio by three factors is approximately 48
percent. When the eigenvalues of the factors are examined, it is seen that the eigenvalue of Factor 4 is
very close to 1. According to this method, the number of factors must be determined as three due to
the rule that the eigenvalue is above 1. In order to find additional proof for number of factors, Horn’s
Parallel Analysis method was used. Horn’s parallel analysis method can be used to determine how
many factors the structure has, especially when a structure is defining for the first time. In this method,
EFA is performed in parallel in both data by producing artificial data reflecting the characteristics of
the real data, and eigenvalues of factors are compared. It is one of the most powerful methods used to
determine the number of factors. The structure of the academic jealousy scale is dimensioned for the
first time in this study; hence Horn’s parallel analysis method is used to determine the number of
factors. The results obtained are presented in Table 6.
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Table 6. Results about Parallel Analysis Method

Eigenvalue
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
Real data 4.989 2.603 1.529 0.998 0.980
Parallel data 1.276 1.158 1.073 1.055 1.021

The eigenvalues were obtained from Horn’s Parallel Analysis Method are presented in Table 6. In this
method, simulated data are generated parallel to the real data, which were analyzed with EFA, then
the eigenvalues of factors are compared by performing CFA on both data. The stage in which the
eigenvalue of the simulated data begins to be higher than the eigenvalue of real data is determined as
factor number (Cokluk & Kogak, 2016; Kogak, Cokluk & Kayri, 2016). In Table 6, the eigenvalue of
the real data is higher than the eigenvalue of the simulated data in the first three factors. As for the
fourth factor, the eigenvalue of the simulated data started to take higher value than the eigenvalue of
the real data. Accordingly, this method indicates that the number of factors is three.

After the number of factors was determined, factor loadings, cross-loading, serving the same purpose,
and item discrimination of 41 items were examined. Items with an item discrimination index above
.30 are proper discriminating items (Turgut & Baykul, 2010). Accordingly, items with item
discrimination of less than .30 were excluded from the test. Item with high and close factor loadings
in more than one factor is cross-loaded items. Therefore, items with a factor load high in more than
one factor were excluded from the test. Finally, the other items were removed from the test by holding
one of the items of the same purpose and parallel in the test. Following these procedures, a three-
factorial structure was obtained with 19 items. The theoretical compatibility of the items which are in
the factors has been the main criterion. When deciding to keep the items on the scale, it was decided
by considering the compatibility of the item with the relevant factor, both theoretically and statistically.

After the 3-factor structure of the scale was determined, the stage of the labeling of the factors was
started. When the factors were labeled, the studies in the literature were taken into consideration.
According to this, when a student’s friend scores higher than the student’s, is more successful than the
student or achieves success, the factor which includes the items which measure the student’s angry
with himself, the student’s self-blame, this situation causes him discomfort was labeled as “Self-
denigration”. This dimension corresponds to the self-criticism of Freud’s definition of jealousy in
Pines (1988), in which the individual blames himself. For example, an item which is “I get angry with
myself when | get a lower score than my friend in an exam” is included in this factor. Guerrero and
Afifi (1998) state that self-blame and emotional destruction are negative and destructive emotions that
may arise during the situation of jealousy. Similarly, Brehm (1992) states too that in the case of
jealousy, self-blame, and situation of emotional depression occur. These items point to situations in
which the individuals blame themself and create negative feelings towards themself rather than their
friend whom they consider to be a competitor. Theoretically, in cases of jealousy, it is possible for
individuals to seek the fault in themselves, to get angry, or to blame themselves (Brehm, 1992;
Demirtas, 2004; Guerrero & Afifi, 1998).

The items in the factor which is named as “Envy” use reflect anger towards the owner of the success
that the individual cannot have. Envy refers to individual want to have something that others have, and
compare an individual’s own quality and quantity with other’s, as a result of this, the feeling of
individuals reach the point of envy (Anderson, 2002; Demir, 2004; Kim & Hupka, 2002; Parrott &
Smith, 1993; Pines, 1998). This factor entirely coincides with Freud’s concept of envy in Pines (1988).
For example, items that “I am grudging my friends who score higher than me in exams” and “I want
to prevent my friends from studying” are included in this factor. The items in this factor reveal a sense
of envy. Another factor, called “Maturity”, is the reaction in which individuals want to have what
another person has but turns it into behavior in an insightful or level-headed way, without anger at
themselves or their friends. These reactions are named as mature behaviors. Some studies which
revealed the relationship between jealousy and age and indirectly maturity (as cited in Bringle &
Williams 1979; Bringle, Roach, Andler & Evenbeck, 1979; Demirtas, 2004; Mathes, Phillips, Skowran
& Dick, 1982; Sullivan, 1953) have revealed too that individuals show more mature attitudes in case
of possible jealousy as the age increases. Items that “T ask my successful classmates about their
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working techniques ask my successful classmates about their working techniques” and “When my
friend is more successful than me, I will be happy for her” are included in this factor and indicate
mature reactions.

Item and factor loading distributions of the 19-item three-factor structure, which was determined by
considering factor loadings, item discrimination, theoretical structure, are presented in Table 7.

Table 7. Results Related to Distribution of Items to Factors, And Factor Loadings
Factor Loadings
Self-
denigration

Items Envy Maturity

M19. If my friends are more successful than me, it will spoil our friendship. .852

M15. | am grudging my friends who score higher than me in exams. .819

M5. | want to prevent my friends from studying. .645

M18. It makes me angry that someone else achieves the success | cannot. .630

M17. | feel uncomfortable of people who perform better than me at lesson. .597

M10. | do not want my friends to get a master's degree. 577

M16. It makes me angry that someone else answers as true the question I am wrong. 495

ML1. | feel uncomfortable being deficient at lessons. 172

MO. I blame myself when I score lower than my friends. .708

M®6. It makes me sad that my average is lower than the average of my friends. .656

M7. It makes me ambitious that my friends score higher than me. .632

M3. I like to compete with my friends on lesson topics. .606

M4. When my friends study more than me, | feel irresponsible. .559

M13. | congratulate the people who scored higher than me in the exams. .808
M14. When my friends are more successful than me, | will be happy for them. 787
M12. | ask my friends who are more successful than me to study techniques. 711
M8. I want to be friends with people who are more successful than me. .576
M2. | motivate my friends about to be successful. .552
M11. | want help from my successful friends about the lessons. 464

Varimax method is the most appropriate rotation method when factor loadings of the items are high in
a single factor during the EFA stage and when especially some items have a very high factor loading
(Kaiser, 1958). The factor loadings are fixed by rotating with the Varimax method by considering this
situation. The correlations between the three factors which are presented in Table 7 were calculated as
428 between Envy and Self-denigration, -.376 between Envy and Maturity and -.133 between
Maturity and Self-denigration. Item — total test score correlation and Cronbach’s Alpha coefficients
are presented in Table 8.

Table 8. Results about Item - Total Test Score Correlations

Item - Total Test Score Correlation Cronbach’s Alpha
Items Envy Self-denigration  Maturity Coefficient
M19 537 .769
M15 372 772
M5 .392 773
M18 549 771
M17 535 772
M10 420 774
M16 461 774
M1 425 773
M9 430 774
M6 420 773
M7 .348 776
M3 391 775
M4 377 775
M13 529 771
M14 547 771
M12 .395 773
M8 .397 773
M2 .381 773
M11 .349 776
Total Cronbach’s Alpha Coefficient .840 .840 817 779
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When Table 8 is examined, it is seen that Cronbach’s Alpha internal consistency coefficient was
calculated as .779 for the whole scale, .840 for Envy factor, .840 for Self-denigration factor, and .817
for Maturity factor. The correlation coefficient between the data obtained by applying the scale to the
third study group with two-week interval was calculated as .89. This coefficient provides evidence for
the reliability of the scale in terms of stability. The item - total test score correlation coefficient
provides evidence for the discrimination of items (Baykul, 2000). When the item total test score
coefficients, which are presented in Table 8, are examined, it is seen that the item discrimination values
of items in scale vary between .348 and .549.

In order to confirm the 19-item 3-factor structure, 153 participants in the fourth study group, were also
applied the scales, and CFA was performed to the data obtained from this application.
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Figure 1. Path Diagram of the Academic Jealousy Scale

The path diagram in Figure 1 was obtained as a result of CFA. Fit indices related to the structure are
presented in Table 9.

Table 9. Goodness of Fit Values of the Structure

Fit indices Value Fit
x2 264.86 Good
x2/df 1.77 Good
RMSEA .07 Acceptable
SRMR .09 Acceptable
NFI .96 Good
NNFI .66 Acceptable
CFI .88 Bad
GFI .85 Bad
AGFI .85 Acceptable
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When Table 9 is examined, it is seen that the fit indices except the CFl and GFI indices are within the
acceptable or good fit ranges (Bentler & Bonett, 1980; Cokluk et al., 2012; Jéreskog & Sérbom, 1982;
Stevens, 2002). It is seen that the ratio of the chi-square value to the degree of freedom is 1.77, and
the RMSEA value is .072. The ratio of the chi-square to the degree of freedom is less than 2 indicates
a good fit, and an RMSEA of less than .08 indicates an acceptable fit (Tabachnick & Fidell, 2012).
Based on this, the Academic Jealousy Scale which was defined as a three-factor structure with 19
items was accepted as confirmation. It is validity because the majority of the fit indexes were between
good and acceptable values.

DISCUSSION and CONCLUSION

In this research, it was aimed to improve an Academic Scale. For this purpose, 478 university students
were reached, and the related structure was defined, reliability and validity indices were determined.

In the development of the scale, a three-factor structure with 19 items was obtained by considering the
theoretical structure. The scale explained approximately 48% of the total variance, and the
discrimination indices of items in the scale range from .48 to .549. Cronbach’s Alpha method was used
to determine the reliability of the scale in terms of internal consistency, and test-retest method was
used to determine the reliability of the scale in terms of stability. Cronbach Alpha internal consistency
coefficient was found to be .779 for the whole scale, .840 for Envy subfactor, .840 for Self-denigration
subfactor, and .817 for Maturity sub-factor. The correlation coefficient between the data, which were
obtained by applying the scale to the third study group with two-week intervals is .89. This coefficient
provides evidence for the reliability of the scale in terms of stability. Accordingly, it was concluded
that the scale is reliable in terms of stability and internal consistency.

As a result of the CFA to test the three-factor structure which was obtained from EFA, it was found
that RMSEA value is .072, ratio of chi-square to freedom degree is 1.77, SRMR value is .09, NFI
value is .96, NNFI value is .66, CFI value is .88, GFI value is .85, and AGFI value is .85. The majority
of the indices of model fit indicate that fit is good or acceptable, so it is concluded that the structure is
confirmed.

There are statements in the literature that the reactions to be shown differ depending on the level of
jealousy. Although these statements are theoretical explanations about jealousy in emotional relations,
it is thought that similar reactions will be exhibited in academic jealousy. In the literature, it is stated
that the reactions to jealousy are emotional, cognitive and physical (Aune & Comstock, 1991;
DeWeerth & Kalma, 1993; Guerrero, 1998; Mathes & Verstraete, 1993; Pines & Aronson, 1983;
Shettel-Neuber, Bryson, & Young, 1978). It is concluded that the individual’s positive or negative
cognitive, emotional, and physical responses constitute the concept of academic jealousy with the
factors and items in the scale defined in the Academic Jealousy Scale developed. For example, “I want
to prevent my friends from studying” in the scale corresponds to a cognitive and negative response,
while “When my friends are more successful than me, I will be happy for them” is an emotional and
positive response.

When the factors of Envy, Self-denigration, and Maturity that constitute academic jealousy are
examined, it can be stated that the responses to be given vary depending on the level of jealousy. The
envy factor reflects the individual’s negative behaviors. The items in this factor reflect the anger
towards the person who has achieved the success that the individual cannot. Envy refers to individual
want to have something that others have, and compare an individual’s own quality and quantity with
other’s, as a result of this, the feeling of individuals reach the point of envy (Anderson, 2002; Demir,
2004; Kim & Hupka, 2002; Parrott & Smith, 1993; Pines, 1998). For example, an individuals’ desire
to prevent their successful friends from studying, or getting angry at them reflects the envy subfactor.
This factor includes negative emotions as well as behaviors that will adversely affect other people.
This situation can be thought of as a physical reaction (Afifi & Reichert, 1996).

In the sub-factor of Self-denigration, it was concluded that individuals are uncomfortable when
someone is more successful than themselves, but as a result of this situation, they blame themselves.
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In the case of jealousy, individuals may get angry with themselves (Brehm, 1992; Demirtas, 2004;
Guerrero & Afifi, 1998). Guerrero and Afifi (1998) and Brehm (1992) state that self-blame is
destructive emotions that may arise in jealousy. This factor fully reflects the individual’s self-blame.
Pines (1988) names this as self-criticism, but when defining it, one also states that individuals blame
themselves. This dimension reveals that individuals blame themselves and not their friend whom they
considered to be their rival, looking for a mistake in themselves and get mad at themselves (Brehm,
1992; Demirtas, 2004; Guerrero & Afifi, 1998).

The Maturity factor presented that the reaction in which individuals want to have what another person
has but turns it into behavior in an insightful or level-headed way, without anger at themselves or their
friends. These reactions are called as mature behaviors. The studies which revealed the relationship
among jealousy, age and indirectly maturity (by Bringle et al., 1979; Bringle & Williams 1979;
Demirtas, 2004, Sullivan, 1953; Mathes et al., 1982) reveal that individuals’ behaviors in jealousy are
related to maturity. In this study, it was also seen that individuals in mature academic jealousy
exhibited a mature attitude, preferred to congratulate or sharing experiences, instead of calling guilty.

As a result, it was concluded that the Academic Jealousy Scale, which consists of three factors, Envy,
Self-denigration, and Maturity, has 7 items in the Envy factor, 6 items in the Self-denigration factor,
and 6 items in the Maturity factor, and the scale and the whole of the factors are reliable and the
structure which was defined was confirmed. The concept of jealousy in emotional relations has been
frequently investigated in the literature. The development of different scales to measure emotional
jealousy formed the basis for the studies on this subject. The most critical obstacle to the study of the
concept of academic jealousy is the lack of a scale to measure this feature. It was demonstrated that
the developed scale was a valid and reliable scale that could measure academic jealousy in this study.
By using the scale in different studies, other concepts related to academic jealousy can be searched,
and related theoretical developments can be recorded. This aspect of the study is thought to contribute
to the literature.
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