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ABSTRACT In this study, the purpose is to compare factor retention methods under simulation conditions. For this
purpose, simulations conditions with a number of factors (1, 2 [simple]), sample sizes (250, 1.000, and
3.000), number of items (20, 30), average factor loading (0.50, 0.70), and correlation matrix (Pearson
Product Moment [PPM] and Tetrachoric) were investigated. For each condition, 1.000 replications were
conducted. Under the scope of this research, performances of the Parallel Analysis, Minimum Average
Partial, DETECT, Optimal Coordinate, and Acceleration Factor methods were compared by means of
the percentage of correct estimates, and mean difference values. The results of this study indicated that
MAP analysis, as applied to both tetrachoric and PPM correlation matrices, demonstrated the best
performance. PA showed a good performance with the PPM correlation matrix, however, in smaller
samples, the performance of the tetrachoric correlation matrix decreased. The Acceleration Factor
method proposed one factor for all simulation conditions. For unidimensional constructs, the DETECT
method was affected by both the sample size and average factor loading.

Keywords: Exploratory factor analysis, Factor retention, Parallel analysis, Minimum average partial, DETECT

Faktor sayisim1 belirleme yontemlerinin karsilastirilmasi: Bir
simiilasyon ¢alismasi

0Z Bu arastirmada faktor saymn belirlenmesi amaciyla gelistirilen yontemlerin simiilasyon kosullar:
altinda karsilastirilmasi amaglanmistir. Bu amag igin faktor sayist (1, 2 [basit]), drneklem biiyiikligii
(250, 1000 ve 3000), madde sayist (20, 30), ortalama faktdr yiikii (0.50, 0.70) ve kullanilan korelasyon
matrisi (Pearson Momentler Carpimi [PPM] ve Tetrakorik) simiilasyon kosulu olarak aragtirilmistir. Her
bir kosul i¢in 1000 replikasyon yapilmis ve tiretilen 24000 veri seti icin PPM ve tetrakorik korelasyon
matrisi lizerinden analizler gerceklestirilmistir. Arastirma kapsaminda Paralel Analiz, Kismi
Korelasyonlarin En Kiiciigii, DETECT, Optimal Koordinat ve Ivmelenme Faktorii yontemlerinin
performanslari dogru kestirim ytizdesi ve ortalama fark degerleri tizerinden karsilagtirilmigtir. Arastirma
sonucunda hem tetrakorik hem de PPM korelasyon matrisiyle yiiriitiilen MAP analizi en iyi performansi
gostermistir. PA da PPM korelasyon matrisiyle iyi performans gostermis ancak kiiciik 6rneklemde
tetrakorik korelasyon matrisiyle performans: diismiistir. DETECT yontemi tek boyutlu yapilarda
orneklem biiyiikliigii ve ortalama faktor yiikiinden etkilenmistir.

Anahtar  A¢imlayici faktor analizi, Faktor sayisini belirleme, Paralel analiz, Kismi korelasyonlarin en kiigiigii,
Kelimeler: DETECT

Citation: g ,j,¢. A F. & Uysal, I., (2019). Comparison of factor retention methods on binary data: A simulation

study. Turkish Journal of Education, 8(3), 160-179. DOI: 10.19128/turje.518636
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INTRODUCTION

When a construct of data set needs to be analyzed, factor analysis is one of the most common
psychometric techniques (Osborne & Banjanovic, 2016). If researchers lack information regarding the
construct, explanatory factor analysis (EFA) or unconstrained factor analysis is applied. If researchers
have information regarding the construct, and if the compliance of the data sets with the construct in
question is to be analyzed, confirmatory factor analysis (CFA) or constrained factor analysis is applied
(Fabrigar & Wegener, 2012).

When EFA is applied, one of the obstacles is the determination of the number of dimensions. There are
various methods to decide on the number of dimensions. For example, there is a method called the
Kaiser K1, which accepts an eigenvalue number higher than 1 as the number of the dimension (Kaiser,
1960). In addition to this method, there is Parallel Analysis (PA), as proposed by Horn (1965), Minimum
Average Partial test (MAP), as proposed by Velicer (1976), and the Scree Test, as proposed by Cattell
(1966). The Scree Test has some limitations in terms of non-graphical solutions, and there are
alternatives. Such methods include multiple regression, a t-value index, and the standard error of scree
(SEscree) approach, as proposed by Zoski and Jurs (1993, 1996), the Scree Test Optimal Coordinate
(noc), and the Scree Test Acceleration Factor (n,r), as proposed by Raiche, Walls, Magis, Riopel, and
Blais (2013). In addition to these methods, there is the NOHARM (Fraser & McDonald, 1988) method,
which is based on latent trait theory and nonlinear harmonic approximations of the normal ogive error
distribution. Additionally, DIMTEST (Nandakumar & Stout, 1993; Stout, 1987) and DETECT (Zhang
& Stout, 1999) are non-parametric methods based on conditional covariances. Under the scope of this
research, information about PA, MAP, DETECT, Optimal Coordinate (n,.), and Acceleration Factor
(n4r) methods have been provided in detail.

Parallel Analysis (PA) determines the number of factors by generating a random variable for sample
size N, and a p variable (Horn, 1965). In PA, eigenvalues obtained from the data set are compared with
eigenvalues obtained from independent normal variables. Data sets, as well as the number of variables
produced in PA are the same size as the researched data set. The number of factors in PA is decided by
comparing the average eigenvalue obtained from the independent variables and eigenvalues obtained
from the data set. The number of factors was proposed if the eigenvalue obtained from the data set was
bigger than the mean of those obtained from the random uncorrelated data. (Ledesma & Valero-Mora,
2007). In PA, instead of this average eigenvalue, the median of an eigenvalue, or the 5th, 95th, or 99th
percentile of an eigenvalue can be used (Cota, Longman, Holden, Fekken, & Xinaris, 1993; Glorfeld,
1995; Raiche et al., 2013). As Cota et al. (1993) proposed the use of the 95th percentile, in this research
the 95th percentile was adopted.

The Minimum Average Partial (MAP) test was developed by Velicer (1976). The MAP test is based on
principle component analysis (PCA). In an MAP test, after the PCA, a partial correlation matrix is
formed. At first stage, the first fundamental components are separated from the correlation matrix
obtained from the variables in the data set. Squares of off diagonal elements in the correlation matrix
are calculated, and a partial correlation matrix is formed. At the second stage, two fundamental
components are separated from the correlation matrix obtained from the variables in the data set. Squares
of off diagonal elements in the correlation matrix are calculated, and, again, a partial correlation matrix
is formed. This process is applied until one minus number of variables is attained. Average squared
partial correlations obtained from these steps are ranged. The number of dimensions is defined as the
number of steps necessary to analyze the smallest average squared partial correlation (Ledesma &
Valero-Mora, 2007; O’connor, 2000; Velicer, 1976). Due to calculation, it is stated that, for each factor,
the factor loading of at least two variables should be high (Zwick & Velicer, 1986).
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The DETECT method is based on finding a positive conditional covariance between items that measure
the same dimension and a negative conditional covariance between items that measure different
dimensions (Zhang & Stout, 1999). This method can be applied with both a confirmatory and
exploratory mode. With the confirmatory mode, the DETECT index is calculated over user-defined
sections. With the exploratory mode, the DETECT method searches for partitions that will make the
DETECT index maximum. The index calculated as a result of this method provides information
regarding the multidimensionality of the test (Jang & Roussos, 2007; Kim, 1996). If the DETECT index
is higher than 1.00, it can be interpreted as exhibiting a strong multidimensionality; if it is between 0.40
- 1.00, it can be interpreted as exhibiting a moderate multidimensionality; if it is between 0.20 -0.40, it
can be interpreted as exhibiting a weak multidimensionality, and if it is smaller than 0.20, it can be
interpreted as exhibiting essential unidimensionality (Jang & Roussos, 2007; Zhang, 2007). In this
research, the criteria selected was thus: smaller than 0.20 for one dimensional constructs, and larger than
1 for two dimensional constructs. For one dimensional constructs, if the DETECT index value is smaller
than 0.20, it is accepted as one dimensional; for a DETECT index higher than 0.20, the construct was
evaluated as multi-dimensional. For two dimensional constructs, values larger than 1 were considered.
Thus, this research followed a more conservative approach.

In the Scree Plot method, Cattell (1966) combines a previous eigenvalue coordinate and the next
eigenvalue coordinate with a trace line to determine the location of the screen. Thus, a point with
immediate change is determined as an important number of a factor. In the Scree Test Optimal
Coordinate (n,) method, without any statistical test, the focal point is the elbow. For that, a two-point
regression model is used. In this method, dimension size is decided based on if estimated eigenvalues
from the regression model and observed eigenvalues are equal or higher. For a comparison of values
(between observed and estimated eigenvalues), the K1 rules is adopted and eigenvalues higher than 1
are compared. If desired, the average eigenvalues obtained from the PA result or eigenvalue at 0.05,
0.95 quantile can be used (Raiche et al., 2013). This method can be expressed as:

Noc = Z 1= 1) & @ = 1) 1)

Here, A; represents observed eigenvalue, and 1, represents estimated eigenvalue. 1, Additionally, is
named as the optimal coordinate (Raiche et al., 2013).

In the Scree Test Acceleration Factor (n,r) method, the acceleration factor represents the point on the
coordinate where the slope of the curve changes abruptly. The value presented in Eq.1 and represented
as 1, is calculated by taking a second derivative of the optimal coordinate. For more detailed
information, Raiche et al., (2013) can be read. This method is expressed as:

Nyp = Z I1(A; 21&i <k)withk = argmax; (af;) )
i

Here, argmax; (af;) represents the maximum point of the second derivative of an optimal coordinate
function (Raiche et al., 2013).

When the literature was reviewed, various studies regarding Parallel Analysis were identified (Buja &
Eyuboglu, 1992; Cho, Li, & Bandalos, 2009; Cota et al., 1993; Dinno, 2014; Glorfeld, 1995; Green,
Levy, Thompson, Lu, & Lo, 2012; Green, Redell, Thompson, & Levy, 2016; Green, Thompson, Levy,
& Lo, 2015; Kaya Kalkan & Kelecioglu, 2016; Raiche et al., 2013; Weng & Cheng, 2005; Xia, Green,
Xu, & Thompson, 2019; Yang & Xia, 2015; Zwick & Velicer, 1986). It was observed that these studies
mostly focused on parallel analysis processes rather than comparison of performance of factor retention
methods. In addition, most of these studies were conducted on continuous or ordinal data. There was
limited researches with binary data (Kaya Kalkan & Kelecioglu, 2016; Weng & Cheng, 2005). Current
study focused to binary data which mostly used to educational and social researches. It can be said that
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the current study will contribute to the literature in this respect. In addition, there were studies about
DIMTEST; however, in these studies, DIMTEST was often compared with NOHARM (Finch &
Habing, 2005, 2007). But current study compares five factor retention methods (MAP, PA, optimal
coordinate, DETECT and acceleration factor). Additionally, there were no studies comparing the
methods adopted in the current study. For example Garrido, Abad, and Ponsoda (2011) examine only
MAP procedure under different simulation conditions. But current study compares different factor
retention methods under simulation conditions which frequently encountered in educational research.
The current study differs from the others in the literature in terms of comparison of previously not
compared factor retention methods. In other words, current study is important in terms of comparing
methods not previously examined. Therefore, it is believed that the current research will contribute to
the literature and the EFA that is commonly used in empirical studies (Conway & Huffcutt, 2003;
Henson & Roberts, 2006) will be instructive to determine the number of factors.

METHODOLOGY

As predictions can be made by considering probabilities (Gilbert, 1999), this research was designed as
a Monte Carlo simulation study. Simulation studies provide advantages, as such studies enable a
comparison between real parameters and estimated parameters (Feinberg & Rubright, 2016). This is
because real parameters are unknown in empirical studies. Therefore, analyses are carried out on data
sets of known real parameters and the real and estimated parameters are compared.

Simulation Conditions

In this research, the simulations factors were identified as sample size, number of factors, test length,
average factor loading, and type of correlation matrix. A full crossed pattern was used in this study.
Since the focal point of this research was the tests that achieved a score of 1-0, binary data set were
generated.

For the sample size factor, three conditions such as 250, 1000, and 3000 were determined. For the sample
size conditions, a sample size of 250 was selected, as this size is both applicable and commonly used in
studies (Beauducel & Herzberg, 2006; Hu, Bentler, & Kano, 1992). When 1000 people are selected as
the sample size, the aim is to satisfy the sample size proposed in different studies for factor analysis
(Comrey & Lee, 1992; Floyd & Widaman, 1995; Gorsuch, 1974; Guadagnoli & Velicer, 1988; Streiner,
1994). Generally, since estimated parameters rarely change after a sample size of 3000 (DeMars, 2010),
this sample size was added to the research. Additionally, the effect of a sample size of more than 1000
people was analyzed to determine the number of factors acting on sample factor retention methods.

For number of factors, two conditions were included in this research. Here, the fact that achievement
tests generally consisted of one dimension was considered (Bennett et al., 1990; Bennett, Rock, & Wang,
1991; Lissitz, Hou, & Slater, 2012; van den Bergh, 1990), and one-dimensional constructs were included
in the research. However, it is impossible to analyze the performance of factor retention methods through
the use of two-dimensional constructs. In addition, since it is possible that a method that operates with
full accuracy in a unidimensional construct may fail to show the expected performance in a two
dimensional one, two dimensional constructs were also included in this research. Yet, the relationship
between these two dimensions was set around 0. Thus, the number of factor conditions was investigated
as one and two (simple).

For the test length factor, 20 and 30 item conditions were determined, respectively. Turkish,
mathematics and science tests consist of 20 items are used in the central examinations conducted by the
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Ministry of Education in Turkey (MEB, 2019). Since it is rare for an achievement test with more than
30 items in the focal point, the research was limited to a 20 and 30 items condition.

The average factor loading was determined as 0.50 and 0.70. An average factor loading value below
0.50 is relatively rare for binary tests. This is because the lowest factor loading is proposed as 0.33
(Tabachnik & Fidell, 2012). When the factor loadings of other items were considered, a factor loading
of 0.50 was added to the simulation conditions as the lower limit. Through an average factor loading of
0.70, the effect of a high relation between items and the factor on the factor retention method was
evaluated. Attaining the same loading for all items was disregarded as a goal in this research. This is
because the same factor loading for all items is rare. Therefore, the factor loadings of all items could
differentiate, with only the average factor loading being kept within the desired conditions (e.g. for a
20-item test, the total factor loading was found, and an average factor loading was subsequently
calculated by dividing by 20).

In this research, analyses were conducted for methods using correlation matrices (MAP and PA),
including both the Pearson Product Moment (PPM) correlation matrix and the tetrachoric correlation
matrix. Thus, the means by which such methods produce results according to correlation matrices was
examined. Via this approach, the over factoring or under factoring effects of correlation matrices on
methods were analyzed. In Table 1, the simulation factors and conditions are presented.

Table 1.
Simulation factor and conditions
Constant factors Changing Factors
Data Type Number of Sar_nple Test Average _Factor Correla_tion
factors Size Length Loading Matrix
1 250 20 0.50 PPM
1-0 2 (simple) éggg 30 0.70 Tetrachoric

As seen from Table 1, a fully crossed pattern was used in this research. Accordingly, a total of
2x3x2x2=24 conditions were evaluated: namely, the number of factors (2 conditions), sample size (3
conditions), test length (2 conditions), and average factor loading (2 conditions). For this purpose, a
24.000 data set was generated with 1.000 replications. Harwell, Stone, Hsu, and Kirisci (1996) proposed
at least 25 replications. Robey and Barcikowski (1992) propose a formula for calculating the number of
replications. The number of replications was determined to be 575 from the table created in accordance
with this formula for research conditions. In order to increase the power of the research, 1.000 replicates
were produced for this research. Both PPM and tetrachoric correlation matrix analysis on methods using
correlation matrices were conducted for the same data set. However, no additional data set was produced
for these conditions.

Data Generation and Analysis

Binary (1-0) data was produced with Psych (Revelle, 2016) package in R program (R Core Team, 2018).
For each simulation condition, 1.000 replications were applied. For this purpose, the first 1.000 seed
values were randomly generated, and, for these seed values, data was generated for the simulation
conditions.

The analyses of the generated data were analyzed using different R packages. For parallel analysis and
MAP analysis, Psych (Revelle, 2016) package was used; for the DETECT method, sirt (Robitzsch,
2017) package was used; for the Acceleration Factor (n,r) and Optimal Coordinate (n,.) methods,
nFactors (Raiche, 2010) package was used.

For Parallel Analysis (PA), principal factor solution was used as factoring method. The number of
randomly generated correlation matrices in PA was determined as 50. Since the cut-off score in the
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DETECT method was suggested as 0.20 (Jang & Roussos, 2007; Zhang, 2007), in this research,
DETECT values higher than 0.20 for one dimensional data sets, and DETECT value higher than 1 for
two dimensions were accepted as multi-dimensional. Thus, the test evaluation followed a more
conservative approach. To evaluate performance of methods, both a real and proposed number of
dimension were compared and the percentage of correct estimates (PCE) were obtained. For this
purpose:

P = {1 if Suggested Number of Dimensions = Actual Number of Dimensions )
" 0 if Suggested Number of Dimensions # Actual Number of Dimensions

function was used. In this function, r represented replication. Accordingly, the calculated percentage of
correct estimates (PCE) can be given with;

1000
Percentage of Correct Estimates = {330 ~.100 4)

equation. This way, the percentage replication of each method’s production of correct results was
determined.

Additionally, the mean difference (MD) between the real and estimated number of factors was
calculated. For this purpose:

1000, .
Zr=1 (M —m) (5)

Mean Dif ference = 1000

equation was used. Here, 7 proposed number of dimensions reflected the m real number of dimension.
Since the number of replications was 1.000, the average was calculated, thus determining whether the
methods overestimated or underestimated the number of factors compared to PCE values.
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FINDINGS

In this section, the findings obtained from simulation conditions are presented.

Comparison of Simulation Conditions for One Factor Constructs

Number of Factor =1
Mean of Factor Loadings=0.5

0 100,00
3
g 90,00
£
i 80,00
o}
= 70,00
Q
o
‘s 60,00
Q
g 50,00
5
=4 40,00
&
30,00
20,00
10,00
0,00 Optimal Accelaration
MAP (T) MAP (PPM) PA (T) PA (PPM) Coordinate DETECT Factor
—— 250.20.1.05 100,00 100,00 53,20 99,50 19,00 73,00 100,00
—f@— 250.30.1.05 99,80 100,00 25,50 99,60 19,00 91,60 100,00
%—1000.20.1.05 100,00 100,00 100,00 100,00 24,80 82,50 100,00
—&— 1000.30.1.05 100,00 100,00 99,30 100,00 24,80 92,50 100,00
—— 3000.20.1.05 100,00 100,00 100,00 100,00 99,80 83,10 100,00
#— 3000.30.1.05 100,00 100,00 100,00 100,00 99,80 91,00 100,00

Note: Coding System: First digit until the dot represented sample size, second digit represented number of item in the test, third digit represented number of factor,
and fourth digit represented factor loading. (T): Tetrachoric correlation matrix, (PPM): Pearson Product Moment Correlation Matrix

Figure 1. Comparison of PCE values for simulation conditions when factor loading is 0.5 for one factor
constructs

When Figure 1 was analyzed, the PCE values obtained through the factor retention method were
observed. For an average factor loading of 0.5, when the results obtained for the sample size and the
number of items method were considered, under MAP analysis with tetrachoric correlation matrix
conditions (except for the sample size of 250, the number of items was 30 (99.8%)), all the conditions
had 100% success rate. When MAP analysis was conducted with the PPM correlation matrix, the success
rate was observed as 100%. However, when PA was conducted with the tetrachoric correlation matrix,
it was impacted by the sample size. In case of the sample size of 250, PA had a significantly low
percentage, while PCE had a rate of almost 100% for the sample sizes of 1000 and 3000. When PA was
conducted with a PPM correlation matrix, a PCE value of almost 100% was attained for all sample sizes
and numbers of items. When the Optimal Coordinate (n,c) method was investigated, for the sample
sizes of 250 and 1.000, it attained significantly low percentages; while, for the sample size of 3.000, the
PCE value was almost 100%. In the DETECT method, as the number of items increased, it can be stated
that PCE value also increased. For conditions with 30 items, the DETECT method had a PCE value of
approximately 90%; whereas for conditions with 20 items, the PCE value was between 73-83.10%.
Sample size had an effect when the number of items was higher than 20. As the sample size increased,
the PCE value increased. It was observed that the Acceleration Factor (n,r) method had a PCE value of
100% for all one factor constructs. Under simulation conditions with an average factor loading of 0.5
for one factor constructs, the MD value comparison is presented in Figure 2.
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Number of Factor=1
Mean of Factor Loadings=0.5
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%— 1000.20.1.05 0,00 0,00 0,00 0,00 1,19 0,18 0,00
—&— 1000.30.1.05 0,00 0,00 0,01 0,00 1,19 0,08 0,00
—— 3000.20.1.05 0,00 0,00 0,00 0,00 0,00 0,17 0,00
4 3000.30.1.05 0,00 0,00 0,00 0,00 0,00 0,09 0,00

Note: Coding System: First digit until the dot represented sample size, second digit represented number of item in the test, third digit represented number of factor,
and fourth digit represented factor loading. (T): Tetrachoric correlation matrix, (PPM): Pearson Product Moment Correlation Matrix

Figure 2. Comparison of MD values for simulation conditions when factor loading is 0.5 for one factor
constructs

In Figure 2, when methods with PCE values other than 100% were analyzed, the bias value for MAP
analysis was 0. When PCE values were investigated (the tetrachoric correlation matrix of PCE value of
the MAP analysis), it was 99.8% for 250.30.1.05 condition. Accordingly, in 2 of 1.000 replications, it
can be stated that the number of factors obtained was other than 1. In MD value, this situation caused
differentiation in the third digit after the comma. When a tetrachoric correlation matrix was conducted
on the PA 250 sample size, positive MD values were observed. Accordingly, when a tetrachoric
correlation matrix was used, it can be said that the PA had the tendency to produce more factors.
However, results of PA conducted with PPM indicated that the MD values were close to 0. When the
MD values for Optimal Coordinate (n,.) method was investigated, it can be stated that the bias
decreased as the sample size increased; yet, the biased results were positive, which meant that the
number of factors was overestimated. Additionally, the Optimal Coordinate (n,.) method produced an
unbiased estimation for sample size of 3.000. When the MD values for the DETECT method were
investigated, it can be stated that the number of items was more effective on MD values. As in all
methods, in the DETECT method, the number of factors was overestimated. In the Acceleration Factor
(n4r) method, since a PCE value of 100% was obtained for all single factor constructs, the MD value
was zero.

In Figure 3, when the average factor loading was 0.7, PCE values were compared for one factor construct
simulation conditions.
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Number of Factor=1
Mean of Factor Loadings=0.7
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Note: Coding System: First digit until the dot represented sample size, second digit represented number of item in the test, third digit represented number of factor,
and fourth digit represented factor loading. (T): Tetrachoric correlation matrix, (PPM): Pearson Product Moment Correlation Matrix

Figure 3. Comparison of PCE values for simulation conditions when factor loading is 0.7 for one factor
constructs

When Figure 3 was investigated, compared to an average factor loading of 0.5, in methods with the
condition of an average factor loading of 0.7, it was observed that PCE values increased. While all
conditions except one (250.20.1.07) had PCE values of 100%, when MAP analysis was conducted with
a tetrachoric correlation matrix and a PPM correlation matrix, a PCE value of 100% was obtained for
all conditions. For this condition cluster, the PCE value was observed as 100% for PA results conducted
with both a tetrachoric and PPM correlation matrix. When conditions of an average factor loading of
0.5 and 0.7 were analyzed together (Figure 1 and Figure 3), it can be stated that Optimal Coordinate
(noc) exhibits no differentiation for average factor loading. Under an average factor loading of 0.5 and
the condition of a sample size of 3000, the PCE value was around 100%; whereas, with sample sizes of
250 and 1000, respectively, the PCE value was significantly low. In the DETECT method, when the
average factor loadings increased, the PCE also increased. However, upon comparing Figure 1 and
Figure 3, it can be stated that, as the number of items increased, the DETECT has become more effective
at producing correct results. The PCE value was 94% when the DETECT method was most successful.
In the Acceleration Factor (nsr) method, the PCE value was observed as 100%. Under simulation
conditions with average factor loading of 0.7 for one factor constructs, the MD value comparison is
presented in Figure 4.
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Number of Factor=1
Mean of Factor Loadings=0.7
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—i— 250.30.1.07 0,00 0,00 0,00 0,00 1,94 0,04 0,00
<%—1000.20.1.07 0,00 0,00 0,00 0,00 1,19 0,11 0,00
—&—1000.30.1.07 0,00 0,00 0,00 0,00 1,19 0,03 0,00
—— 3000.20.1.07 0,00 0,00 0,00 0,00 0,00 0,11 0,00
#4— 3000.30.1.07 0,00 0,00 0,00 0,00 0,00 0,05 0,00

Note: Coding System: First digit until the dot represented sample size, second digit represented number of item in the test, third digit represented number of factor,
and fourth digit represented factor loading. (T): Tetrachoric correlation matrix, (PPM): Pearson Product Moment Correlation Matrix

Figure 4. Comparison of MD values for simulation conditions when factor loading is 0.7 for one factor
constructs

In Figure 4, when methods exhibiting PCE values other than 100% were analyzed, and since the MAP
analysis only estimated the number of factors different to 1 in 1 of 1.000 replications, the PCE value
was obtained as 99.90%. Therefore, the MD value differentiated in the third digit after the comma. Thus,
it can be stated that the Optimal Coordinate (n,.) method, as with the DETECT method, has a tendency
to overestimate the number of factors. However, in the Optimal Coordinate (n,.) method, while MD
values decreased as the sample size increased, in the DETECT method, an increased number of item
caused a rapid decrease in MD values. Additionally, the Optimal Coordinate (n,.) method produced
unbiased results for the sample size of 3.000.
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Comparison of Simulation Conditions for Two Factors Constructs

Under simulation conditions with average factor loading of 0.5 for two factors constructs, the PCE value
comparison is presented in Figure 5.
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#— 3000.30.2.05 100,00 100,00 100,00 100,00 0,20 100,00 0,00

Note: Coding System: First digit until the dot represented sample size, second digit represented number of item in the test, third digit represented number of factor,
and fourth digit represented factor loading. (T): Tetrachoric correlation matrix, (PPM): Pearson Product Moment Correlation Matrix

Figure 5. Comparison of PCE values for simulation conditions when factor loading is 0.5 for two factors
constructs

When Figure 5 was analyzed, simulation conditions with an average factor loading of 0.5 were compared
in two factors constructs. When MAP analysis was conducted with a tetrachoric correlation matrix, the
PCE value was around 100%. There was 99.0% PCE value in only one condition (250.30.2.05). When
MAP analysis was conducted for the PPM correlation matrix, it was observed that the PCE value was
100%, excepting one condition (250.20.2.05). Accordingly, in the MAP analysis with the sample size
of 250, it can be stated that the correct estimation was made with an error margin of 1%. When PA was
conducted with a tetrachoric correlation matrix, for the sample sizes of 30 and 250 items, it had a PCE
value of 9%. As the size of the sample increased, the PA conducted on a tetrachoric correlation matrix
had a tendency to produced more accurate estimations. PA conducted for the PPM correlation matrix
indicated a PCE value of around 100% for the 250 sample size, and 100% for the 1.000 and 3.000 sample
sizes. For the simulation condition with a sample size of 250 and 20-item, PA results conducted with
PPM showed a 96.4% PCE value. For the same sample size, as the number of items increased, the PCE
value of the PA increased as well. In the Optimal Coordinate (n,.) method, it can be stated that there
was no differentiation for both average factor loading and number of items. This is valid for both one
factor (Figure 1 and Figure 3) and two factors (Figure 5 and Figure 7) constructs. contrary to one
dimensional constructs, while PCE value of 0% was exhibited in the 3.000 sample size, PCE values of
25% and 35% were obtained for the 250 and 1.000 sample size, respectively. It can be stated that the
DETECT method has higher PCE values for two dimensional constructs. When the sample size was
1.000 or more, the DETECT method had a PCE value of 100% for all conditions with 2 dimensions and
an average factor loading of 0.5. In the Acceleration Factor (n,z) method, the PCE value was 0% for all
conditions. When the dimension number suggested by this method was analyzed, it was observed that
there was a one-dimension construct for all conditions. Under simulation conditions with an average
factor loading of 0.5 for two factors constructs, the MD value comparison is presented in Figure 6.
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Note: Coding System: First digit until the dot represented sample size, second digit represented number of item in the test, third digit represented number of factor,
and fourth digit represented factor loading. (T): Tetrachoric correlation matrix, (PPM): Pearson Product Moment Correlation Matrix

Figure 6. Comparison of MD values for simulation conditions when factor loading is 0.5 for two factors
constructs

When the MD values presented in Figure 6 were analyzed, in MAP analysis conducted with PPM, the
number of factors was underestimated for only one condition (250.20.2.05). For the sample size of 250,
the results for PA conducted with a tetrachoric correlation matrix indicated that in a 30-item condition
the PA had significantly high MD value. This is because PA estimated 2.15 times more factors than real
number of factor. However, there was no such case when the analysis was conducted with PPM. In the
Optimal Coordinate (n,.) method with a sample size of 250 and 1.000, the number of factors was
overestimated; however, for the 3.000 sample size, the number of factors was underestimated. While the
DETECT method had negative MD values for the sample size of 250, it produced unbiased results for
the other samples. The acceleration Factor (n,z) method only proposed one factor for all conditions.
Therefore, the MD value was -1. The PCE value analysis under two-dimensional construct simulation
conditions with average factor loading of 0.7 is given in Figure 7.
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Figure 7. Comparison of PCE values for simulation conditions when factor loading is 0.7 for two factors
constructs

Figure 7 presented the PCE values obtained for conditions with two factors and an average factor loading
of 0.7. When PA and MAP analysis were conducted with a tetrachoric correlation matrix, all conditions
except for one (250.30.2.07) had a PCE value of 100%. When PA and MAP analysis were conducted
with a PPM correlation matrix, all conditions had a PCE value of 100%. When both Figure 1 and 3 and
Figure 5 and 7 were analyzed, it can be expressed that the Optimal Coordinate (ny) exhibited no
differentiation for both average factor loading and number of items. The same results were observed for
conditions with average factor loading of 0.5. contrary to one dimensional constructs, while two
dimensional constructs had 0% PCE value for the 3.000 sample size, they had 25% and 35% PCE values
for the 250 and 1000 sample sizes, respectively. In the Optimal Coordinate (ny.) method, it can be
stated that only sample size influenced two factor constructs. In the DETECT method, when average
factor loadings increased, the PCE value also increased. The DETECT method had 100% PCE for this
condition set. In the Acceleration Factor (n,r) method, the PCE value was 0. Accordingly, it can be
stated that dimensionality for any data set was accurately estimated. MD value analysis under two-
dimensional construct simulation conditions with an average factor loading of 0.7 is given in Figure 8.
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Figure 8. Comparison of MD values for simulation conditions when factor loading is 0.7 for two factors
constructs

When the MD values presented in Figure 8 were analyzed, for the Optimal Coordinate (n,.) method
samples of 250 and 1.000, there was a positive MD value; whereas, for the 3.000 sample size, there was
a negative MD value. The acceleration Factor (n,r) method estimated all data set as one factor.
Therefore, all MD values obtained as -1. MD values of both PA and MAP conducted with tetrachoric
and PPM correlation matrices were 0. Accordingly, it can be stated that PA and MAP create an unbiased
estimation for this correlation matrix.

DISCUSSION and CONCLUSION

When factor retention methods were compared, the results of this research indicated that, when MAP
analysis was conducted on both tetrachoric and PPM correlation matrices, PCE values of 99% or more
were observed for all conditions. Accordingly, it can be stated that MAP analysis may be used to
determine dimensionality. Garrido, Abad, and Ponsoda (2011) stated that, for MAP analysis results
conducted with (2, 3, 4, 5, 6, 7) variables with different category numbers for polychoric and PPM
correlation matrices, a polychoric correlation matrix was more appropriate. Additionally, as factor
loading increased, PCE values increased in MAP analysis. In our research, MAP analysis was the best
method for all conditions. In Garrido, Abad, and Ponsoda (2011), this could be caused by the fact that
the factor loading of each variable was accepted as equal. In our research, the average factor loading
was kept constant; however, the factor loading of each item was differentiated. Zwick and Velicer (1986)
compared PA, MAP, Cattell's scree test, Bartlett's chi-square test, and the K1 rule methods and reported
that the PA and MAP method presented the best results. In our current research, the results are consistent
with the literature.
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When PA was conducted with a tetrachoric correlation matrix, it was affected by average factor loading
and sample size. In small samples with an average factor loading of 0.5, the performance of PA
decreased. Yet, as the sample increased, the performance of PA increased as well. These results are
similar to those of Yang and Xia (2015) and Cho et al. (2009). While sample size had a significant
effect on PA conducted with a tetrachoric correlation matrix, the same effect is invisible with a PPM
correlation matrix. Guilford (1952) stated that, to calculate a tetrachoric correlation matrix, data should
have a large sample size (at least 400) for binary data. The low performance of PA with the sample size
of 250 may be linked with this.

Optimal Coordinate (n,.) showed a good performance for one dimensional data with a sample size of
3.000; however, the PCE value was below 50% for other conditions. This result is in line with Raiche
et al. (2013). Raiche et al. (2013) worked with 36 and 72 variables, using 2 and 5 folds of variables for
sample size (72, 180, 144, 360) and 0.5 and 0.8 average factor loadings. Results for the Optimal
Coordinate (ny¢) method’s PCE value varied between 20% (72 variables, 144 sample size, 0.5 factor
loading) and 82% (72 variables, 360 sample size, 0.8 factor loading).

The acceleration Factor (n,z) method estimated one dimension for all conditions under the scope of this
research. In this case, it can be expressed that the Acceleration Factor (n4r) method presented no
differentiation for factors under all conditions. Raiche et al. (2013) determined that the Acceleration
Factor (n,r) method’s PCE value varied between 17% and 50%. However, in this study, factor loadings
were distributed over 3 components as 0.8 and 0.2. In our study, average factor loading was considered.

While the DETECT method had around 100% PCE value for the majority of two factor constructs, it
was affected by both sample size and average factor loading for one factor constructs. Additionally, as
the number of item increased, the DETECT method’s performance increased as well. Similarly, as
average factor loading increased, DETECT estimated more accurate results. van Abswoude, van der
Ark, and Sijtsma (2004) stated that the DETECT method is affected by a sample’s size and is more
efficient for larger samples (n=2.000). Additionally, DETECT determined multi-dimensionality
accurately in the case of low correlation between factors. This is in line with other studies in the literature
(Zhang, Yu, & Nandakumar, 2003).

Based on the conditions of this research, the following recommendations can be made; 1) both a
tetrachoric and PPM correlation matrix of MAP can be used, 2) the PA method produced more accurate
results with a PPM correlation matrix , but in the case of a tetrachoric correlation matrix, samples size
should be considered, 3) instead of Optimal Coordinate (ny.) and Acceleration Factor (n,r) methods,
PA or MAP methods can be preferred, and 4) average factor loading and samples size should be
considered before using the DETECT method. Additionally, for this method, both the number of items
and dimension number has an effect. It can be stated that this method may be used after collectively
evaluating all conditions. Additionally, the combined use and evaluation of PA and MAP can be
recommended. Since only simple construct data was used in this research, in future studies factor size
could be increased and simulations that manipulate the correlation between factors could be applied.
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TURKCE GENISLETILMIiS OZET

Veri setinin yapisi arastirtlmak istenildiginde faktor analizi en sik kullanilan psikometrik tekniklerden
biridir. Arastirmacilarin yapiyla ilgili bilgileri yoksa bu durumda agimlayici faktdr analizi ya da
sinirlandirilmamis faktdr analizi yapilir. Eger yap1 hakkinda arastirmacilarin fikri varsa ve verilerin bu
yapiya uyum gosterip gostermedigi arastirilacaksa bu durumda da dogrulayici faktor analizi diger bir
degisle sinirlandirilmis faktor analizi yapilmaktadir.

AFA igin siklikla karsilagilan giigliikklerden biri de boyut sayisina karar vermektir. Boyut sayisina karar
vermek igin gelistirilen birgok yontem bulunmaktadir. Bu yéntemlere; Ornegin 1°den biiyiik 6zdeger
say1sint boyut sayisi kabul eden ve Kaieser’in K1 kurali (Kaiser, 1960), Horn (1965) tarafindan 6nerilen
Paralel Analiz (PA), Velicer (1976) tarafindan 6nerilen Kismi Korelasyonlarin En Kiigtigii (MAP) testi,
Cattell (1966) tarafindan oOnerilen Yamag¢ Grafigi yontemleri de bulunmaktadir. Yamag grafigine
alternatif olarak Zoski ve Jurs (1993, 1996) tarafindan onerilen ¢ok regresyon t-degeri ve yamacin
standart hatasi (SEscree) yaklasimlari, Raiche, Walls, Magis, Riopel ve Blais (2013) tarafindan 6nerilen
amag grafigi optimal koordinatlar ve yamag grafigi ivmelenme faktorii gibi yontemler bulunmaktadir.
Bu yontemlerin yaninda kosullu kovaryanslara dayanan ve nonparametrik bir yontemler olan DIMTEST
(Nandakumar & Stout, 1993; Stout, 1987) ve DETECT (Zhang & Stout, 1999) yontemleri vardir.
Mevcut arastirmada Paralel Analiz, Kismi Korelasyonlarin En Kii¢iigi, DETECT, Optimal Koordinat
ve Ivmelenme Faktorii yontemleri karsilastirilmustir.

Ihtimalleri dikkate alinarak &nerilerde bulunulabilmesi nedeniyle (Gilbert, 1999) bu arastirma, Monte
Carlo simiilasyon calismasi olarak tasarlanmistir. Simiilasyon calismalar1 gercek parametreler ile

kestirilen parametrelerin kargilagtirtlmasini saglamasi nedeniyle avantaj saglamaktadir (Feinberg &
Rubright, 2016).

Arastirmada simiilasyon faktorleri, 6rneklem biiyiikliigii (250, 1000 ve 3000), faktor sayist (tek ve iki
[basit yapida] boyutlu) test uzunlugu (20 ve 30 madde), ortalama faktdr yiikii (0.50 ve 0.70) ve kullanilan
korelasyon matrisi (Pearson Momentler Carpimi [PPM] ve tetrakorik) olarak belirlenmistir. Aragtirmada
tamamen caprazlanmis desen kullanilmigtir. Buna gore 2x3x2x2=24 kosul {izerinde ¢aligmis ve 1.000
replikasyon yapilmistir. Aragtirmada ikili (1-0) yapidaki veri kullanilmistir.

Verinin tiretimi i¢in R yazilimindaki Psych paketi kullanilmistir. Paralel analiz ve MAP analizi igin
Psych (Revelle, 2016) paketi, DETECT yontemi igin sirt (Robitzsch, 2017), ivmelenme faktorii ve
optimal koordinat yontemi igin de nFactors (Raiche, 2010) paketleri kullanilmustir.

PA igin faktorlestirme yontemi olarak temel faktor ¢oziimlemesi kullanilmigtir. PA’da rassal olarak
olusturulan korelasyon matrisi sayist ise 50 olarak belirlenmistir. DETECT yo6nteminde kesme puani
olarak 0.20 onerildiginden (Jang & Roussos, 2007; Zhang, 2007) arastirmada tek boyutlu veri seti igin
0.20 tizerinde DETECT degeri elde edilen analizlerde ¢ok boyutlu, iki boyutlu veri seti i¢in ise DETECT
degeri 1’den biiyiikk olan sonuglar ¢ok boyutlu olarak kabul edilmigtir. Bdylece testin
degerlendirilmesinde daha tutucu bir yaklasim izlenmistir. YoOntemlerin performanslarinin
degerlendirilmesi icin gercek boyut sayisi ile onerilen boyut sayilar1 karsilagtirilarak dogru kestirim
ylizdesi elde edilmistir. Bunun i¢in,

p = {1, Onerilen Boyut Sayist = Gergek Boyut Sayist
"o, Onerilen Boyut Sayisi # Gergek Boyut Sayist

@)

fonksiyonu kullanilmistir. Bu fonksiyondaki r, replikasyonu ifade etmektedir. Buna gdre hesaplanan
dogru kestirim yiizdesi ise;

178

Turkish Journal of Education\TUR ©2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

KILIC, UYSAL; Faktor sayisint belirleme yontemlerinin karsilastirilmasi: Bir simiilasyon ¢alismast

1000

Dogru Kestirim Yiizdesi = % 100 4)

esitligiyle ifade edilebilir. Ayrica gercek ve kestirilen faktdor sayilari arasindaki Ortalama Fark
hesaplanmistir. Bunun igin;

1000

Z r=1 (m—m) (5)
Ortalama Fark = — 1000
esitligi kullanilmistir. Burada m Onerilen boyut sayisint m gergekteki boyut sayisini gostermektedir.
Replikasyon sayis1 1000 oldugu i¢in ortalamasi alinmistir. Boylece dogru kestirim yiizdesi degerinin
yaninda yontemlerin faktér sayisini oldugundan daha az ya da daha fazla kestirip kestirmedigi
aragtirilmistir.

Aaragtirma sonucunda MAP analizi, hem tetrakorik hem de PPM korelasyon matrisiyle yiiriitiildiiglinde
aragtirma kapsamindaki tim kosullar icin %99 ve tizerinde dogru kestirim ylizdesine sahip oldugu
gozlenmistir. Ayrica faktor yiikii arttikca MAP analizinin dogru kestirim yiizdesi yiikselmistir. Buna
gore MAP analizinin boyutluluk belirlemede kullanilabilecegi sdylenebilir.

PA, tetrakorik korelasyon matrisiyle yiiriitiildiiglinde ortalama faktor yiikiinden ve Orneklem
biyiikliigiinden etkilenmektedir. Kiigiik 6rneklemde ve ortalama faktor yiikii 0.5 oldugunda PA’nin
performansi diismektedir. Ancak 6rneklem biiylidiikge PA’nin performansi da artmaktadir. Tetrakorik
korelasyon matrisiyle yiiriitiilen PA iizerinde 6rneklem biiyiikliigli oldukga etkili iken PPM korelasyon
matrisi tizerinde ayni1 etki mevcut degildir.

Optimal Koordinat yontemi tek boyutlu veride 6rneklem biiyiikliigiiniin 3000 oldugu durumda iyi
performans gostermis ancak diger durumlarda dogru kestirim yiizdesi %50°nin altinda kalmustir.
fvmelenme faktorii yontemi arastirma kapsanmindaki tiim kosullarda tek boyut dnermistir. Buna gére bu
yonteminin arastirma kapsamindaki kosullar i¢in, faktorleri ayristiramadigi sdylenebilir.

DETECT yontemi iki faktorlii yapilarin bityiik kisminda %100°e yakin PCE degerine sahipken tek
faktorlii yapilarda 6rneklem biiyiikligi ve ortalama faktor yikiinden etkilendigi gézlenmistir. Ayrica
madde sayisimin artmasi da DETECT ’in performansinda artisa neden olmaktadir. Ortalama faktor yiiki
arttikca benzer sekilde DETECT daha dogru sonuglar vermektedir.

Arastirmada yer alan kosullara dayali olarak; 1) MAP analizini hem tetrakorik hem de PPM korelasyon
matrisiyle kullanilabilecegi, 2) PA yonteminin PPM korelasyon matrisiyle daha dogru sonuglar verdigi
ancak tetrakorik korelasyon matrisiyle yiiriitiildigii durumda O6rneklem biiylikligiiniin géz Oniine
almmasi gerektigi, 3) Optimal koordinat ve ivmelenme faktorii yontemlerinin yerine PA ya da MAP
yontemlerinin tercih edilmesi, 4) DETECT yonteminin ortalama faktor yiikii ve 6rneklem biiytikligi
g6z 6niinde bulundurularak kullanilmasi 6nerilmektedir.
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ABSTRACT  No matter how strong the theoretical infrastructure of a study is, if the measurement instruments do not
have the necessary psychometric qualities, there will be a question of trust in interpreting the findings,
and it will be inevitable to make wrong decisions with the results. One of the important steps in scale
development/adaptation studies is to provide evidence of the experimental validity. In order to reveal
evidence of construct validity of Likert type scales, to identify factor structures, to confirm previously
predicted structures, factor analysis is used. The primary issue to be examined is the level of
measurement of the variable and one of the leading decisions that must be taken is which relation matrix
will be used. This descriptive research is based on the effects of using Pearson or polychoric correlation
matrix in the factor analysis. It is determined that items showed different "item-total correlations",
"loading values" and “correlation coefficients”, different factor numbers emerged, different items were
removed out of the scale, confirmation status of the structure has changed.

Factor analysis, Polychoric correlation matrix, Pearson correlation matrix, Likert type scales,

Keywords: Construct validity

Likert tipi 0l¢eklerin yap1 gecerliginin belirlenmesi siirecinde
polikorik ve Pearson korelasyon matrisinin kullanimi

0Z Bir bilimsel ¢alismanin teorik altyapist ne kadar saglam olursa olsun kullamlan 6lgme araglari gerekli
psikometrik nitelikleri tasimiyorsa, bulgularin yorumlanmasinda giiven problemi olacak, elde edilen
sonuglarla yanlis kararlar alinmasi ise kagiilmaz olacaktir. Olcek gelistirme-uyarlama galismalarinda,
kuskusuz en 6nemli adimlardan biri, aracin psikometrik niteliklerine dair deneysel gecerlilik kanitlarmin
ortaya konmasidir. Bu niteliklerden biri de yap1 gegerligidir. Likert tipi 6lgek gelistirme-uyarlama
calismalarinda, yap1 gegerligine iligkin kanitlarin ortaya konmasi, faktor yapilarmin ortaya ¢ikarilmasi
ya da daha 6nceden kestirilen faktdr yapilarinin dogrulanmasi amaciyla faktor analizi kullanilir. Faktor
analizi 6ncesinde sorgulanmasi gereken hususlarin baginda verilerin hangi l¢ek diizeyinde toplandig:
gelmektedir. Analiz siirecinde almmas: gereken onemli kararlardan biri ise hangi iliski matrisinin
kullanilacagidir. Faktor analizinde, Pearson ya da polikorik korelasyon matrisi kullanmanin analiz
sonuglari iizerindeki etkisini incelemeyi ve sonuglarini karsilastirmayi temel alan bu arastirma betimsel
bir aragtirmadir. Farkli korelasyon matrisi temelli faktor analizi sonuglarinin birbirinden farklilastigs,
maddelerin farkli “madde toplam korelasyonu”, “yiik degeri” ve farkli yonde korelasyon degeri
gosterebildigi, farkli faktor sayilarinin ortaya ¢iktigi, farkli maddelerin 6lgek disinda birakilabildigi ve

test edilen yapinin dogrulanma durumunun degistigi belirlenmistir.

Anahtar  Faktor analizi, Polikorik korelasyon matrisi, Pearson korelasyon matrisi, Likert tipi olgekler, Yapt
Kelimeler:  gecgerligi

Ozdemir, H.F., Toraman, C., & Kutlu, O., (2019). The use of polychoric and Pearson correlation matrices in
Citation: the determination of construct validity of Likert type scales. Turkish Journal of Education, 8(3), 180-
195. DOI: 10.19128/turje.519235
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INTRODUCTION

Psychological measurement instruments are used in many fields of social sciences, which study human
behaviors, especially in psychology, educational sciences and sociology, and also in psychiatry, which
has a close relationship with social sciences, within its biopsychosocial model. In general terms,
psychological tests are systematic approaches that provides information about individuals’ abilities,
skills, performances, motivations and attitudes, and contribute to make various decisions according to
what is obtained from them (Oner, 1987). Studies regarding scales have an important place in every area
where psychological activities are conducted.

There are numerous measurement instruments, which have been developed or adapted for different
purposes. In addition to the existing ones, there is need to new instruments to be used in the new studies,
which especially assess different psychological features, and which can be used for different samples
and age groups etc. This need is met through the development of new measurement instruments or
adaptation of the existing ones. While both methods have advantages and disadvantages, the most
important thing is that validity, reliability and even possible standardization evidences should be
established for these instruments by use of appropriate methods and following the correct processes. No
matter how strong the theoretical infrastructure of a scientific study is, if the measurement instruments
that are used to collect data do not have the necessary psychometric qualities, there will be a question
of trust in interpreting the findings obtained by that study, and it will be inevitable to make wrong
decisions with the results obtained from the application of these instruments.

Undoubtedly, one of the most important steps in scale development or adaptation studies is to provide
evidence of experimental validity of the psychometric properties of the developed or adapted instrument
(Crocker & Algina, 2008). In this context, it is necessary to examine whether the instrument measures
the intended feature exactly and accurately. The determination of other psychometric qualities of a scale
can be done after this examination. Healthy and precise decisions about the scores to be drawn from the
application of an instrument can only be taken in the light of the validity evidences.

The notion of validity, which began to evolve in the 1930s thanks to the efforts of practitioners who
wanted to break hegemony of the academics in the American Psychological Association (APA), was
first defined in 1954 in testing standards report published by a commission established by the American
Educational Research Association (AERA), the American Psychological Association (APA), and the
National Council on Measurement in Education (NCME) (AEAB, APB, EOUK, 1997). Although the
scope is defined under four categories, namely the content, predictive, concurrent and construct validity,
some researchers argue that the concept of validity must be gathered under the framework of construct
validity through ongoing discussions (Cronbach & Meehl, 1955; Cronbach, 1984; Messick, 1988, 1993;
Sencan, 2005; Urbina, 2014). The investigation process of construct validity is not much different from
following the general scientific procedures for development and/or confirmation of a theory (Lemke and
Wiersma, 1976). In addition, all the information provided by any validity procedure is relevant to
construct validity (Anastasi, 1988). This gives construct validity both a comprehensive status, and also
importance and reliability. Therefore, the rest of the validity types can be subsumed under the concept
of construct validity. Construct validity has also been associated with factor analysis, which is the most
commonly used method to obtain evidence of such validity by many researchers who have even used
the concept of factor validity instead of construct validity (Nunnally and Bernstein, 1994).

In scale development and adaptation studies in behavioral sciences; Factor Analysis (FA), which is one
of the multivariate statistical methods that Nunnally and Bernstein (1994, p. 111) defined as the heart of
the measurement of psychological constructs to reveal evidence of construct validity, to identify factor
structures, or to confirm previously predicted factor structures, is used. FA is used in a large number of
scientific studies dealing with complex research questions along with other multivariate statistics.
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Naturally, in the social sciences such as education, psychology and sociology, where multiple variables
are being studied simultaneously and the univariate statistical processes are insufficient to explain;
multivariate methods such as multivariate analysis of variance, regression analysis, discriminant
analysis, multidimensional scaling and factor analysis are needed. Assuming that these methods together
constitute a conceptual basis of the topics covered in scientific research and an arch-like structure that
leads to the understanding of causality principles, it can be said that the keystone of this structure is the
"factor analysis" (Cattell, 1978).

The purpose of this research is to compare the effect of using Pearson or polychoric correlation matrix
on the results of the factor analysis, which is applied in order to provide evidence of construct validity
during the development process of likert type scales used in social sciences. Although, similar studies
aiming to illustrate the advantages of using polychoric rather than Pearson correlations by means of
simulation studies held in the field (Holgado-Tello et al., 2010), one of the most important points that
differentiates this study from the previous ones is working with real data. Also some new issues in the
scope of this study, such as number of items remained and items’ additivity states, which were not
analyzed in previous simulation studies, increases the importance of this work.

Factor Analysis

In data reduction with FA, unlike many statistical methods that are used to examine the relationship
between dependent and independent variables, there is a summarizing process that aims to understand
the underlying cause-and-effect relationships in data sets. Gorsuch (1974) stated that the main purpose
of the FA is to develop both the theoretical constructs in a particular field and to reveal the operational
representatives of these theoretical constructs. Cattell's (1978, p. 4) definition of FA as the queen of
correlational methods is supportive of Pedahazur and Schmelkin’s (1991) argument, which states that
one of the best method to be used in examining the internal structure of a group of variables or indicators
is the factor analytical method. It can be argued that the FA is a statistical technique used to demonstrate
construct validity (Atilgan, Kan, & Dogan, 2006; Crocker & Algina, 2008; Bowden, 2004; Erkus, 2003;
Kieffer, 1999; Pedhazur & Pedhazur Schmelkin, 1991; Urbina, 2014). The information obtained in the
FA provides a road map for subsequent validity and reliability studies and other statistical analyses to
be performed on the basis of the scores obtained from the measurement instrument (Cokluk,
Sekercioglu, & Biiyiikoztiirk, 2010, p.177).

Factor analysis, one of the multivariate statistical methods with a wide range of applications, was
developed for use in the field of psychology with the groundbreaking studies of Pearson (1901) and
Spearman (1904) at the very beginning of the 20th century. However, it has been used in various
scientific fields since the second half of the 20th century. Factor analysis is a set of methods rather than
a specific scientific method for determining the fundamental dimensions of a data matrix structure. In
particular, researchers, who need to explain an individual's behavior, intelligence, and abilities in a
mathematical model, have been compelled to develop this scientific method (Albayrak, 2006, p. 107).

Factor analysis can also be defined as a multivariate statistic that aims to find and discover a smaller
number of conceptually meaningful new variable(s) by combining a large number of interrelated
variables (Biyiikoztiirk, 2002). It is divided into two general categories: "exploratory factor analysis"
and "confirmatory factor analysis". The exploratory factor analysis attempts to discover the connection
between observed variables with unknown latent variables, while the confirmatory factor analysis
attempts to confirm the aforementioned structure with the data obtained from the measurement
instruments (Cokluk, Sekercioglu, & Biiyiikdztiirk, 2010). In addition to these two types of factor
analysis, in modern factor analysis we see hybrid factor analysis, in which confirmatory rotation
methods are used after extraction method (as cited in Henson & Roberts, 2006, p. 395).
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Exploratory Factor Analysis (EFA)

When solving the encountered problems, humankind try to reach the solution by reducing the total work.
Known as “the Least Effort Law" in the scientific world, we find this theory in all scientific fields as an
attempt to explain the most by using the least. Behavioral scientists also try to explain the observed
variables with fewer latent variables. In doing so, they use exploratory factor analysis to derive new and
independent k variables (factor), equal or less, by taking advantage of the correlation or covariance
matrix attained from data set which consists of j associated variables (Ozdamar, 2013). Since latent
structures or factors are thought to summarize the observed variables, they are closely related to the
evaluation of the validity of the theory development and observed scores. Theorizing and measurement
of structures are processes linked to each other through organic bonds (Henson & Roberts, 2006). As
pointed out by Kieffer (1999), the use of factor analytical techniques in social sciences has been
integrated with the evaluation of construct validity of both theory development and measurement.
Whatever the purpose of the use of exploratory factor analysis is, the significance of the latent variables
is directly related to researchers’ definition. As Mulaik (1987) states, it is not the EFA that defines things
about psychological features such as intelligence, personality, but it is actually the researchers
themselves who make definitions for taking decisions about how to use such concepts. The analytical
results, as Thompson and Daniel (1996) argue, will provide information for the definitions to be made,
but nevertheless the researcher has full responsibility for the decisions made in this elaboration process.
At this point, the role of exploratory factor analysis does not go beyond being a tool. For these reasons,
researchers’ decisions are needed to be thought thoroughly in the process of exploratory factor analysis
(Henson & Roberts, 2006).

Despite having a fairly wide range of uses, the use of exploratory factor analysis in research is under
serious criticism (Fabrigar, Wegener, MacCallum, & Strahan, 1999). Most of these criticisms focus on
the subjective decision-making necessity arising from the nature of analysis during the execution of
exploratory factor analysis. Tabachnick and Fidell (2013) described the absence of a criterion variable
that could be used to test outcomes as one of the problems experienced in factor analysis. The
interpretation of the analysis results is, to a large extent, based on the presumed judgments of the
researchers, who are also assumed to know the analysis sufficiently.

Researchers, who will apply exploratory factor analysis in their studies, should question some basic
concepts, follow certain steps in the analysis process, and make decisions throughout the process. In
addition to these, they need to be able to master accurate and complete reporting practices in order to
increase the contributions they will make to the literature and to the subsequent studies.

At the beginning of the analysis, the primary issues to be examined are the level of measurement of the
data, sampling size, missing values and/or outliers, normality, linearity, multi-collinearity and
singularity. How to determine the sample size, and whether it is sufficient or not; how to follow a path
if there are missing values and/or outliers; how to test the normality of the data, how to obtain useful
results from the data set in cases where the normal distribution cannot be obtained, and how to
differentiate conditions where the multivariate normal distribution is a necessity are the issues
researchers consider.

In the process of analysis, the leading decisions that must be taken by the researchers are; which relation
matrix (which correlation matrix or variance-covariance matrix) will be used, which factors in predicting
factor/factorization method to be used (main/principal component method, basic/common factor
analysis, maximum likelihood method, generalized least squares method, principal axis factorization
method, alpha factorization method, image factorization method), which rules will be based on when
determining the number of factors (Kaiser criterion/rule-all factors with eigenvalues greater than one,
Cattell Scree test or scree plot, explained variance criterion, Joliffe’s criterion), in which cases the factor
rotation to be applied, while doing this which rotation method (orthogonal or oblique) will be selected
(varimax, quartimax and equamax or direct obligues and promax), and the theoretical and practical basis
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for the decisions that might largely differentiate results, assumptions and the advantages and
disadvantages should also be known.

Confirmatory Factor Analysis (CFA)

In contrast to EFA, which produces theory, CFA is another factor analysis method that tests the theory.
The factor analysis method, which is used to reach the answers of the questions, such as whether the
relation between the factors belonging to a structure revealed by EFA and the variables are sufficient or
not, which variables are related to which factors, whether the factors are independent of each other,
whether these factors are sufficient enough to explain the original structure, is called CFA (Ozdamar,
2013).

Exploratory factor analysis is used to reveal the best factor model for the observed data set when
researchers do not have any idea of the underlying factors before the application of a psychometric
measurement instrument. On the other hand, in the event that there is a previously defined and bounded
structure, in other words a hypothesis about the underlying factors, then the methodology that the
researchers refer to when testing this model/factor structure systematically is confirmatory factor
analysis (Bryant, Yarnold, & Michelson, 1999). CFA is used to test a previously validated and reliable
instrument’s usability in a new culture, in a field, and/or to a target group. It has been indicated that
CFA is a more appropriate method to be used by researchers in assessing the construct validity
(Stapleton, 1997), and it has been emphasized that between the two main factor analytical methods, CFA
is both theoretically more important and should be used more widely (Gorsuch, 1983).

CFA offers important advantages such as comparing the different factorial structures put forth by EFA,
providing an opportunity to correct the conceptual and statistical susceptibility of the model, which has
been thought to be weak, by transforming it into an improved model with a more reliable and efficient
structure.

As in the EFA, it is necessary for the researchers to be in control of a number of issues to be done before
and after the analysis in the CFA, and also accurate and complete reporting practices in order to increase
the contributions they will provide to the literature and for the follow-up studies.

Before CFA, the relationship matrix to be used depending on the level of measurement of the data
available should be determined. The analysis then begins with a description of the model in the direction
of theoretical bases. In doing so, the model is determined by fixing or releasing certain parameters (factor
coefficients, factor correlation coefficients, variance-covariance of the measurement error) in line with
the theoretical expectations of a researcher. This is followed by an analysis of the fit statistics obtained
from the estimations of the collected data set and model parameters by using certain programs (AMOS,
LISREL, etc.). By using different fit statistics (Chi-Square Goodness of Fit, Goodness-of-Fit Index-GFl,
the Root Mean Square Error of Approximation-RMSEA, Residual Averages and Root Mean Square
Residual-RMR, Comparative Fit Index-CFl, Normalized Compliance Index-NFI and Non-Normative
Compliance Index-NNFI and Parsimony Goodness-of-Fit Index-PGFI), the analysis is continued by
evaluating the resulting model fit. If the fit indices cannot meet the acceptance levels, the modification
indices must first be evaluated and, if necessary, the model must be redefined and the process must be
repeated from the first step. Factor structure, the number of factors, the degree to which each item has a
high load to which factor, the model supported by a previous study or a developed theory, and even the
amount of error should be implicitly defined.

As in all other statistical methods, the leading issue to be questioned before the factor analysis is at what
measurement level the data are collected. Theoretical bases and methods used for factor analysis with
continuous variables have been fairly developed. In practice, however, some of the observed and/or
measured variables are at the level of ordinal scale, which is often overlooked and is incorrectly treated
as if they had the numerical metric property representing the sequential categories like 1, 2, 3, 4
(Joreskog & Moustaki, 2001). The use of appropriate statistical techniques by accepting the data
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obtained from these scales as if they are at interval levels, especially due to the item response formats
of the scales (Likert type, etc.), which are used frequently in all fields covered by social sciences has
been criticized in advance. Researchers who have expressed this criticism indicate that the data obtained
from such scales are at the ordinal level of measurement and that appropriate statistical technigues
should be used for these data (Stevens, 1946; Thomas, 1982; Jamieson, 2004). When the ordinal scale
level variables considered, the necessity of using "tetrachoric" (for two categorical data) or "polychoric"
(for three or more categorical data) correlation matrices have been emphasized, while estimating the
relationship between variables or conducting correlation-based analysis (Holgado-Tello, Chacon-
Moscoso, Barbero- Garcia, & Vila-Abad, 2010; Uebarsax, 2015). Jéreskog and S6rbom (2002) found
that the most consistent, reliable, and strongest predictors of factor analysis can be achieved by using
the polychoric correlation matrix. However, the Pearson correlation matrix is often used during the
application of both exploratory and confirmatory factor analysis used in the scale development and
adaptation processes. When the level of the relationship between categorical data are studied, various
reasons are suggested why Pearson correlations are not appropriate (Holgado-Tello et al., 2010). Firstly,
categorical variables are variables providing information at the level of ordinal scale, and Pearson
correlation requires measurements at equal interval level. The information obtained from categorical
variables is limited only to the number of observations per cell/categorization in the contingency table.
If Pearson correlation is used under these conditions, the restriction/limitation of
categorization/classification will lead to the artificial restriction/limitation of the relationship between
measurements (Guilley & Uhlig, 1993), all observations / persons placed on the intervals, where the
boundaries of each category determined, will be scored by accepting in one of the categories, which will
result in a reduction in variability, in other words, a loss of data, even if the data are actually different
from each other. Considering that in homogeneous samples, Pearson's correlation gets lower values than
usual, the restrictions/limitations arising from this way of assigning scores to the
observations/individuals will cause to determine the degree of the relationship between the observed
variables lower as well, and consequently it will cause a decline/decrease in the factor loadings obtained
by factorization of the correlation matrix (DiStefano, 2002). For this reason, when factor analysis will
be used to test the validity of an instrument, it is of paramount importance that the measurement level
at which the data is collected is taken into account. On the other hand, frequent use of the Pearson
correlation matrix in analyses is due to the fact that researchers do not have enough knowledge about
the subject or the limitations of the computer package programs they use. The best example of this is
the fact that IBM-SPSS (Statistical Package for the Social Sciences), one of the most popular statistical
package programs applied in the social sciences, does not recognize a preference for the correlation
matrix to be used during factor analysis, and uses Pearson correlation matrix as a default. Significant
amount of measurement error, especially random and systematic errors, are intermingled from different
sources, in social sciences, and distorting the estimates of the relationship between the variables involved
in the research, which leads to incorrect results. In this context, at the beginning of the negative
consequences of the use of different types of correlations in the statistical analysis in terms of
methodological investigations, it is possible that the researchers make mistaken inferences about the
construct validity, which is the cornerstone of the basic and applied sciences.

METHODOLOGY

This study is a descriptive research. Descriptive research is the study of describing existing conditions
without being interested in the relationships or differences between variables. In this context, descriptive
studies serve for the purpose of describing science, as well as to provide an insight into the production
of hypothesis for further researches (Erkus, 2013).

185

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

OZDEMIR, TORAMAN & KUTLU:; The use of polychoric and Pearson correlation matrices in the determination of construct
validity of Likert type scales

Participants

A methodological comparison is planned in this research. The purpose of this research is neither to adapt
a new instrument from a different culture, nor to develop a new instrument. For this reason, it has been
deemed appropriate to carry out the methodological discussion through an instrument, which has been
already developed. The data obtained during the development process of the Gender Equality Scale
(GES), which was developed by Goziitok, Toraman and Acar Erdol (2017), were also used in this
research with the permission of the researchers. Therefore, the participants are the same participants
whose data were collected for the purpose of conducting exploratory and confirmatory factor analyzes
in the mentioned study.

In Goziitok et al. (2017) study, data were collected from two separate groups of high school students to
perform exploratory and confirmatory factor analysis. The group to collect data for the exploratory
factor analysis consists of 396 students and for confirmatory factor analysis consists of 265 students. It
was also noted that while groups were formed, groups were heterogeneous (different genders, different
class levels [9™, 10", 11" and 12" grade], in terms of cultural activities such as going to cinema, theater,
reading newspapers and books) and balanced group distribution in terms of gender.

Data Collection Tools

In this study, the Gender Equality Scale (GES), and the data collected for factor analysis during the
development of this scale were used.

Analysis of the Data

Goziitok et al. (2017) study was analyzed through IBM-SPSS based on the Pearson correlation matrix.
Typical analyses used in many scale development studies were used in this analysis. They are namely;
examination of item total correlations, Kaiser-Meyer-Olkin (KMO), Bartlett Sphericity test,
examination of eigenvalues, varimax axis rotation. The Cronbach Alpha reliability coefficient was used
to obtain evidence of reliability (Biiyiikoztiirk, 2013; Ozdamar, 2013). Factor analysis findings and
results of Goziitok et al. (2017) were used for comparison with the permission of researchers.

In the factor analysis, "FACTOR" software developed by Lorenzo-Seva and Ferrando (2006) was used
to obtain a comparative polychoric correlation matrix and to carry out the analyses. This software is
free, useful and small-only focuses on factor analysis. By means of this software, it is possible to obtain
a tetrachoric correlation matrix so that factor analysis of achievement tests, which can be coded as 0 and
1, can be realized. In addition, as in the case of Likert scales, which have multiple categories, a
polychoric correlation matrix can be obtained and factor analysis is carried out over this matrix. The
data file was uploaded onto the software and analyzed. In the analysis, the total correlations of the items
were examined, the eigenvalues were examined, the Kaiser-Meyer-Olkin (KMO) and Bartlett Sphericity
tests were performed, and the varimax rotation method was used when multiple factors were tested. The
reliability of the factor software and the model fit indices were taken into account.

The data collected for the CFA were transferred to the AMOS 22 program, and the analyses were carried
out with this program.
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FINDINGS

According to the researchers who argue that when the measurement instruments developed in social
sciences are at the ordinal scale, it is necessary to use the polychoric correlation matrix in the
development process of Likert scales (Holgado-Tello, Chacén-Moscoso, Barbero- Garcia, & Vila-Abad,
2010; Joreskog & Sorbom, 2002; Uebarsax, 2015). Based on this argument, the first analysis was
conducted without the number of factors being specified. The FACTOR software not only proposes
factor numbers, provides information on eigenvalues, but also gives information regarding the
contribution of the items (communality) to scale. As shown in Figure 1, after reviewing this information,
the number of factors and the items to be deducted from the analysis were decided.

The information about KMO and
Bartlett tests was examined.

Explained variances by each item =~ | | =---mmmmmmmmmmm s m e e e e e e L e e e N
were examined
ADEQUACY OF THE RELATION TRIX
\ Determinant &4 the matrix 6.000000004014751 -
B . . 7 _ . _ .
UNROTATED LOADTHG MATRTX \ Bartlett 5>tatl?t}_c ~ (7336.5 (df = 999; P - 0.09@@18)
Kaiser-Meyer-Olkin (KMO) test ) ©8.91987 (very good)
- - S, 7 ~
Variable I/C 1\: (Commumality BC Bootstrap 95% confidence interval of KMO =(( 9.913 9.913) )
AN vy - _
Vv 1 -8.513 ( D B e
v o2 8.319  (@.182 )
vV 3 -8,481 @8.231 C .
v o2 _8.598 @358 Ghe reliability of the scale was exa[mnedj
Vv 5 8.572 a.328
\ 6 -8.685 a.47a ) +
Vv 7 0.168 ( 0.0826 ) EXPLATNED VARIANCE AND RELIABILITY
vV 8 8.787 "8.619
v 9 -8.858 B.737 ten Berge & Hofstee (1999)
Vv 18 -8.747 @.558
v 8.574 8.338 Component  Variance Proportion of Relizbility estimate
v 12 9.494 9.244 variance
vV 13 -8,444 @.197
v 14 9.533 9.230 1 15.688 0.347 ( @957 )
v 15 -9.899 8.91a e
vV 16 0.658 LR N
v 17 -8.487 0.238
v 18 -0.450 8.202 — -
Vv 19 9,335 8.112 Fit indices were examined.
vV 28 -8.667 a.444
v o21 8.03@ @a.e01 \
g ™
14 Root Mean Square of Residuals (RMSR) =\ 9.8944 )
BC Bootstrap 95% confidence interval of RMSR = ( ©.088 9.112)
The loadings of the items under the Expected mean value of RMSR for an acceptable model = ©.89503 (Kelley's criterion)
factor were examined.
Note: if the value of RMSR is much larger than Kelley's criterion walue the model

Weighted Root Mean Sguare Residual (WRMR)
BC Bootstrap 95% confidence interwval of WRMR

9.1918 (values under 1.9 ha
( ©.180 8.203)

Figure 1. Analysis output file of "FACTOR" software

At the end of the contribution evaluation, where the input values and the items are scaled without
specifying the factor number; it is understood that items 1, 2, 3, 7, 12, 13, 14, 15, 17, 18, 19, 21, 22, 29,
35, 37, 38, 39, and 40 contributed to the factor (lower than 0.300) with low correlation level. By
removing these items and having known the factor structure of the scale in Goziitok et al. (2017) study,
the analysis was repeated with two factors.
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Variable Real-data Mean of random 95 percentile of random
eigenvalues eigenvalues eigenvalues EXPLAINED VARIANCE BASED ON EIGENWALUES
—
1 ;/ 13.14182* \ 1.68374 1.78793 Variable Eigenvalue Proportion of Cumulative Proportion
2 | 1.56828 | 1.57285 1.64239 Variance of Variance
30N l.22e47 o 1.49474 1.55430
4 1.89954 1.42718 1.48387 1 13.14182 50545 (9.50545 )
3 0.86619 1.36827 1.41652 2 1.56820 0.06032 (8.56577 )
6 8.76686 1.36029 3 1.22047 0.04694
7 €.73194 1. 1.39579 4 1.89954 8.94229
8 9.66534 1.25088 5 2 .86619 8.83331
9 @.60133 1.1e456 1.20487 6 0.76686 9.@2949
10 @.57966 1.12175 1.15873
11 @.56325 1.87735
12 0.50336 1.83517 ¢
13 9.44584 8.99469
14 8.42507 8.95587 . - . . o oncE
15 2. 36862 0.91563 9. 95192 Ttis 1mdf:1stpod that single factor explam.s the \-anflblllw
16 9.35242 9.87684 0.91342 of 50%, while two factors together explain the variability
17 8.33334 8.83872 9.87492 of 57% of the "Social Gender Equality", which is the
18 ©.29360 0.80076 B8.83775 feature to be measured.
19 8.26727 8.76125 8.79698
20 @.24434 ©8.72384 B8.76236
21 @.23116 2.68334 8.72178 \
22 ©.19833 0.64217 B.68285
23 @.16893 @.59847 9.63673
24 @.15654 ©.55234 B8.59528 P
25 @.11302 8.50139 9.54843 In contrast to the two-factor analysis, "FACTOR" software
26 .89356 0.43049 0.48895 has suggested single factor.
\’—\-
* Advised number of dimensions:| 1 |
\ J

Figure 2. Analysis results obtained from "FACTOR" software by attempting two factors

As seen in Figure 2, the single factor, explained the 50% of the variability in SGE. The software
suggested that analysis should be with single factor. The analysis was continued with a single factor
structure. The results obtained were summarized in table 1.

Table 1.
Exploratory factor analysis and reliability analysis results based on polychoric correlation matrix
Item No Item Loadings Item Total Correlation Item No Item Loadings Item Total Correlation

M4 -0.609 0.370 M27 0.796 0.633
M5 0.584 0.341 M28 0.847 0.718
M6 -0.692 0.478 M30 -0.711 0.505
M8 0.801 0.641 M31 -0.721 0.520
M9 -0.870 0.757 M32 0.704 0.496
M10 -0.765 0.586 M33 0.805 0.648
M11 0.594 0.353 M34 -0.581 0.337
M16 0.662 0.438 M36 -0.624 0.389
M20 -0.672 0.451 M41 0.769 0.592
M23 -0.622 0.387 M42 -0.549 0.302
M24 -0.572 0.327 M43 0.805 0.648
M25 -0.702 0.493 M44 0.827 0.684
M26 -0.696 0.485 M45 0.750 0.562

Kaiser Meyer Olkin (KMO) = 0.941

Bartlett = 4737,0, sd = 325, p<.01

Variance Explained by Single Factor = 0.505
Reliability = 0.961

When Table 1 is examined, it is seen that the loading values of the remaining 26 items do not fall below
0.549 and the item total correlation does not fall below 0.327. It has been seen that the items 4, 6, 9, 10,
20, 23, 24, 25, 26, 30, 31, 34, 36 and 42 have negative correlation values. In fact, some of these items
are negative or have a negative meaning. Others do not have a negative meaning or are not negative.
However, if the scale will become a single structure with all of the remaining materials after the analysis,
it is possible that these items will be encoded negatively in order to make them meaningful.

KMO and Bartlett results of the structure in Table 1 show that it is within the accepted values in the
literature. The value of reliability is at the desired level that is sought in social sciences. The variance
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explained by the single factor is within the acceptable boundaries according to some authors
(Biiyiikoztiirk, 2013) while it cannot be accepted by others (Ozdamar, 2013).

It is seen that Pearson's correlation matrix-based factor analysis results differ from the results based on
the polychoric correlation matrix. Pearson's correlation matrix-based factor analysis results are
summarized in Table 2.

Table 2.
Exploratory factor analysis and reliability analysis results based on Pearson correlation matrix
Item Loadings After Rotation

Item No Factor Item Total Correlation

Factor | Factor 11
M11 Factor 1 0,463 0,452
M27 Factor 1 0,654 0,709
M28 Factor 1 0,710 0,652
M33 Factor 1 0,673 0,667
M41 Factor 1 0,632 0,582
M43 Factor 1 0,691 0,758
M44 Factor 1 0,672 0,848
M45 Factor 1 0,628 0,801
M12 Factor 2 0,400 0,535
M14 Factor 2 0,479 0,619
M16 Factor 2 0,620 0,734
M22 Factor 2 0,333 0,632
M32 Factor 2 0,623 0,542

KMO = 0,922

Bartlett Sphericity (X2) = 2072,965; sd=78, p<0.01
Variance Explained by Factor 1 = %32,780

Variance Explained by Factor 2 = %20,051

Variance Explained by Both Factors Together= %52,831
Cronbach Alpha = 0,889

When the results in tables 1 and 2 are evaluated, it is seen that they are quite different. In the factor
analysis based on the polychoric correlation matrix, items 4, 6, 9, 10, 20, 23, 24, 25, 26, 30, 31, 34, 36
and 42, which are shown with negative correlations, were removed from the scale in the Pearson
correlation matrix-based factor analysis. Social gender equality’s explained variance is close in both
analyzes. KMO and Bartlett values and reliability values are at the desired level in both analyses
(Biiyiikdztiirk, 2013; Ozdamar, 2013).

In accordance with the results obtained from the polychoric correlation matrix with the FACTOR
software that are shown in table 1, the items 4, 6, 9, 10, 20, 23, 24, 25, 26, 30, 31, 34, 36, and 42 were
reverse coded by returning to the same data set in the SPSS program. After this coding, in the SPSS
software, additivity analysis was performed for 26 items and single factor structure that FACTOR
software revealed. The results are summarized in table 3.

Table 3.
Results of additivity analyses of GES (Structure obtained by polychoric correlation matrix-based factor analysis)
Variance Source Sum of Squares Mean of Squares F sd p
Nonadditivity 20.645 20.645 20.711 1 0.000

As a result of the analysis, the non-additivity state is meaningful in the structure consisting of 26 items
and one dimension (Tukey Non-additivity p<.05). In this case, additivity is meaningless (Ozdamar,
2013). In short, the structure is not in additivity state. The two-dimensional structure obtained by
Goziitok et al. (2017) shows additivity. This difference can be explained by the fact that the Pearson
correlation matrix accepts the data set at interval level and attempts to reach a scale with an additivity
structure. However, the criterion of additivity for a scale structure of an ordinal measurement level is a
weak one.
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The structure obtained as a result of exploratory factor analysis based on the polychoric correlation
matrix for GES is shown in table 1. For this structure, confirmatory factor analysis was applied with the
unweighted least square (ULS) method. Unweighted least square (ULS) method is used for confirmatory
factor analysis based on polychoric correlation (Katsikatsou, Moustaki, Yang-Wallentin, & Joreskog,
2012). Confirmatory factor analysis with this method did not confirm the structure.

It has been determined that the two-dimensional structure obtained by Goziitok et al. (2017) has had
close results with the fit indices obtained by Goziitok et al. (2017) when using confirmatory factor
analysis by unweighted least square-ULS method. The results are summarized in table 4.

Table 4.
Fit indices after CFA
Estimation e sd y%sd RMSEA AGFI RMR NFI
Pearson Maximum Likelihood 97,01 53 1,83 0,056 0,92 0,062 0,97
Unweighted Least Square 100,22 64 157 0,046 0,99 0,067 0,99

When table 4 is examined, it has been determined that the estimations made with the maximum
likelihood and unweighted least square methods give very close fit index results. Kogar and Yilmaz
Kogar (2015) stated that unweighted least squares (ULS) method used in confirmatory factor analysis
of ordinal data is a suitable technique for estimating parameters with a minimum number of repetitions
and estimating the parameters. Similar results have also been obtained in this study.

DISCUSSION and CONCLUSION

This study aims to compare the effect of using the Pearson or the polychoric correlation matrix on the
analysis results in the process of developing the likert type scales in order to provide evidence of
construct validity.

In studies conducted in the fields of social and behavioral sciences, all measurements have a degree of
uncertainty/error regardless of precision and accuracy, which causes randomly and/or systematically,
and consequently, these problems are reflected in the results. Especially in the analyses carried out while
collecting evidence of reliability and validity of Likert type scales developed to be used as data collection
instruments in scientific researches or adapted from one culture to another, it was found that using
different correlation matrices could increase the error that would cause confusions in the results, and
they may lead to a misinterpretation of the construct validity evidence, which is regarded as the most
important of the validity types by many researchers (Cronbach & Meehl, 1955; Cronbach, 1984;
Messick, 1988, 1993; Sencan, 2005; Urbina, 2014). Moreover, this situation will inevitably effect the
results of subsequent studies carried out using the corresponding scales.

Similar to the previous studies carried out with simulated data (Holgado-Tello et al., 2010), it is seen in
this real data used study that different correlation matrix based factor analyses results were found to
differ from each other. In comparison to the previously held studies carried out with simulated data, this
study is based on real data, and it also handles new discussions on number of items, items ‘additivity
states. As such, it differs from the previously held studies.

The findings of this study can be summarized as follows: As a result of the analyses carried out using
the Polychoric or Pearson correlation matrix,

1) The items showed different "total item correlation" and "loading values".
2) The items could show a different (negative or positive) correlation coefficient.
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3) Different factor numbers emerged.

4) Whether or not the resulting sub-dimensions’ (factors) possibility of being additive or non-additive
states have changed.

5) Different items were removed out of the scale.

6) Being confirmed and not confirmed status of the structure’s being tested, has changed.

7) It was determined that estimations made by the maximum likelihood and unweighted least square
methods have given very close fit index results.

All of these results clearly show that when the analyses are carried out with the data obtained from the
Likert type scales, the results differ greatly from each other when the analyses are conducted by
grounding Pearson correlation matrix at the interval measurement level or by grounding the polychoric
correlation matrix, in which the data are accepted at the ordinal measurement level. From the perspective
of the differences revealed by this study, which has conducted in terms of factor analysis, especially
specific to construct validity; for researchers, who will use Likert-type scale or scales in their studies as
a means of data collection by developing, and/or adapting, it is recommended to use both Pearson or
polychoric correlation matrices for aforementioned analyses, and to compare the results by taking into
account the theoretical background of the psychological feature they aim to measure. It is better to decide
on which results they will choose, and the final construct they will prefer according to this comparison.
Yet, the existence of two different structures will cause the view that the instruments developed and/or
adapted for measurement do not actually measure the claimed psychological property, but measure a
different property, or cause significant errors in the measurement results.

In the literature, there is a variety of information about the minimum number of participants required
for the factor analysis applications in the measurement instrument development process. For example,
Kline (2005) recommended at least 100; Hutcheson and Sofroniou (1999) stated at least 150 to 300 and
Cattell (1978) claimed the desirable N to be at least 250 participants. Comrey and Lee (1992) described
100 participants as poor, 200 as moderate, 300 as good, 500 as very good and 1000 and more as
excellent. Cattell (1978) emphasized that the number of participants in the factor analysis should be 3
to 6 times the number of the items and Gorsuch (1974) stated that it should be at least 5 times. Everitt
stated that the number of participants should be at least 10 times the number of items (as cited in
Arrindell and van der Ende, 1985, p. 166). The data set used in this study can be said to be obtained
from a sufficient number of individuals according to the literature. The results showed that when worked
with the proper sample size suggested by the literature, the solutions with Pearson correlation matrix
give proper results.

Even though a real data set was used, one limitation of this study is the fact that the results of the factor
analysis of the correlation matrices were discussed from a single data set. Performing methodological
comparisons over more real data sets will help to make a healthier decision about which of the Pearson
or polychoric correlation matrices is proper. Therefore, it is recommended to repeat this methodological
comparison with different data sets within the scope of different studies. When performing factor
analysis, discussing the results of the data sets which are below the sufficient sample level, can also
support to make healthier decisions about the effectiveness of the methods as well. In this sense, it is
recommended to repeat similar comparisons over different sized data sets.

This study is only limited to some of the results of factor analysis. Apart from them, other issues that
are not taken into account both within the scope of factor analysis (such as cross loadings of items,
different estimation methods, different types of rotations, whether different number of categories in the
response format differ the results or not, etc.), and within the scope of analyses to obtain evidence of
reliability, which is another important psychometric property for psychological measurement tools, and
also within the scope of all other correlation-based analyses whether they are effected or not according
to the used correlation matrix, can be studied with new studies.
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TURKCE GENISLETILMIiS OZET

Psikolojik 6lgme araglari, genelde insan davraniglarini konu edinmis pek ¢ok sosyal bilim dalinda,
ozellikle psikoloji, egitim, sosyoloji ve psikiyatride kullanilir. Genel anlami ile psikolojik testler
bireylerin yetenekleri, becerileri, performanslari, giidiileri, tutumlar1 hakkinda bilgi veren ve bunlardan
elde edilecek verilere gore ¢esitli kararlarin alinmasina yardimci olan sistematik yaklasimlardir.

Tirkiye’de degisik amaclarla gelistirilmis ya da uyarlanmis ¢ok sayida 6lgme aract bulunmaktadir.
Yapilacak yeni arasgtirmalarda kullanilmak iizere, var olanlara ek olarak ozellikle farkli psikolojik
ozellikleri 6lgen, farkli 6rneklemler, farkli yas gruplar vb. igin kullanilabilecek yeni 6lgme araglarina
da ihtiya¢ duyulmaktadir. Bu ihtiyag ise, yeni 6l¢me araglarinin gelistirilmesi ya da uyarlanmasi yolu
ile kargilanmaktadir. Her iki yontemin de avantajli ve dezavantajli yonleri bulunmakla birlikte, asil
onemli olan bu araglar i¢in gerekli gecerlik, giivenirlik ve hatta miimkiinse standardizasyon
caligmalariin uygun yontemlerle ve bu yontemlerin de dogru siirecler izlenerek yapilmis olmasidir.
Ciinkii yapilan bir bilimsel ¢aligmanin teorik altyapisit ne kadar saglam olursa olsun veri toplamak
amaciyla kullanilan 6lgme araglart gerekli psikometrik nitelikleri tasimiyorsa o ¢aligma ile ulasilacak
bulgularin yorumlanmasinda giliven problemi olacak, bu araclarin uygulanmasindan elde edilen
sonuclarla yanlis kararlar alinmasi ise kagmilmaz olacaktir. Olgek gelistirme ya da uyarlama
calismalarinda, kuskusuz en 6nemli adimlardan biri, gelistirilen ya da uyarlanan aracin psikometrik
niteliklerine dair deneysel gecerlilik kanitlariin ortaya konmasidir. Bu baglamda, séz konusu aracin
Olcmeyi amagladigi 6zelligi tam ve dogru bir sekilde dlgiip 6lgmedigine iliskin bir sorgulamanin
yapilmas1 gerekmektedir. Olgege ait diger psikometrik niteliklerin belirlenmesi bu sorgulamanin
ardindan yapilabilecek ve dlgegin uygulanmasindan elde edilecek puanlara dair saglikli kararlar da
ancak, aracin gegerliligine iliskin kanitlar dogrultusunda alinabilecektir.

Her ne kadar kapsam, yordama, zamandag/es-zamanli ve yap1 gegerliligi olmak tizere 4 kategori altinda
tanimlanmig olsa da gilinlimiize kadar siire gelen tartismalar icerisinde gecerlik kavraminin, yapi
gecerligi catist altinda toplanmasi gerektigini savunan arastirmacilar olmustur (Cronbach ve Meehl,
1955; Cronbach, 1984; Messick, 1988, 1993; Sencan, 2005; Urbina, 2014). Birgok arastirmaci
tarafindan da yap1 gecerligi, bu tiir gecerlige ait kanit elde etmek amaciyla en sik kullanilan yontem olan
faktor analiziyle iliskilendirilmis, hatta yapi gecerliligi kavramui yerine faktdr gegerliligi kavramim
kullanmislardir (Nunnally ve Bernstein, 1994).

Davranis bilimlerinde 6l¢ek gelistirme ve uyarlama ¢aligmalarinda; yapi gegerligine iliskin kanitlarin
ortaya konmasi, faktdr yapilarinin ortaya ¢ikarilmasi ya da daha onceden kestirilen faktor yapilariin
dogrulanmas1 amaciyla Nunnally ve Bernstein’nin (1994, sf. 111), psikolojik yapilarin él¢iimiiniin kalbi
olarak tanimladigi, ¢ok degiskenli istatistiksel yontemlerden biri olan Faktoér Analizi (FA) kullanilir.
FA, diger ¢ok degiskenli istatistiklerle birlikte karmagik aragtirma sorularmin ele alindig1 ¢ok sayida
bilimsel ¢aligmada kullanilmaktadir. Elbette egitim, psikoloji, sosyoloji gibi sosyal bilim alanlarinda da
birden ¢ok degiskenin eszamanli calisildig: ve tek degiskenli istatistiksel iglemlerin agiklamakta yetersiz
kaldig1 durumlarda; ¢ok degiskenli varyans analizi, regresyon analizi, diskriminant analizi, ¢ok boyutlu
Olcekleme ve faktor analizi gibi ¢cok degiskenli yontemlere ihtiya¢ duyulmaktadir. Bu yontemlerin bir
arada, bilimsel arastirmalarda ele alinan konularin kavramsal temellerinin ve nedensellik ilkelerinin
anlasilmasina agilan kemer seklinde bir yap1 olusturdugunu varsayarsak, bu yapinin kilit taginin “faktor
analizi” oldugu soylenebilir. Tiim istatistiksel yontemlerde oldugu {izere faktor analizi i¢in de analiz
oncesinde sorgulanmasi gereken hususlarin en basinda verilerin hangi 6lgek diizeyinde toplandigi
gelmektedir. Siirekli degiskenlerle faktor analizi igin kuramsal dayanaklar ve kullanilan yontemler
oldukga gelismistir. Ancak pratikte, gézlenen ve/veya odlgiilen degiskenlerin bir kismi siralama olgegi
diizeyindedir ve bu durum siklikla g6z ardi edilmekte ve dogru olmayan bir sekilde 1, 2, 3, 4 gibi sirali
kategorileri temsil eden sayilara metrik &zellige sahipmis gibi davramlmaktadir. Ozellikle sosyal
bilimler kapsamindaki tiim alanlarda oldukea sik kullanilmakta olan 6lgeklerin (likert tipi vb.) madde
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cevap formatlarindan kaynakli olarak, bu 6l¢eklerden elde edilen verilerin esit aralikli 6lgek diizeyinde
kabul edilerek buna uygun istatistiksel tekniklerin kullanilmasi, dnceden beri elestirile gelmis bir
durumdur. Bu elestirileri ortaya koyan aragtirmacilar s6z konusu dlgeklerden elde edilen verilerin
siralama Olgegi diizeyinde olduklarint ve bu veriler i¢in uygun istatistiksel tekniklerin kullanilmasi
gerektigini belirtmektedirler. Siralama 06lcegi diizeyinde degiskenler s6z konusu oldugunda bu
degiskenler arasindaki iligskinin tahmin edilmesinde ya da bu degiskenler kullanilarak yapilacak iliski
temelli istatistiksel analizlerde “tetrakorik” (iki kategorili veriler igin) ya da “polikorik™ (ii¢ veya daha
cok kategorili veriler igin) korelasyon matrisleri kullanilmasi gerekliligi vurgulanmaktadir. Faktor
analizi kapsaminda en tutarli, en saglikli ve en giiglii kestirimlerin polikorik korelasyon matrisi
kullanilarak yapilabildigi ortaya konulmustur. Ancak o0l¢ek gelistirme ve uyarlama siireclerinde
kullanilan hem kesfedici hem de dogrulayici faktdr analizinin uygulanmasi sirasinda genellikle Pearson
korelasyon matrisinden faydalanilmaktadir. Olgme aracinin yap1 gegerliginin test edilmesi amaciyla
faktor analizi kullanilacagi zaman, verilerin toplandig1 dlgek diizeyinin goz Oniinde bulundurulmasi
biyilk Onem tasimaktadir. Diger taraftan analizlerde Pearson korelasyon matrisinin siklikla
kullanilmasi, arastirmacilarin konuyla ilgili yeterli bilgiye sahip olmamasindan ya da kullanmakta
olduklarn bilgisayar paket programlarinin sinirliligindan kaynaklanmaktadir.

Bu aragtirmanin amaci, sosyal bilimlerde gelistirilen likert tiirii 6l¢eklere, 6lgek gelistirme siirecinde
yap1 gecerligi kaniti saglamak amaciyla uygulanan faktdr analizi kapsaminda Pearson ya da polikorik
korelasyon matrisi temelli analizin gergeklestirilmesinin, analiz sonuglar1 {izerindeki etKisini
karsilagtirmaktir.

Faktor analizinde Pearson ya da polikorik korelasyon matrisi kullanmanin analiz sonuglar1 iizerindeki
etkisini incelemeyi ve analiz sonuglarini karsilagtirmayi temel alan bu arastirma betimsel tiirde bir
aragtirmadir. Betimsel aragtirmalar iligkiyi ya da farki merak etmeyen, neyin ne oldugunu saptamaya
doniik ¢alismalardir. Bu bakimdan betimsel ¢alismalar, bilimin betimleme amacina hizmet etmekte ve
ayni zamanda sonraki arastirmalar i¢in denence liretmeye yonelik 6ngorii saglarlar.

Sosyal ve davranis bilimleri alanlarinda yapilan g¢alismalarda Olglimlere siklikla rastgele ve/veya
sistematik hatalar karigmakta, buna bagli olarak ulasilan sonuglara da bu sorunlar yansimaktadir.
Ozellikle bilimsel arastirmalarda veri toplama araci olarak kullanilmak {izere gelistirilen veya farkli bir
kiiltiirden bir digerine uyarlanan Likert tipi olceklerin gecerlik ve giivenirlik kanitlar1 toplanirken
yiiriitiilen analizlerde, farkli korelasyon matrisi kullaniminin sonuglara karigacak hatay1 artirabilecegi
ve bunun da en basta bir ¢ok arastirmaci tarafindan gegerlik tiirlerinin en 6nemlisi olarak goriilen yap1
gecerligi kanitlarinin yanlhs yorumlanmasina yol agabilecektir. Dahast bu durum, s6z konusu dlgekler
kullanilarak yiiriitiilecek sonraki ¢aligmalarin sonuglarina da kaginilmaz olarak yansiyacaktir.

Daha 6nce yapilan ve simiilatif verilerle yiiriitiilen ¢alismalarda oldugu gibi, gergek verilerin kullanildig1
bu ¢aligmada da farkli korelasyon matrisi temelli faktdr analizi sonuglarinin birbirinden farklilagtig
goriilmiistiir. Daha once yapilan ve simiilatif verilerle yiiriitilen ¢alismalarda (Holgado-Tello ve
digerleri, 2010) oldugu gibi, gergek verilerin kullanildigir bu ¢alismada da farkli korelasyon matrisi
temelli faktor analizi sonuglarinin birbirinden farklilagtig1 goriilmiistiir. Bu ¢alisma kapsaminda ulagilan
bulgular su sekilde 6zetlenebilir: Polikorik ya da Pearson korelasyon matrisi kullanilarak yiiriitiilen
analizler sonucunda,

1) Maddeler farkli “madde toplam korelasyonu” ve “yiik degeri” gdstermistir.

2) Maddeler farkli yonde (negatif ya da pozitif) korelasyon degeri gosterebilmistir.

3) Farkli faktor sayilari ortaya ¢ikmugtir.

4) Ortaya cikan alt boyutlarin (faktor) toplanabilir olup olmama durumlar1 degismistir.

5) Farkli maddeler 6lgek dis1 birakilmustir.

6) Test edilen yapinin dogrulanip dogrulanmama durumu degismistir.

7) Maximum likelihood ve unweighted least square yontemi ile yapilan tahminlemelerin birbirine ¢ok
yakin uyum indeksi sonuglar1 verdigi belirlenmistir.

195

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

m Turkish Journal of

www.turje.org EdUC&thﬂ

DOI: 10.19128/turje.453383 Received = 14.08.2018
Accepted = 13.07.2019

Implications of between-school tracking for Turkish students

Wenke Niehues ©
Kog University, Department of Psychology, Istanbul, Turkey, wniehues14@ku.edu.tr
Leibniz Institute for Educational Trajectories, Bamberg, Germany, wenke.niehues@Iifbi.de
Yasemin Kisbu-Sakarya ®
Kog University, Department of Psychology, Istanbul, Turkey, ykisbu@ku.edu.tr
Bilge Selguk ®
Kog University, Department of Psychology, Istanbul, Turkey, bselcuk@ku.edu.tr

Check for
Updates

ABSTRACT  Previous multilevel analyses for Turkey show that performance differences of students vary more
between schools than within schools. These school-disparities might be associated with Turkey’s
tracking system and related differences in student body and learning environments of school tracks.
Since it is not known how Turkey’s low-performing vocational, low-performing academic, and high-
performing academic school tracks differ regarding students’ family background, motivational and
behavioral engagement of students, and schools’ learning environments, we analyzed the PISA 2012
data to examine these differences. Results indicate that Turkish students which attend high-performing
academic schools are more likely to have higher socio-economic status, display higher confidence in
their math ability, are less engaged during class and are exposed to a richer learning environment than
students attending low-performing academic schools. Policy implications of each finding are discussed
in detail.

Between-school tracking, Socio-economic status (SES), Turkish students, Motivational and behavioral

Keywords: engagement, Learning environment

Tirk ogrenciler i¢in okullar arasi izleme uygulamalari

0Z Cok diizeyli analizler Tiirkiye’deki okullar aras1 dgrenci performansi farkliliklarmin okul igi performans
farkliliklarindan daha fazla oldugunu gostermistir. Bu durum, okullara giris sistemi ve buna bagli olarak
ogrenci profillerindeki ve de okullarin 6grenme ortamlarindaki farkliliklardan kaynaklanabilmektedir.
Tiirkiye’deki diisiik performansli meslek okullarina, diigiikk performansli akademik okullara ve yiiksek
performansli akademik okullara devam eden 6grencilerin aile gegmisleri, motivasyonel ve davranissal
katilimlart ve okullarin 6grenme ortamlart arasindaki farklar yeteri kadar incelenmemis oldugundan, bu
calismada PISA 2012 verisi bu farkliliklar tespit etme amaci ile analiz edilmistir. Sonuglar, diisiik
performansli akademik okullara giden &grencilere kiyasla, yiiksek performansh akademik okullardaki
Tiirk 6grencilerinin daha yiiksek sosyo-ekonomik statiiye sahip olduklarini, matematik becerilerine daha
¢ok giivendiklerini, ders sirasinda daha az katilim gosterdiklerini ve daha zengin bir 6grenme ortamina
maruz kaldiklarini1 géstermistir. Bulgular egitim politikalar1 kapsaminda tartigiimistir.
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INTRODUCTION

Inequality in education is perceived as legitimate in meritocratic societies as long as there is equity in
education. Equity in education is present when the academic success of an individual is not associated
with their social origin, but with their effort and skills. While many nations aim for equity within their
education systems, large-scale international studies show that countries differ greatly in their ability to
obtain this goal (OECD, 2013; Ozel, Ozel, & Thompson, 2013). Turkey, for example, is a developing
country with a fast changing and expanding education system which aims to provide high quality formal
education for its growing young population (Ozdemir, 2016). While the upper-secondary school (i.e.,
high school) attendance rate in Turkey has increased within the last decade, Turkey is struggling with
large performance and socioeconomic status (SES) differences between its upper-secondary schools and
students, as well as overall low performance levels in reading, math, and science compared to other
OECD countries (Dincer & Uysal, 2010; OECD, 2013). This implies that the current education system
in Turkey is not able to ensure equity and high quality education for its whole student population (Ozel
etal., 2013).

The high performance and SES disparities among Turkish schools are likely to be associated with
Turkey’s tracking system at the transition to upper-secondary school and college (Maaz, Trautwein,
Liidtke, & Baumert, 2008; Ozdemir, 2016). Turkish students compete in a national standardized exam
for the admission to a limited number of high-performing upper-secondary schools and colleges (Yavuz,
2009). This selection practice has led to a highly stratified and elite school system within Turkey, in
which average school SES and performance level have been associated with Turkish students’ general
academic performance (Alacaci & Erbas, 2010) and performance on the even more important national
university entrance exam (Caner & Okten, 2013). In light of these long term implications of school track
attendance for students’ later academic career, there is lots of pressure on Turkish students to gain access
to one of the scarce prestigious upper-secondary schools in Turkey.

While SES and performance differences between upper-secondary schools in Turkey are well
established, until today there is very limited knowledge about how school track attendance in Turkey
relates to a wider range of student and school features. The large performance and SES differences
between students and schools imply that school track attendance in Turkey does not only relate to
students’ academic performance, but also to further factors such as SES and possibly also students’
motivation, engagement and learning environment at school. To our knowledge, no study yet has
examined whether students coming from economically more advantaged families are more likely to
attend high-performing schools in Turkey and what role parents’ education-related beliefs play in the
choosing of upper-secondary school tracks. Moreover, we do not know whether students at high-
performing schools are more motivated and exceed more effort during their classes at school. We also
do not know how learning environments differ between school tracks in Turkey. Do students at high-
performing schools get offered more learning opportunities in terms of a richer offer of extra-curricular
activities and a better disciplinary climate during class? Or do high-performing schools have more
resources at their disposal to meet the needs of their student body?

Examining differences in school track attendance will help to identify reasons for the large performance
differences between schools in Turkey. This is important in order to formulate future policy approaches
that aim to dampen performance disparities between schools, and lift academic performance standards
particularly for students attending low-performing schools. Furthermore, study results may help to
identify which differences between school tracks are important for students’ learning in Turkey and
which features should be taken into account in future studies examining individual differences in
academic achievement of students. Since results help to better understand how students and parents
navigate in a highly selective school systems and illustrate the consequences for schools and students of
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establishing a strict between-school tracking system, findings might also be important for other school
systems with similar tracking policies such as in Germany, Austria, Belgium, or France.

The following section gives information about the Turkish education system and the transition process
from lower-secondary (i.e., middle school/Ortaokul) to upper-secondary (i.e., high school/lise) school
in Turkey. This is followed by a literature review of how family background, students’ motivational and
behavioral engagement, as well as schools’ learning environments may relate to students’ school track
attendance and choice.

Education in Turkey

Turkey’s education system underwent several reforms in the last two decades. One major Structural
reform was the introduction of the so called “4+4+4”-system in 2012. The “4+4+4”-reform prolonged
compulsory education from eight to 12 years in Turkey, since then Turkish students are expected to
attend four years each of primary, lower-secondary, and upper-secondary school education. In the public
school sector, primary and lower-secondary school admittance takes place according to students’ place
of residence. At the lower-secondary level students may choose between general and religious schools,
and at the upper-secondary level students may choose between different types of schools such as
vocational schools with specializations in electricity, accounting, tourism, religion or others and
academic-oriented schools such as science, social science, or general upper-secondary schools
(Ozdemir, 2016). Vocational schools focus on applied skills and assume that their students will start
working after graduation. Academic-oriented schools prepare their students for the transition to college
with a higher number of academic-oriented classes (Ozdemir, 2016). Performance levels between
schools differ, with higher performing students often attending academic-oriented schools.

The number of academic-oriented, high-performing, upper-secondary schools is limited in Turkey.
Students compete in national standardized tests for the admittance to their school of choice (Ozdemir,
2016). If students and parents decide not to take the admission exam or do not obtain sufficient points
during the exam for their school of choice, then they get centrally distributed to non-selective schools.
These non-selective schools are often vocational or general schools with lower performance levels
(Ozdemir, 2016). As such, Turkey employs a strict between-school tracking policy in which students
get sorted based on their prior academic performance. National high-stake testing also takes place at the
transition to college in Turkey and test results are accompanied by a nationwide ranking of students.

Family Background and Transition to Secondary School

Research indicates that SES-related disparities in education systems get amplified at transition points
within school systems (Schnabel, Alfeld, Eccles, Kdller, & Baumert, 2002). The underlying mechanisms
can be traced back to (a) SES-related differences in educational decisions within families and (b) to
SES-related differences in students’ academic achievement, motivation, and engagement (Maaz et al.,
2008).

Studies using the Wisconsin-Modell for status attainment confirm that SES relates to parents’
educational decision making. These studies found that lower-SES parents are more employment- and
less academically-oriented; thus they tend to send their children to vocational instead of academic
schools (Becker, 2010). Additional, research found that higher-SES parents get more actively involved
in their child’s school choice (Groos, 2016), they possess more knowledge about the education system
(Weininger & Lareau, 2003), and they contact teachers more frequently while organizing their child’s
transition to secondary school (Kleine, 2014). Hence, higher-SES parents seem to be better equipped to
manage and ensure a positive outcome of the transition process to secondary school for their children.

Moreover, research found that academic achievement relates to students’ SES (Alacaci & Erbas, 2010).
Thus, in school systems with between-school tracking based on prior achievement, particularly higher
performing, socio-economically advantaged kids are more likely to gain access to more selective schools
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(Ozdemir, 2016). Additionally, according to the widely used Expectancy-Value-Theory (EVT), a reason
why family background relates to students’ achievement level is that students develop their education-
related beliefs and in turn their academic performance within their sociocultural milieu (Simpkins,
Fredericks, & Eccles, 2015). That is, EVT proposes that students coming from more advantaged families
will have parents who value academic achievement more. During the socialization process, children are
likely to internalize these positive parental education-related beliefs, which in turn is supposed to foster
children’s academic engagement, achievement and choices, so that these students are more likely to
work hard for and apply to more challenging and advanced academic classes and schools (Simpkins et
al., 2015).

The positive link between students’ motivational beliefs such as value assigned to academic tasks (i.e.,
academic task value beliefs) and beliefs about one’s ability to successfully complete a task (i.e.,
academic competence beliefs) and students’ behavioral engagement and academic achievement as well
as choice is well established by EVT-studies (Eccles & Wigfield, 2002). Guo and colleagues (2015)
found, for example, that Australian youth who assigned higher value to math and were more confident
about their math ability were more likely to choose advanced math classes at upper-secondary school
and study Science, Technology, Engineering, and Mathematics (STEM) related subjects at college.

Overall these findings suggest that family background and students’ motivational and behavioral
engagement patterns will positively relate to students’ school track attendance such that students coming
from higher-SES families and families which value academic achievement more for their children, as
well as more motivationally and behaviorally engaged students will attend more academic-oriented and
higher performing schools.

Student Body Characteristics Associated with School Track Attendance

The previous section discussed the possibility that family background is, directly or indirectly via
students’ motivational beliefs, engagement and performance, positively associated with students’ school
track attendance. However, it is also possible that, besides family background, school factors shape
students’ motivational beliefs and engagement. This might be particularly true in highly selective school
systems, since a strict between-school tracking policy is likely to foster homogeneous learning groups
with similar characteristics of the student and teacher body within schools (Maaz et al., 2008). Studies
found, for example, higher levels of disruptive behaviors in schools with a concentration of
disadvantaged students. These higher levels of disruptive behaviors negatively reflected on behavioral
engagement patterns and the motivation of fellow classmates in these studies (Murphy, 2010; Thomas,
Hierman, Thompson, & Powers, 2008). Moreover, at low-performing schools compared to high-
performing schools, teachers are found to hold lower academic expectations for their students (Gamoran,
2004). Students from low-performing school tracks may adopt these lower performance standards of
their teachers and schools, and thus display lower academic expectations and effort (Gamoran, 2004).

Despite this, studies investigating the “Big Fish Little Pond Effect” found that the average performance
level of the learning group at school has a dampening effect on students’ competence beliefs (Marsh &
Hau, 2003). That is, despite comparable academic ability, students in better performing learning groups
hold lower competence beliefs in math due to social comparison mechanism with their peers (Marsh &
Hau, 2003). However, in highly selective school systems, such as in Turkey, for their social comparison
with their peers, students may not refer to their close learning group at school, but rather to their
nationwide standing. Turkish students may have information about their nationwide standing due to
their school track admittance and ranking on the national admittance test for upper-secondary school.
This would be in line with findings from Mann, Legewie, and DiPrete (2015) that, in selective school
systems, students’ competence beliefs are related to their school admission. Thus, overall it is likely that
Turkish students’ motivational and behavioral engagement are associated with their school track
attendance over and above their SES and parental beliefs.

199

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

NIEHUES, KISBU-SAKARYA & SELCUK; Implications of between-school tracking for Turkish students

School Learning Environment and School Track Attendance

Moreover, school tracks are not only likely to differ in terms of characteristics of their student body, but
also in terms of the learning environment that they offer to their students. This is important since
differences in learning environments are associated with the academic development of students (Maaz
et al., 2008). Academically oriented, high-performing schools are supposed to offer a more challenging
and cognitively stimulating learning environment to their students than lower-performing or vocational
schools (OECD, 2012). In comparison to vocational schools, academic schools implement a more
challenging academic curriculum which may result in a higher number of academically oriented classes
or extra-curricular activities at school and thus, foster greater familiarization with more demanding
academic tasks (Giersch, 2016). Additionally, in high-performing schools, the disciplinary climate
during classes is found to be greater than in low-performing schools, which resulted in prolonged
instructional time and thus prolonged practice time for students at high-performing schools (Murphy,
2010). Furthermore, research indicates that low-performing schools are less well-equipped than high-
performing schools (Roeser, Urdan, & Stephens, 2009). A lack of resources such as deprived facilities,
insufficient heating, cooling or number of classrooms is found to be negatively associated with students’
achievement levels when it is below a minimum standard (Eccles & Roeser, 2011). In sum, these
findings suggest that students may benefit academically from their attendance of academic and high-
performing schools due to enhanced learning environments at these schools.

Present Study

Large-scale international data indicates that Turkey is one of the few OECD countries in which the
achievement gap between schools is greater than within schools, and in which schools differ greatly in
the SES-composition of their student body (OECD, 2013). This puts a threat to equity in Turkey. These
disparities among schools are likely to be reinforced by Turkey’s selective school system such as its
between-school tracking and national high-stake testing policy (Maaz et al., 2008; Ozdemir, 2016).
Furthermore, the large performance and SES-differences between schools imply that school track
attendance in Turkey may not only relate to Turkish students’ academic performance, but also to further
student characteristics such as SES or possibly also other student and school factors such as student
motivation or engagement as well as schools’ learning environments.

While performance and SES differences between schools are well researched in Turkey, it is not well
understood how school track attendance in Turkey is associated with a wider range of student body and
school factors. To our knowledge, no study in Turkey has examined how school track attendance relates
to further student body (i.e., math achievement, SES, parental valuing of math, students’ motivational
and behavioral engagement in math) and school (i.e., disciplinary climate during math classes, extra-
curricular activities offered at school, quality of school facilities) characteristics yet. Thus, in order to
address this gap in the literature, our study focused on features related to school track attendance in
Turkey. Our study did not aim to explain individual differences in Turkish students’ academic
achievement as such, yet study results may help to identify influential school factors associated with
Turkish students learning. Hence, study results may provide information to future studies which aim to
examine individual differences in Turkish students’ academic achievement by including school factors
in their analyses. To our knowledge, studies which include school besides individual factors while
explaining individual differences in Turkish students’ academic achievement are still very limited.

Overall, the main aim of our study was to better understand the implications of Turkey’s tracking policy
in order to identify much needed policies that might help to dampen its negative effects (Ozel et al.,
2013). More specifically, we wanted to learn what kind of students are likely to attend which upper-
secondary school track. This would provide us with information about which students are likely to
prevail and which students are likely to stay behind in the tough competition for the limited seats at
academically successful upper-secondary schools in Turkey. Additionally, we wanted to investigate how
students’ motivation and engagement levels differ between school tracks, and whether students at high
performing schools are more likely to be motivated and engaged as implied by EVT. This would inform
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us about whether future policies in Turkey should focus on individual factors such as elevating students’
motivation and engagement levels in order to combat educational inequalities. Moreover, we wanted to
learn how the learning environment between school tracks differ in Turkey, in order to comprehend
what kind of learning context and opportunities are offered to students at each attended school track.
This information might hold important information for future studies assessing which school factors
relate to students’ academic achievement in highly selective school systems such as the one found in
Turkey. Since the literature indicates that students’ academic choices, motivation, and engagement
changes with the subject domain, we only focused on one subject in our study, namely mathematics
(Guo et al., 2015).

Based on the literature reviewed above and in regard to family and student body characteristics, we
hypothesized that students who come from socio-economically more advantaged families, students with
parents who value math more, and students who are motivationally and behaviorally more engaged
during their math classes would be more likely to attend high-performing and academic-oriented schools
than low-performing and vocational schools. In regard to school characteristics, we predicted that
classroom-climates in math would be more disciplined, extra-curricular math activities would be offered
more, and school facilities would be better at high-performing and academic-oriented schools compared
to low-performing and vocational schools.

METHODOLOGY

Participants

Participants were drawn from the Turkish PISA 2012 data-set collected by the OECD. The data is cross-
sectional, designed to be representative of 15-year-old students in Turkey, and has a hierarchical
structure with students nested within schools. We excluded schools with 10 or fewer students in order
to prevent estimation errors for nested data (McNeish & Stapleton, 2016; see Appendix 1 for results of
main analyses including all study participants). This resulted in a final sample of 4,742 Turkish students
from 152 schools with a mean age of 15.8 years (SD = .28) and 49% female participants.

Measures

All measures were collected by the PISA 2012 consortium and were either student or school principal
reports. Most scale scores in the data-set (except the categorization into school tracks and parental
education-related beliefs) were computed, coded, internationally validated and tested for reliability by
the PISA consortium (for more information on the scales please see OECD, 2014). Since the focal point
of analysis for PISA 2012 was students' math achievement, the majority of measures were math-specific
which was in line with our focus on the math domain.

School Tracks

Based on two measures we categorized schools into four tracks: (1) school’s curriculum-orientation
(academic-versus vocational-oriented curriculum) and (2) school’s average proficiency level in math
(low- versus high-proficiency level in math). School principals reported on the curriculum-orientation
of their school by indicating whether their school followed a vocational or academic curriculum. Schools
with a vocational curriculum emphasized applied, employment-related skills in their teaching. Schools
that followed an academic curriculum focused on academic skills.

Based on the performance of students during a standardized math test, the PISA consortium
distinguished between seven proficiency levels ranging from 0 to 6 for students’ math achievement. The
201

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

NIEHUES, KISBU-SAKARYA & SELCUK; Implications of between-school tracking for Turkish students

PISA consortium defined the necessary points on the standardized math test for each proficiency level
(OECD, 2014). According to this definition, until level 2 (420.1 to 482.3 points on the standardized
math test), students are only capable of making a literal interpretation of math tasks, and starting from
level 3 (482.4 to 544.7 points on the standardized math test) students are able to reason and apply
problem-solving strategies to math tasks (OECD, 2014). Thus, beginning with level 3 students are able
to autonomously apply their math skills to solve basic everyday math tasks. In order to identify schools
in which students on average possessed these applied problem-solving skills, in our study we classified
schools with an average student performance level in math at or below level 2 as “low-performing”, and
schools with an average student performance level above level 2 as “high-performing schools”. Hence,
schools with an average score of 482.3 or lower were classified as low-performing schools, and schools
with an average score of 482.4 or higher on PISA’s standardized math test were classified as high-
performing schools. Since no student in our sample attended high-performing vocational schools, in this
study only three school tracks were investigated: Low-performing vocational schools (h = 1,859)
(hereafter referred to as vocational schools), low-performing academic schools (n = 1,630), high-
performing academic schools (n = 1,253).

Math Achievement

Students took part in a standardized math test. To scale students’ test scores, PISA used a Rasch model.
To account for any uncertainty during the Rasch scaling process, PISA provided five estimates (i.e., five
plausible values) for each students’ math achievement instead of a single-point estimate. Any analysis
including students’ math achievement had to combine estimations across all five plausible values (see
OECD, 2009 for information on the use of plausible values). The PISA consortium normed students’
math achievement with 500 points corresponding to the OECD average (SD = 100; OECD, 2014).

Family Background

Family background was measured via students’ SES and parents’ education-related math beliefs.
Students’ SES was measured by an index including parents’ education level, parents’ occupational
status, and household possessions. The three indices were combined by a principal component analysis
by the PISA consortium with an OECD average of 0 (SD = 1; OECD, 2014).

Parents’ education-related math beliefs were measured via students’ perception of their parents’ math
norms. On three items, using a 4-point Likert scale (1 = strongly agree, 4 = strongly disagree), students
indicated how important their math achievement is for their parents (e.g., “My parents believe it is
important for me to study mathematics.”). Our analysis on the Turkish data set revealed acceptable
reliability (o = .73) for the three items measuring parents’ education-related beliefs, thus the three
standardized items were averaged to obtain parents’ education-related beliefs. We reverse coded the
three items so that higher scores indicate more positive parental beliefs.

Motivational Engagement

Students’ motivational engagement was measured via students’ task value and academic ability beliefs
as suggested by EVT (Eccles & Wigtfield, 2002). Students’ valuing of academic tasks was
operationalized via students’ instrumental motivation (i.e., utility value) for math and students’ interest
and enjoyment in math. To measure students’ instrumental motivation, students reported on four items
(e.g., “Making an effort in mathematics is worth it because it will help me in the work that I want to do
later on.”) whether they think that math achievement is important for their future career. To capture
students’ interest and enjoyment in math, students specified how much interested they are in math (e.g.,
“I am interested in the things I learn in mathematics.”) on three items. Both measures used a 4-point
Likert scale (1 = strongly agree, 4 = strongly disagree), were Rasch scaled by the PISA consortium with
an OECD average of 0 (SD = 1), and had good reliability in our sample (0. = .87, o = .89, respectively).
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Students’ math ability beliefs were operationalized via students’ math self-concept and math self-
efficacy. While self-concept tapped into students’ self-evaluation about their general academic
capability in math, students’ self-efficacy beliefs referred to their task-specific competence beliefs in
math. Since the two concepts tapped into different aspects of students’ ability beliefs, both measures
were included in the study. Students’ math self-concept was captured via five items (e.g., “I learn
mathematics quickly.”) on a 4-point Likert scale (1 = strongly agree, 4 = strongly disagree). To measure
math self-efficacy, students reported their feelings of competence on carrying out eight different math
tasks such as “calculating how much cheaper a TV would be after a 30% discount” on a 4-point Likert
scale (1 = very confident, 4 = not at all confident). Both indices were Rasch scaled by the PISA
consortium with an OECD average of 0 (SD = 1) and had good reliability for the Turkish data (o = .84,
a = .82, respectively).

Behavioral Engagement

The behavioral engagement was measured via students’ engagement during math classes and students’
openness to problem-solving. To assess students’ engagement during math classes, students reported on
nine items (e.g., “I pay attention in mathematics class.”) whether they are attentive during math classes
and complete their class work. A 4-point Likert scale (1 = strongly agree, 4 = strongly disagree) was
used for this measure. To measure students’ openness to problem-solving, students reported on five
items their effort and persistence during tasks (e.g., “When confronted with a problem I give up easily.”).
A 5-point Likert scale (1 = very much like me, 5 = not at all like me) was used for this measure. Both
measures were Rasch scaled by the PISA consortium with an OECD average of 0 (SD = 1) and had good
reliability in our sample (o = .91, o = .78, respectively).

Learning Environment at School

Three variables measured schools’ learning environments: Disciplinary climate during math classes,
math-related extra-curricular activities at school, and quality of school facilities. The disciplinary
climate during math classes tapped into the quality of the learning environments at the classroom level,
while the offer of extra-curricular activities and the quality of school facilities were indices at the school
level.

To capture the disciplinary class-climate, students indicated on five items (e.g., “Students don’t start
working for a long time after the lesson begins.”) the degree to which classmates displayed disruptive
behaviors during math classes. The index used a 4-point Likert scale (1 = every lesson, 4 = never or
hardly ever), was Rasch scaled by the PISA consortium with an OECD average of 0 (SD = 1), and had
a good reliability in the Turkish data (a = .86).

To assess schools’ extra-curricular math activities, school principals reported on four items whether the
school offered additional math classes, math/computer clubs, or participation in math competitions.
Scores were combined into a composite score of extra-curricular math activities offered at school by the
PISA consortium, with higher scale scores indicating an enriched extra-curricular math-related school
environment (OECD, 2014). The quality of school facilities was measured by the availability of school
building and grounds, heating/cooling and lightening system, and classroom space. School principals
evaluated on a 4-point Likert scale (1= not at all, 4 = a lot) and three items (e.g., “Is your school’s
capacity to provide instructions hindered by any of the following issues? Shortage or inadequacy of
school buildings and grounds.”) whether their school’s facilities are sufficient. The index was Rasch
scaled by the PISA consortium with an OECD average of 0 (SD = 1) and had an acceptable reliability
for the Turkish data (o =.75).

Analytic Strategy

The preliminary analysis examined whether there were mean differences on study variables across
school tracks, using low performing academic schools as the reference category. Following
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recommendations of the PISA consortium, regressions were conducted with 80 replicate weights using
SPSS 22 (OECD, 2009).

In the main analysis, we conducted a multinomial logistic regression via Mplus 7.4 (Muthen & Muthen,
1998-2012) to examine the role of family background, students’ motivational and behavioral
engagement, and experienced learning environments for school track attendance in Turkey. We
incorporated student weights into our analyses to account for the sampling error (OECD, 2014) and used
the Mplus “type = complex” option with school ID as the cluster variable in order to account for the
hierarchical data structure (i.e., students nested within schools). Thus, we did not estimate a two level
model in order to account for the nested data structure, but with using the “type = complex” option of
Mplus we employed a design-based approach to correct for reduced standard errors due to the nested
data structure (Stapleton, McNeish, & Seung Yang, 2016). The design-based approach as described by
Stapleton et al. 2016 allowed us to estimate a model only at the student level while taking the hierarchical
data structure into account. This approach is in line with our research question and aim to identify
differences in individual students’ school track attendance (Stapleton et al., 2016). We chose this
approach, since with the multinomial logistic regression we wanted to explain what kind of students are
likely to attend which school track and what kind of learning environment students are likely to
experience at each school track. Thus, during the multinomial logistic regression, we were not interested
in between school differences as such, therefore we did not model them. A logit function and the robust
maximum likelihood estimator (MLR) was used for model estimation. For model assessment a robust
likelihood-ratio test, the Bayesian information criterion (BIC), McFadden’s R? and a classification table
was used (Agresti, 2007; Satorra & Bentler, 1999; Tabachnick & Fidell, 2007). The equations for the
logistic regression were as follows:

b100 + b101(SES) + b102(parent math
beliefs) + b103(student instrumental
motivation) + b104(student interest in math) +
b105(student math self-concept) +

In( P (vocational school track) ) = b106(student math self-efficacy) +

P (low — performing academic school track) b107(student behavioral engagement in math

classes) + b108(student openness to problem
solving) + b109(disciplinary climate during
math classes) + b120(extra-curricular math
activities) + b121(quality of school facilities)

b200 + b201(SES) + b202(parent math
beliefs) + b203(student instrumental
motivation) + b204(student interest in math)
+ b205(student math self-concept) +

P (high — performing academic school track) — b206(student math self-efficacy) +

P (low — performing academic school track)” ~ b207(student behavioral engagement in math
classes) + b208(student openness to problem
solving) + b209(disciplinary climate during
math classes) + b210(extra-curricular math
activities) + b211(quality of school facilities)

In(

When collecting data, PISA 2012 used a rotated design for their student questionnaire in order to
increase the covered content by the student questionnaire (OECD, 2014). That means that three different
booklets with varying items were randomly distributed to students and therefore, most missing data in
the data-set was missing by design and missing completely at random (MCAR) (Graham, 2009).
Checking for item-level missing data revealed that less than 2% of data was missing on each item. This
data can be assumed to be missing at random (MAR) and thus, does not pose any threat to our parameter
estimation (Graham, 2009).

204

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

NIEHUES, KISBU-SAKARYA & SELCUK; Implications of between-school tracking for Turkish students

RESULTS

Preliminary Analysis

On average Turkish students performed 51 points less than the OECD average on the standardized math
test (Table 1). Since the PISA 2012 consortium estimated that on average 41 points in math achievement
referred to a learning progress within one school year, Turkish students were behind for over one year
of schooling compared to the OECD average (OECD, 2013). Additionally, the SES level in our sample
was low. With a mean of -1.44, mean SES of Turkish students was close to one and a half standard
deviations below the OECD mean. Turkish students’ value beliefs (ranging from M = -.05 to M = .05)
were comparable to the value beliefs held by the average OECD student, except for Turkish students’
higher interest in math. Turkish students were close to half a standard deviation more interested in math
(M = .42), and they also reported higher average engagement levels at school (M = .21 and M = .24)
compared to their peers from OECD countries. Regarding the learning environment at school, Turkish
students reported a slightly lower level of disciplinary classroom climate (M = -.09) than the average
OECD student. And Turkish school principals indicated poorer quality of school facilities (M = -.24)
compared to the OECD average.

Table 1.
Descriptive statistics for study variables
N M SD Min Max
Student math achievement 4783 449 909 175 795
SES 4742 -144 1.09 -461 1.94
Parent math beliefs 3,123 0.01 0.80 -273 1.14
Student Value Beliefs
Student instrumental motivation 3,136 0.05 0.99 -230 159
Student interest in math 3,141 042 1.06 -1.78 2.29
Student Ability Beliefs
Student math self-concept 3,141 -0.05 0.97 -2.18 2126
Student math self-efficacy 3,146 -0.02 0.93 -3.75 227

Student Behavioral Engagement
Student behavioral engagement in math classes 3,146 0.24 1.12 -3.45 2.72

Student openness to problem solving 3,151 021 0.95 -3.63 245
School Learning Environment

Disciplinary climate during math classes 3,137 -0.09 091 -248 185

Extra-curricular math activities offered at school 4,783 1.75 1.32 0.00 5.00

Quality of school facilities 4,783 -024 0.97 -2.76 1.31

Preliminary analysis comparing means across school tracks in Turkey revealed more favorable student
body characteristics and learning environments for high-performing academic compared to low-
performing academic schools (Table 2). On average, students attending high-performing academic
schools had significantly higher math achievement, came from more advantaged families, were more
motivated and behaviorally more engaged, had parents with higher math beliefs, and reported more
favorable learning environments at school than students attending low-performing academic schools.
Students from high-performing academic schools in Turkey did not significantly differ from students
from low-performing schools in their interest in math and behavioral engagement during math classes
(Table 2).

Low-performing academic schools did not differ from vocational schools in terms of students’ math
achievement, SES, instrumental math motivation, and extra-curricular school activities. Students
attending low-performing academic schools in Turkey reported higher interest in math, higher ability
beliefs, higher behavioral engagement, higher disciplinary class-climate, better-equipped school
facilities, and their parents had more positive school-related beliefs compared to those attending
vocational schools (Table 2).
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Table 2.
Means and mean differences across school tracks with low-performing-academic school track as the reference
category

Low-performing High-performing

Vocational track

academic track academic track
(n = 1,630) (n =1859) (n=1253)
M(SD) M(SD) Maitference 95% CI M(SD) Maitference 95% ClI

Student math achievement 415(65.0)  409(64.6) 551 [-15.34.32] 555(66.9) 141*  [125,156]
SES -1.65(1.03)  -1.70(.90) -.05 [-18,08]  -.77(1.17) .88*  [.71,1.06]
Parent math beliefs .00(.84) -10(.82) -10* [-17,-.02] .18(.69) 18*  [.09,.27]
Student Value Beliefs

Student instrumental motivation .04(1.00) -.02(.95) -.05 [-.14,.03] .16(1.02) 13 [.02,.23]

Student interest in math 47(1.10) .32(1.04) -.15* [-.25,-.04] .53(1.01) .07 [-.04,18]
Student Ability Beliefs

Student math self-concept -.09(.98) -.18(.92) -.10* [-.18,-.02] .18(.98) .26* [.15,.37]

Student math self-efficacy -.16(.86) -.28(.88) -12* [-.20,-.04] .53(.86) .69* [.57,.81]
Student Behavioral Engagement

Student behavioral engagement in math classes .30(1.16) .15(1.15) -.15* [-.20,-.05] .32(1.01) .02 [-.09,13]

Student openness to problem solving .22(.98) .08(.99) -.15* [-.22,-.07] .39(.83) .16* [.07,.27]
School Learning Environment

Disciplinary climate during math classes -.16(.89) -.25(.91) -.09* [-.18,-.00] .24(.86) 40* [.28,.52]

Extra-curricular math activities offered at school 1.48(1.18)  1.46(1.09) -.02 [-51,47] 2.58(1.47) 1.10* [.57,1.63]

Quality of school facilities -.17(.90) -.60(.96) -.43* [-.78,-.07] .19(.89) .36* [.05,.68]

Note. Results of regression analyses with 80 replicate weights. Mairerence = Difference between means for vocational/high-performing-academic
track versus low-performing-academic track. 95% CI = 95% Confidence interval for the mean difference. *p < .05.

Main Analysis

In preparation for the logistic regression, we tested for multi-collinearity, screened for possible outliers
and assessed linearity. Across all independent variables students’ interest in math (tolerance = 0.29, VIF
= 3.44) had the lowest tolerance and highest variance inflation factor (VIF). Since none of the tolerance
values were below 0.25 and none of the VIFs were above 5.00, we concluded that no problematic multi-
collinearity issues existed (Urban & Mayerl, 2006). The screening for outliers revealed that nine students
reported lower math self-efficacy beliefs and additionally five students reported lower openness to
problem solving scores than 3.29 standard deviations units away from the mean of the respective
variables. Since for these students no unusual response pattern on further study variables could be
detected, we refrained from deleting these cases from our dataset. The linearity in the logit was assessed
with the Box-Tidwell (1962) procedure. Results indicated that only the relationship between the quality
of the school building and the logit transformation of the dependent variable might not be linear. Yet,
since alternative modelling of the relationship between the quality of the school building and the
dependent variable did not result in any better fit, we kept the linear modelling for the final model.

In order to examine what kind of students are likely to attend which school track and what kind of
learning environment students are likely to experience at each school track in Turkey, we estimated a
multinomial logistic regression with school tracks (i.e., vocational, low-performing academic, high-
performing academic schools) as the dependent variable. Low-performing academic schools were used
as the reference category in our estimations. For student body characteristics, SES, parents’ education-
related math beliefs, students’ valuing of math, students’ math-competence beliefs, and their behavioral
engagement were predictor variables in the logistic regression. For school factors, disciplinary climate
during math classes, extra-curricular activities, and quality of school facilities served as predictor
variables in the logistic regression. A significant likelihood-ratio test indicated that the addition of the
predictors to an intercept only model significantly improved the fit between model and data, x2(22, N =
1507) = 187.14, p < .001. Moreover, results showed that the variance accounted for by school track
attendance in the final model was satisfactory (McFadden’s R?=.19). When a cut-off value of .5 was
applied, the classification table indicated that our model predicted 54.6% of cases precisely, compared
to 33.6% in the original data (Table 3).
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Table 3.
Classification for the multi-nominal logistic regression
Predicted
Observed Vocational Low-performing High-performing Percent correct
track academic track  academic track
Vocational track 405 158 25 68.9%
Low-performing academic track 243 213 50 42.1%
High-performing academic track 120 75 218 52.8%
Overall Percentage 51.0% 27.2% 21.8% 54.6%

Overall, the logistic regression indicates that vocational and low-performing academic schools are
similar in their student body characteristics. When comparing vocational with low-performing academic
school tracks, only parental educational beliefs, students’ math self-concept, quality of school facilities,
and classroom environment were significant predictors of school track attendance (Table 4). Yet,
students’ SES, instrumental motivation, interest in math, math self-efficacy beliefs, behavioral
engagement, and extra-curricular activities at school were non-significant predictors in the logistic
regression. Specifically, given a one-unit increase in parental academic beliefs, disciplinary classroom-
climate, and quality of school facilities, the odds of attending a vocational school relative to a low-
performing academic school decreased by .77, .84, and .60 times, respectively. Given a one-unit increase
in math self-concept scores, the odds of attending a vocational school relative to a low-performing
academic school were 1.29 times more likely.

Comparing low-performing academic to high-performing academic school track attendance, students’
SES, math self-efficacy, behavioral engagement, students’ classroom environment and extra-curricular
math activities at school were significant predictors, while parental math beliefs, students’ valuing of
academic tasks, students’ math self-concept, and school resources were non-significant predictors. That
is, given a one-unit increase in students’ SES, math self-efficacy beliefs, classroom-climate, and extra-
curricular school activities, the odds of attending a high-performing academic school relative to
attending a low-performing academic school, were 1.90, 2.30, 1.47, and 1.73 times more likely,
respectively. On the other hand, given a one-unit increase in students’ math engagement and persistence
in problem-solving, the odds of attending a high-performing academic school relative to attending a
low-performing academic school were reduced by .78 and .74 times, respectively.

Table 4.
Results of multinomial logistic regression predicting school track attendance with low-performing academic
school track as reference category (N = 1,507)

Vocational track High-performing academic track
B(SE) Exp(B) p B(SE) Exp(B) p
SES .08(.09) 1.08 411 .64(.09) 1.90 <.001
Parent math beliefs -.27(.08) .77 001  -.05(.11) .95 .640
Student value beliefs
Student instrumental motivation .02(.12) 1.02 883  -.01(.12) 1.00 .967
Student interest in math -.08(.12) .92 510 -.08(.13) .93 572
Student ability beliefs
Student math self-concept .26(.10) 1.29 .014 .03(.13) 1.03 .802
Student math self-efficacy -.15(.10) .86 117 .83(.12) 2.30 <.001
School behavioral engagement
Student behavioral engagement in math classes  -.05(.09) .95 581  -.25(.10) .78 .015
Student openness to problem solving -10(.07) .91 179 -.30(.09) 74 .001
School learning environment
Disciplinary climate during math classes -17(.09) .84 .044 .38(.13) 1.47 .003
Extra-curricular math activities offered at school .03(.16)  1.03 .846 .55(.19) 1.73 .004
Quality of school facilities -51(.21) .60 .018 17(.29) 1.18 .565
Log-likelihood -1,325
Likelihood-ratio ¥2(22) 187 <.001
BIC 2,825
McFadden’s R? 19

Note. Niow-performing academic school track = 506, Nvocational school track = 588, Nhigh-performing academic school track = 413.
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DISCUSSION

With the aim to understand implications of Turkey’s tracking system and to identify policy approaches
to dampen its negative implications, the current study assessed how school track attendance related to
(1) student and family as well as (2) school characteristics in Turkey. For our estimations, we used the
PISA 2012 data which provided us with a large representative sample of 15-year-old students from 152
different schools throughout Turkey. Our results confirmed that Turkish students coming from
economically more advantaged families were more likely to attend high-performing schools. At high-
performing schools, Turkish students were more likely to trust their own math ability and experience
more favorable learning environments compared to students at low-performing academic schools.
Contrary to our expectations, students at high-performing schools were just as much likely to value math
and were less likely to be behaviorally engaged during their math classes as their peers from low-
performing academic schools. Learning environments were likely to be particularly poor at vocational
schools. For lower-SES students, school track attendance was associated with parental beliefs instead
of SES. That is, when students reported that their parents assign a higher value to their math abilities,
then students were more likely to attend low-performing academic schools instead of vocational schools.
Overall, the analyses highlighted the importance of school track attendance in Turkey’s selective school
system. Implications of each finding are discussed in more detail below.

Social Segregation between School Tracks

In line with previous research (Alacaci & Erbas, 2010; Dincer & Uysal, 2010), our results documented
a channeling of higher-SES students into high-performing academic schools in Turkey. Lower-SES
students concentrated in Turkey’s low-performing academic or low-performing vocational schools.
While previous studies on Turkey already documented high social and academic disparities among
Turkish schools, our study is the first to verify the increased likelihood of higher-SES students attending
high-performing upper-secondary schools in Turkey. This is an interesting finding, since it implies that
the admission process to Turkish upper-secondary schools is socially biased, despite being mostly based
on test results from a national standardized exam. That is, students coming from more advantaged
families are more likely to be successful during the admission process to high-performing upper-
secondary schools in Turkey. This finding confirms our expectations and is in line with other studies
from Turkey or France indicating the positive association between standardized admission exam results
and SES (Caner & Okten, 2013; OECD, 2012; Ozdemir, 2016). It is also in line with studies suggesting
that SES-related educational differences are likely to increase at transition points in selective school
systems such as between-school tracking (Schnabel et al., 2002).

Different reasons exist why students coming from economically more advantaged families are more
likely to prevail in the tough competition to gain access to high-performing upper-secondary schools in
Turkey. Higher-SES students are, for example, found to have more resources at their disposal in order
to prepare themselves for the admission process (e.g., by taking extra classes in preparation for
standardized exams; Caner & Okten, 2013; Ozdemir, 2016). It is also possible that higher-SES students
perform better on the admission exams since their overall academic achievement relates to their SES
(Alacaci & Erbas, 2010). Another reason might be that higher-SES parents are more successful in
navigating their child through the admission process, since higher-SES parents are found to possess
more knowledge about the education system, get more actively involved during transition times and
more frequently contact teachers during transition times (Groos, 2016; Kleine, 2014; Weininger &
Lareau, 2003). Overall, our results support the findings that between-school tracking, even when
placement is mostly based on standardized test results, is likely to increase social segregation among
upper-secondary schools in Turkey, and thus, it is likely to put a threat to equity in education in Turkey.

Moreover, interestingly, while SES mattered for the access to high-performing instead of low-
performing academic schools in Turkey, SES did not matter for the access to low-performing schools
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in our study. Comparing low-performing school track attendance with each other (i.e., vocational versus
low-performing academic school track attendance) revealed that academic-oriented parents would send
their child to an academic instead of a vocational low-performing school. It is possible that children of
these education-oriented parents actually tried to gain access to better performing schools, but due to
the high competition within the Turkish education system they were not able to, and thus, they attended
low-performing academic schools. In line with studies on school choice, these results underscore the
importance of parental cognitions besides SES for students’ school track choice (Becker, 2010).
Moreover, these results highlight variation in parents’ education-related beliefs among lower-SES
Turkish parents. This is important, since school track attendance is likely to hold important implications
for students’ future academic development, with students attending vocational schools being less likely
to attend college (Caner & Okten, 2013; Ozdemir, 2016). Furthermore, these results are important, since
they suggest that there is variation and possibly room for modification of education-related parental
beliefs of lower-SES parents in Turkey. Thus, interventions, which aim to tackle SES-related disparities
in school track attendance in Turkey, may also take family characteristics such as education-related
beliefs of parents into account.

Comparable Task Value, Lower Ability Beliefs, and Higher Behavioral Engagement Levels at
Low-performing Academic Schools

The EVT posits that more positive motivational beliefs result in higher achievement and engagement
levels of students, as well as their enrolment into more challenging academic classes and school tracks
(Eccles & Wigfield, 2002). Thus, we expected that motivational beliefs and engagement levels would
be highest among students attending high-performing schools. However, contrary to our expectations
from EVT, the results of the logistic regression revealed that school track attendance was not associated
with students’ interest and instrumental motivation (i.e., value beliefs), but with their confidence in their
academic abilities and behavioral engagement.

Surprisingly, students at low-achieving academic schools were less likely to trust their own math ability,
but put in more effort during their math classes than students from high-performing schools. Hence, it
is possible that students at low-performing academic schools may not be able to benefit academically
from their enhanced work for their math classes in Turkey. At the same time, Turkish students’ higher
academic performance and higher confidence in their math ability at high-performing academic schools
is not likely to be associated with more effort of these students. Higher performance and confidence
beliefs of students at high-performing academic schools might rather be due to school factors, such as
the learning environment at school.

Also surprisingly, students attending low-performing academic schools were likely to hold lower ability
beliefs than students from vocational or high-performing academic schools. A possible explanation for
these low ability beliefs of students at low-performing academic schools is that in Turkey’s selective
school system, students’ competence beliefs get shaped by (1) school admittance and (2) students’
personal standards. Admission to selective upper-secondary schools in Turkey is regulated by test scores
from a national examination. Students attending low-achieving academic schools are likely to have been
aiming to attend better schools, but due to their low exam scores, they got assigned to less successful
schools. Based on this admission and their exam scores, their ability beliefs might have suffered. This
would be in line with findings from Mann and colleagues (2015) who argue that in selective school
systems students’ ability beliefs are associated with students’ school admission. Moreover, students
from low-performing academic schools were more likely to hold lower ability beliefs than students at
vocational schools. This might be because students at vocational schools did not strive to attend
prestigious upper-secondary schools. Thus, their ability beliefs did not suffer from their admission to
non-prestigious vocational schools. Other studies from Turkey also indicate that rather than students’
value beliefs and behavioral engagement, particularly students’ competence beliefs and school track
attendance are important for their academic development (Ozel, Caglak, & Erdogan, 2013; Senler &
Sungur, 2009). Yildirim (2012), for example, found in a mediational model for 15-year-old Turkish
students that, while students’ task value beliefs predicted their learning-related behavior, the learning-
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related behavior in turn was not significantly associated with students’ science achievement. The author
found that only students’ ability beliefs predicted their academic performance. These findings hold
important implications for future studies aiming to explain individual differences in Turkish students’
achievement as well as EVT, since it highlights the associations between school track attendance and
competence beliefs in the Turkish education system. Thus, in addition to the family background, as
suggested by EVT, also features of the school system, in such selective school systems as the one found
in Turkey, are likely to shape students’ competence beliefs and consequently also their academic
achievement (Mann et al. 2015, Simpkins et al., 2015). Thus, future studies explaining individual
differences in competence beliefs and academic achievement in Turkey should take features of the
school system such as the performance level of schools into account.

Enhanced Learning Environments at High-performing Schools

In line with our hypothesis, results of the present study indicated that students at high-performing
compared to low-performing academic schools experienced a more favorable learning environment with
more positive disciplinary classroom-climates and a richer offer of extra-curricular math activities at
school. These features of high-performing academic schools may result in prolonged instructional and
practice time, and thus pronounced cognitive stimulation and self-efficacy beliefs for students at high-
performing compared to low-performing schools in Turkey (OECD, 2012). This effect may be
reinforced by an overall more academically demanding curriculum in high-performing compared to low-
performing academic or vocational schools in Turkey (Giersch, 2016).

Additionally, study results emphasized that vocational schools are particularly disadvantaged in Turkey:
These schools had the lowest disciplinary climate during math classes and poor resources. This is in line
with previous findings that low-performing schools are often poorly equipped but are attended by
students with the highest needs (Muijs, Harris, Chapman, Stoll, & Russ, 2004). Hence, researchers are
calling for a relocation of resources towards these schools in order to enable them to meet the high needs
of their student body (OECD, 2012; Windle, 2014).

To sum up, study results suggest that, in Turkey, admittance to high-performing academic schools and
the associated experience of a more stimulating learning environment at school may supersede the
positive effect of individual students’ interest, instrumental motivation and behavioral engagement on
their performance. This implies that in order to foster students’ academic achievement, policies should
focus on enhancing learning environments and students’ academic confidence, especially at low-
performing schools in Turkey, instead of focusing on fostering students’ valuing of academic tasks or
effort (OECD, 2012; Murphy, 2010). Particularly, vocational schools seem to be poorly equipped to
meet the needs of its often disadvantaged students.

Moreover, our results imply that ability beliefs of students are sensitive to competition within the school
system and the attainment of personal goals (Mann et al., 2015). For the Turkish school system this
means that its between-school tracking has detrimental effects on students’ competence beliefs with
unrealized goals. In regard to EVT, it means that in addition to family background also the school system
has the potential to shape students’ ability beliefs, particular in countries with highly selective school
systems.

LIMITATIONS and CONCLUSION

The results should be evaluated in the context of some limitations. First, the PISA data-set is cross-
sectional. Therefore, no inferences about causality can be made. It is possible that the present findings
reflect a self-selection bias of students with high achievement and ability beliefs into high-performing
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academic schools, that high-performing academic schools foster subsequent student characteristics, or
that there are reciprocal effects between students’ school track attendance, student body, and school
characteristics. In order to disentangle these effects, longitudinal studies are needed. Another limitation
of the present study is that most measures were student-reports and math-specific, which may reduce
the generalizability of the results. Thus, future studies should employ additional methods of assessment
such as teacher report, parent report or observational measures, and include additional academic
domains.

Despite these limitations, the present study has a host of strengths. It uses a large, representative sample
including a large number of schools. Moreover, it extends the literature by estimating school-track
attendance in a highly selective school system such as the one found in Turkey. To our knowledge
studies that take school features into account are still very scarce in Turkey. This focus on school tracks
allowed us to reveal three key findings with important implications for Turkey’s selective school system:
First, our study is the first to confirm that lower-SES students get channeled into low-performing schools
in Turkey. Thus, the Turkish between-school tracking system with its allocation system via standardized
national exams to prestigious upper-secondary schools is likely to reinforce socio-economic inequalities
and puts a threat to equity. Therefore, future school allocation policies should aim to combat the social
segregation between upper-secondary schools in Turkey. Second, Turkish students at high-performing
schools are likely to benefit from enriched learning environments at their schools and less so from
enhanced behavioral engagement patterns or interest and instrumental motivation of students. Thus, in
order to enhance student achievement in Turkey, educational policies should aim to improve learning
environments, especially at low-performing schools in Turkey. Moreover, how school features related
to gains in students’ academic achievement is an important question for further longitudinal studies in
Turkey. Third, ability beliefs of students are likely to be sensitive to personal goal settings and features
of the school system. Hence, ability beliefs are likely to suffer for students with disappointed ambitions
in selective school systems. These results suggest that besides family factors, as proposed by EVT,
features of the school system, such as tracking, are also associated with students’ motivational beliefs.
Overall, findings of this study are likely to be applicable to other countries with between-school tracking
based on prior achievement, yet, further research in other countries with such selective school systems
is needed.
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APPENDIX 1.

Results of multinomial logistic regression predicting school track attendance with low-performing academic
school track as reference category including schools with less than 10 students (N = 1,520)

Vocational track

High-performing academic

track
B(SE) Exp(B) p B(SE) Exp(B) p

SES 10(.09) 1.10 261 .67(.09) 197 <.001
Parent math beliefs -.27(.08) 7 .001 -.06(.11) .94 .584
Student value beliefs

Student instrumental motivation .02(.11) 1.02 863 -.01(.12) 1.00 981

Student interest in math -.10(.12) .90 404 -10(.13) 91 455
Student ability beliefs

Student math self-concept .28(.10) 1.32 .008  .06(.13) 1.06 .638

Student math self-efficacy -.16(.10) .85 084  .82(.12) 227 <.001
School behavioral engagement

Student behavioral engagement in math classes  -.07(.09) .93 441 -27(.10) a7 .009

Student openness to problem solving -.08(.07) .93 286  -.28(.09) .76 .003
School learning environment

Disciplinary climate during math classes -.17(.08) .84 038  .39(.13) 1.47 .003

Extra-curricular math activities offered at school .01(.16) 1.01 962  .52(.19) 1.69 .006

Quality of school facilities -.49(.21) .61 019  .18(.29) 1.20 531
Log-likelihood -1,337
Likelihood-ratio ¥2(22) 189 <.001
BIC 2,894
McFadden’s R? 19

Note. Niow-performing academic school track = 919, Nvocational school track = 988, Nhigh-performing academic school track = 413.
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TURKCE GENISLETILMIiS OZET

Tiirkiye’deki okullarin performans agisindan degerlendirme ¢aligmalar1 yapilmis olsa da dgrenmeyi
arttirmak i¢in sagladiklar1 imkanlar ve biinyelerindeki 6grenci profilleri agisindan farkliliklar yeterince
incelenmemistir. Bu makalede, okul merkezli bir yaklasim izlenerek ve PISA 2012 verileri incelenerek,
Tiirkiye’deki nispeten diisiik performansli mesleki ve akademik okullar ile yiiksek performansli okullar,
Ogrencilerin aile ge¢misleri, motivasyonlar1 ve okulun &grencilere sagladigi imkanlar géz Oniinde
bulundurularak incelenmistir.

Arastirmalar ailelerin sosyo-ekonomik durumlarinin dgrencilerin basari ve motivasyon seviyelerini
etkiledigini ortaya koymustur. Diisiik gelirli aileler mesleki okullar1 tercih ederken, yiiksek gelirli
olanlar ¢ocuklarinin akademik basarisi yiiksek olan liselere devam etmeleri i¢in ¢aba sarf etmeyi tercih
etmektedirler. Ayn1 zamanda yliksek sosyo-ekonomik durumdaki aileler iilkedeki egitim ve smav
sistemi ile ilgili daha fazla bilgi sahibi olmakta ve okul ile daha siki iletisim kurmaktadirlar. Bu ailelerin
cocuklar1 da diisiik gelirlilere kiyasla daha basarili ve daha motive olmaktadir. Beklenti-deger teorisine
gore cocuklarin egitime bakis agilar yetistikleri ortamdan etkilenmektedir. Okul basarisin1 6zendiren
ve buna deger veren ailelerin ¢ocuklari, yiliksek kalitede egitim almak i¢in daha motive olmaktadirlar.

Aile etkisi disinda, okullarin sagladiklar1 ve sunduklar1 da 6grencilerin basar1 ve motivasyon seviyelerini
ve kararlarini etkileyen bir diger faktordiir. Okullarin fiziki ortamlar1 ve 6rnegin matematik egitimine
olan bakis acilar1 6grencilere sunulan imkanlar1 ve dolayisiyla basarilarmi etkilemektedir. PISA
sonuglarina gore basarili olan okullarda daha yogun bir akademik egitim goriilmekte ve fiziksel sartlar
genel olarak daha iyi olmaktadir. Ogrencilere ayrilan okul-sonrasi aktiviteler daha cesitlidir. Verilen
odev ve gorevler daha zorlayici olabilmektedir.

Bu arastirma okullar arasinda 6grenci performansina etki edecek farkliliklari incelemek amaciyla
Ogrenci (matematik basarisi, ailenin matematik algisi, sosyo-ekonomik durum, vb.) ve okul (matematik
dersi esnasindaki atmosfer, imkanlarin kalitesi ve cesitliligi, vb.) alt basliklar1 altindaki degiskenleri
incelemektedir. Hangi profildeki okullarda hangi profildeki 6grencinin oldugu arastirmanin odak
noktasidir. Bu se¢imlerdeki farkliliklar ve sebepleri daha iyi anlasildikga, genel basariy1 ve motivasyonu
yiikseltecek gerek bireysel gerekse toplumsal adimlar atilmasinda 6nemli bir yer tutar.

Arastirma OECD tarafindan yapilan PISA 2012 Tiirkiye 6rmeklemi verisini kullanmaktadir. 10 veya
daha az 6grenciden veri elde edilmis okullar analizlere dahil edilmemistir. Analizlerin gerceklestirildigi
orneklem ortalama 15.8 yasinda ve %49’u kiz olmak iizere 4742 6grenciden olusmaktadir.

Verdikleri miifredata ve PISA matematik basarilarina gore okullar kategorize edilmis ve diisiik basarili
mesleki, diisiik basarili akademik ve yiiksek basarili akademik olarak {ice ayrilmistir. Matematik
skoruna gore yliksek basarili mesleki okullar bulunmadigi i¢in o kategori degerlendirmeye alinmamustir.
Basar1 seviyeleri PISA degerlendirmesine goére 0’dan 6’ya kadardir. Seviye 3’ten itibaren problem
¢Ozme becerisi dahil olur. Bu galismada seviye 2 ve alt1 diisiik, seviye 2 iistii yliksek basarili olarak
adlandirtlmigtir.

Tirkiye ve OECD f{ilkeleri ortalamalart karsilastinldiginda, Tiirkiye’deki oOgrenciler OECD
ortalamasina kiyasla matematik testinde 51 puan geride kalmiglardir. Tiirkiye’deki ailelerin sosyo-
ekonomik durumlart da ortalamanin yaklagik 1.5 standart sapma altindadir. Tirk dgrenciler OECD
ortalamasina kiyasla matematik alanina daha fazla ilgi duyarken, dersteki disiplin atmosferini
degerlendirdiklerinde OECD ortalamasina yakin cevaplar vermislerdir. Okul miidiirlerince
degerlendirilen okullarin fiziksel kosullari ise OECD ortalamasinin altinda kalmistir.
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Analiz sonuglar1 mesleki ve diisiikk basarili akademik okullarin 6grenci profili bakimindan benzer
oldugunu gostermektedir. Diisiik basarili akademik okullar mesleki okullar ile kargilagtirildiginda ise,
diisiik basarili akademik okullarda matematik derslerindeki disiplin ortami, okul fiziksel kosullari ve
ailelerin egitimle ilgili goriis degiskenlerindeki skorlar daha yiiksektir. Mesleki okullarda ise
Ogrencilerin matematik benlik algilarmin daha ytiksek oldugu goriilmektedir.

Yiiksek basarili akademik okullar ve diisiik basarili akademik okullar karsilastirildiginda ise, 6grenci
matematik 0z-yeterliligi, matematik derslerindeki disiplin ortami ve okulda ders sonrasi matematik
aktiviteleri yapilmasi degiskenlerindeki skorlar daha yiiksektir. Fakat 6grencilerin matematige ilgisi ve
motivasyonu ve okul fiziksel kosullar1 degiskenleri acisindan fark bulunmamistir. Analizler sosyo-
ekonomik olarak daha avantajli ailelerin ¢ocuklarimin yiiksek basarili okullara gitme olasiliginin daha
fazla oldugunu da dogrulamistir. Ayni zamanda, bu okullardaki Ogrenciler matematik alaninda
kendilerine daha fazla giivenmektedir ve 6grenme ortamlar1 olumlu yonde farkliliklar géstermektedir.
Fakat bekledigimizin aksine &grencilerin matematik dersine kendini verme degiskeninde okullar
arasinda anlamli bir farklilik goériilmemistir. Basarili okullardaki 6grenciler matematik konusunda
kendilerine daha fazla giiveniyorken, diisiik basarili okullarda olanlar matematik derslerine kendilerini
daha ¢ok vermektedirler.

Bu farkliliklar sistemin yarattig1 siralamanin bir sonucu olabilir. Matematik basarisinin hali hazirda
diisiik olmasinin yani sira, zaten basarili bir okulda degilim algis1 6grencinin motivasyonunu ve kendine
giivenini etkileyebilir. Ornegin, matematik konusunda en diisiik kendine giiven meslek okulu
ogrencilerindedir. Meslek okullari, matematik dersi islenisi ve dersteki disiplin seviyesinde de son siray1
almaktadir. Egitimlerine devam etmeyecekleri diisiincesi de bu durumda etkili olabilir. Diisiik sosyo-
ekonomik seviyedeki Ogrencilerin matematik seviyeleri ailelerinin matematige bakiglarindan ¢ok
etkilenebilmektedir. Matematige ve egitime deger veren ailelerin ¢ocuklari meslek okullar yerine genel
liseleri tercih edebilmektedir. Sadece okul ortami degil, ailelerin egitimle ilgili inanislar1 da son derece
etkileyici olabilmektedir.

Bu bilgilerin 15181nda, 6grenciler ve okullar arasindaki bu farkliliklart giderecek, okullar1 ve 6grenme

ortamlarini iyilestirici, imkanlar1 daha ulagilabilir hale getiren, 6grencilerin ruh sagligina zarar vermeyen
politikalar gelistirmek bizleri egitim alaninda esitlige bir adim daha yaklastiracaktir.
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ABSTRACT  Any society needs more scientifically literate citizens even if they do not follow a career in
science. In the 2015 PISA assessment, Turkey ranked 34" among 35 OECD countries based
on science literacy scores. The relatively unsuccessful results of Turkey from international
level examinations like PISA has necessitated the questioning of various components of
science education. One of these components is surely the science curriculum. Being aware of
this, we investigated the primary and middle school Turkish science curriculum for the balance
of science literacy aspects based on the PISA 2015 science literacy framework. This
framework defines scientific literacy under four aspects, namely contexts, knowledge,
competencies, and attitudes. The results revealed that the Turkish science curriculum does not
adequately reflect all dimensions of science literacy and is dominated by the pure knowledge
of the content of science. The curriculum developers should consider these two points in future
curriculum revisions to increase our success in international examinations like PISA and to
help raise scientifically literate students.

Keywords:  Science literacy, Science curriculum, PISA 2015, Science education.

Tirkiye’de uygulanan fen bilimleri dersi 6gretim programinin PISA
fen okuryazarligi cercevesiyle degerlendirilmesi

OZ  Her toplumun -fen bilimleri alaninda kariyer yapmayacak olsa bile- fen okuryazar1 bireylere
ihtiyact vardir. Tiirkiye 2015 PISA uygulamasinda fen okuryazarligi puanina gére 35 OECD
iiyesi iilkeler arasinda 34. sirada yer almistir. PISA gibi uluslararasi diizeyde uygulanan
smavlarda alinan gorece basarisiz sonuglar, Tiirkiye’de fen egitiminin farkli bilegenlerinin
sorgulanmasini gerekli kilmistir. Smif ici uygulamalara doniik bu bilesenlerden biri de
kuskusuz fen bilimleri dersi 6gretim programidir. Bu noktadan hareketle, bu calismada
Tiirkiye’de uygulanan fen bilimleri dersi 6gretim programinin fen okuryazarligi boyutlarini
hangi 6lgiide yansittigi PISA 2015 Fen Okuryazarligi Degerlendirme Cergevesi kullanilarak
aragtirllmistir. Bu gergeve fen okuryazarligini baglamlar, bilgi, yeterlikler ve tutumlar olmak
lizere dort boyutuyla tanimlamaktadir. Bulgular mevcut programin fen okuryazarligin dort
boyutunu dengeli bir sekilde vurgulamada yetersiz kaldigini ve programinin daha ¢ok icerik
bilgisine yogunlastigint ortaya koymustur. Gelecekte yapilacak program giincelleme ve
gelistirme ¢aligmalarinda bu iki noktanin géz oniinde bulundurulmasi, hem PISA gibi
uluslararasi sinavlarda basarimizi artiracak, hem de fen okuryazari 6grenciler yetistirmede
mesafeleri daha hizli kat etmemize olanak saglayacaktir.
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INTRODUCTION

The result of Programme for International Student Assessment (PISA) provided evidence that Turkish
15-year-old students are not scientifically literate enough to meet the needs of the knowledge society in
which individuals are prepared as self-sufficient participants to create scientific and technological
knowledge. Based on PISA 2015 statistics, most of the 15-year-old students (96.7%) attend high schools
in Turkey (OECD, 2016). That is, they successfully completed the middle school and had covered the
elementary and middle school curricula already. The major goal of Turkish science curriculum is to
educate scientifically literate students (Ministry of National Education [MoNE], 2004, 2013, 2017).
Therefore, we expect those students to perform with a high degree of competency in PISA which
evaluates the science literacy of 15-year-olds along with mathematical and reading literacy. In the 2015
PISA assessment, Turkey ranked 34th among 35 Organization for Economic Cooperation and
Development (OECD) countries based on science literacy scores. Moreover, PISA 2015 result indicated
that the percent of top performing students who can show advance scientific thinking and reasoning
skills is less than 1% of all 15-year-old in Turkey (OECD, 2016; Yorulmaz, Colak, & Ekinci, 2017).
PISA describes six levels of proficiency for science literacy and identifies students as top performers at
or above level 5 (OECD, 2017). The levels are arranged hierarchically in such a way that the use of
content knowledge, cognitive operations, and complexity in scientific reasoning increase toward the
upper levels.

It is possible to offer a number of reasons for the low success of Turkey in PISA such as the deficiency
of parental support (Sad, 2012), the shortage of educational resources (OECD, 2013), low job
satisfaction of teachers (Blandford, 2000), the disparity between schools (OECD, 2016), and exam-
oriented education (Acat, Anilan, & Anagun, 2010). Another main reason for the low success of Turkey
may be the science curriculum that does not fully meet what is required to be scientifically literate. Since
a curriculum is among the major sources available to teachers (Kesidou & Roseman, 2002), they make
use of curriculum in many different ways such as to find out objectives, contents, activities and the
limitations for a specific topic. Moreover, it is a guide for a teacher to decide on how to teach, what to
teach, when to teach, where to teach, and even why to teach. Therefore, the science curriculum should
be analyzed to address inadequacies for better science education (Cansiz & Turker, 2011; Kesidou &
Roseman, 2002). This research is significant and necessary to explore the reason behind the low
scientific literacy performances of Turkish 15-year-old students although they completed a science
curriculum from grade 3 to 8 which states the scientific literacy as its major goal. Moreover, it may
reveal important results from which curriculum developers and educators draw conclusions which may
trigger a fundamental change for achieving scientific literacy. Considering this critical issue, we
investigated whether Turkish science curriculum, released in 2017, has the potential to prepare
scientifically literate students based on PISA science literacy framework.

Science Literacy

For more than five decades, many countries, especially developed ones, have attached particular
importance to science literacy. Hurd (1958), for example, questioned the education system of United
States by referring to the term science literacy for the first time after Soviet Union had launched the
Sputnik I -the world's first artificial satellite- into Earth’s orbit in 1957. From then on, the stakeholders
of science education have focused on the important question of why people should be scientifically
literate. Some researchers provided several reasonable arguments to this question (e.g., Durant, Evans,
& Thomas, 1989; Millar, 1996). These researchers defended that science literacy may have a profound
impact on the wealth of a nation, becoming informed users of scientific knowledge in everyday life, and
the use of science in public decision-making. These arguments have shaped the definition of science
literacy and the characteristics of scientifically literate individuals. Although there is not a unique
definition of science literacy, previous studies underlined that public should have a general sense of
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science in order to be informed and critical users of science (e.g., Kolste, 2001; Miller, 1995, 1998). In
line with this perspective, Durant (1993) underlined that science literacy refers to scientific knowledge
that the societies should know to maintain their daily life. The general public does not have direct access
to scientific research but in a scientifically and technologically complex culture, they ought to know
something about science (Durant, 1993). National Research Council (NRC, 1996) defined a
scientifically literate person as the one who can read and understand popular science articles, evaluate
the trustworthiness of such articles, express opinion about socio-scientific issues, and differentiate facts
from fictions.

Regarding the concerns about the level of public science literacy, the stakeholders of education have
consistently focused on the science education in schools (e.g., Carlton, 1963; Collins, 1998; Fensham,
2008; Gallagher, 1971; Hurd, 1958; Rudolph & Horibe, 2015; Yager, 1986). They have questioned if
the science curriculum includes knowledge and skills to prepare students for the special needs of the
times. It is specifically suggested that schools should focus more on teaching the essentials of science
literacy rather than covering further content (Rutherford & Ahlgren, 1990). Considering these warnings
and recommendations, a number of reform movements were initiated to improve science education that
prepares students to a “real” world. In order to improve science education, countries changed the way
science is taught (\VVan Driel, Beijaard, & Verloop, 2001). Instead of traditional science teaching -which
includes introducing concepts, facts, theories and memorizing them- an inquiry-based science teaching
was embraced including hands-on activities (Van Driel et al., 2001). It was argued that this change in
science education helps students discover science topics, develop higher-order thinking skills, and be
prepared for science and technological issues of the 21st century (Van Driel et al., 2001).

In 1985, the American Assaciation for the Advancement of Science (AAAS) provided a definition for
science literacy and recommendations for what students should know in science when they graduate
from high school as scientifically literate individuals. Based on AAAS's (1990) definition, science
literacy does not just mean knowing scientific concepts and principles; rather it has many aspects such
as being aware of the environment; understanding the complex relationship between science,
technology, and mathematics; having a basic understanding of science; and appreciating the subjective
elements of scientific knowledge.

Almost all recent definitions of science literacy are also based on similar aspects. OECD (2016), for
example, highlighted that scientifically literate society should be intellectual in that they need to
approach issues scientifically. OECD intends to measure 15-year-old students’ science literacy by
preparing diverse assessment tools based on this definition. OECD’s assessment of science literacy has
awakened countries to rethink whether the science education in their schools has the standards to raise
students as scientifically literate citizens. Based on such international assessments, countries are
rethinking their education systems so that their students become more prepared to succeed in the 21st
century.

A Quick Look at the Science Curriculum in Turkey

Since 2012-2103 school year, the compulsory education in Turkey has been 12 years with three stages.
The first stage is the primary school which includes grades 1 to 4. It covers children of 66 months to 10
years old (Eurydice, 2018). The middle school is the second stage including grades 5 to 8 and covers
children of 10 to 14 years old. The high school, grades 9 to 12, is the last stage before higher education.
Children aged 14 to 18 years old attend high school. The type of schools in middle and high school may
change. However, all students take the same science education until the end of middle school. Science
education starts in the 3rd grade of primary school and continues until the 8th grade. In each grade level,
all students should follow the same national curriculum. Until the recent one, the organization of the
topics was based on a spiral curriculum, i.e. the topics are covered in each grade with increasing
complexity by reinforcing previous learning. With the 2017 curriculum, the order of the topics has been
changed in such a way that topics progress from universe to human body (see 2017 science curriculum).
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The science curriculum has been updated several times since the 2000s with the most recent revisions
in 2017. In 2000, a major paradigm shift arose in many disciplines including science. Following the
international reforms in science education, the national educational paradigm has shown a shift from the
traditional teacher-centered approach to a contemporary student-centered approach as well. In line with
this philosophy, the process of active construction of knowledge based on personal experience was
underlined rather than passively acquiring it. With the changing philosophy of curriculum, education
systems aim to prepare students with skills such as discovering knowledge, testing hypothesis and
evaluating results, arguing and making evidence-based decisions (MoNE, 2004, 2013, 2017). In 2013,
the science curriculum was revised again to include socio-scientific issues which include controversial
issues related to science, technology, and society. The continuous reforms in science education resulted
in new trends such as science, technology, engineering, and mathematics (STEM). The current science
curriculum (i.e., 2017) focuses on STEM education for the first time. Values education is implicitly
included in the curriculum, and the role of the teacher is highlighted in values education (MoNE, 2017).

METHODOLOGY

Document analysis, a type of qualitative research methods, was adopted in this study. Bowen (2009)
underlined that in document analysis researchers interpret various resources (e.g., books, curriculum
materials, and lesson plans) to give meaning to them. Bowen added that one of the frequent use of
document analysis is to use rubric to score documents, which is what the researchers utilized within the
scope of this study.

The aim of this study is to analyze the Turkish science curriculum from grades 3 to 8 to determine the
emphasis given to the following aspects of science literacy: (1) contexts, (2) knowledge, (3)
competencies, and (4) attitudes. The curriculum has been released in 2017 and is now being
implemented in all schools in Turkey. The subject areas and the corresponding number of objectives in
each grade were given in Table 1.

Table 1.

The content knowledge categories and number of objectives in 2017 Turkish science curriculum
Subject Area Grade3 Grade4 Grade5 Grade6 Grade7 Grade8
Earth and the Universe 5 5 9 5 10 3
Life and Living Things 11 8 8 20 17 28
Physical phenomena 16 20 14 19 27 16
Matter and Its Nature 4 10 6 13 16 17
Science and Engineering Practices - 3 3 4 4 4
Total 36 46 40 61 74 68
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Instrument: Science Literacy Framework of PISA 2015

For the purpose of this study, the objectives of science curriculum from grades 3 to 8 were analyzed and
categorized using the PISA 2015 science literacy framework. PISA has introduced the four aspects of
science literacy as the contexts, the knowledge, the competencies, and the attitudes (OECD, 2016). The
framework in Table 2 presents the aspects of science literacy and the explanations for each aspect based
on PISA 2015 Assessment and Analytical Framework.

Table 2.
PISA 2015 science literacy assessment framework
Science
Literacy Aspect

Description

Personal, local/national and global issues, both current and historical, which demand some
understanding of science and technology

An understanding of the major facts, concepts and explanatory theories that form the basis
of scientific knowledge. Such knowledge includes knowledge of both the natural world
Knowledge and technological artefacts (content knowledge), knowledge of how such ideas are
produced (procedural knowledge), and an understanding of the underlying rationale for
these procedures and the justification for their use (epistemic knowledge)

The ability to explain phenomena scientifically, evaluate and design scientific enquiry, and
interpret data and evidence scientifically.

A set of attitudes towards science indicated by an interest in science and technology,
Attitudes valuing scientific approaches to enquiry where appropriate, and a perception and awareness
of environmental issues.

Contexts

Competencies

The four dimensions presented in Table 2 have also subdimensions. Moreover, each subdimension
includes several practices that a scientifically literate person is capable of doing. For example, the
competencies aspect has three subdimensions as explain phenomena scientifically, evaluate and design
scientific enquiry, and interpret data and evidence scientifically. The subdimension explain phenomena
scientifically has also several practices and one of them is recall and apply appropriate scientific
knowledge. That is, a scientifically literate person should have scientific competencies and one of which
is to be able to explain phenomena scientifically. To achieve this, he/she should recall and apply
appropriate scientific knowledge. Each dimension including subdimensions and practices are provided
in Appendix 1.

The Analysis Procedure

We analyzed the objectives of each unit from Grade 3 to Grade 8 using the framework in Table 2. Two
independent researchers examined each science curriculum to determine the distribution of the four
aspects of science literacy. Before the analysis, they examined the science literacy framework for
clarifications and scoring process. They analyzed a number of objectives together to use the same
analysis criterion and scoring procedure. They performed analysis by assigning each objective to one of
the four aspects of the framework. After researchers completed the analysis of each curriculum
independently, they compared their findings to reconcile their decisions. At the beginning, there were
41 inconsistencies out of 432 decisions. Therefore, the interrater reliability was calculated as 90.51%.
Then Cohen’s Kappa (Cohen, 1960) was administered to test the significance of this interrater reliability.
The interrater reliability was statistically significant (Cohen's Kappa = .78, p <.001). Based on Landis
and Koch’s (1977) criteria, the level of agreement was substantial. In the end, full reconciliation
occurred in the analysis of the objectives. It is worth mentioning that one objective can be assigned to
more than one aspect of science literacy. Therefore, the total frequencies given in the results section
should not necessarily be equal to the total number of objectives for each grade in the curriculum.

A step by step procedure was presented below to exemplify the analysis of objectives. An objective was
focused, e.g. “students discover the materials that are attracted to magnets by doing experiments”
(Objective number: F.4.3.2.2).
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Each researcher read it carefully and decided whether it emphasizes content, competency, or attitude
aspect. Two researchers decided that it emphasizes competency aspect.

It was then decided to which subdimension it belongs to under competency aspect. This objective
requires that students interpret data and evidence scientifically (a subdimension of competency aspect)
since they will experiment with different materials and magnets. As a result, they will have data on
which materials are attracted or not attracted to magnets.

After reaching consensus on subdimension, the researchers focused on which practice the objective
belongs to under the subdimension. This objective was assigned to the practice “analyze and interpret
data and draw appropriate conclusions” because students experiment with different kind of materials
and magnets, collect data on which of them are attracted to the magnets and draw conclusions about the
materials that are attracted to the magnets.

This objective was also assigned to the content aspect of scientific literacy. It was in physical science
subdimension.

Finally, it was decided that it is written free from a context.

A similar pattern was followed during the analysis of all objectives. The Figure 1 summarizes the data
analysis process of objectives.

« Assign objective to one of the aspects (Appendix 1, Column 1)

+ Assign objective to one of the subdimensions (Appendix 1, Column 2)

« Assign objective to one of the practices (Appendix 1, Column 3)

Figure 1. The data analysis process

RESULTS

The present study was designed to determine the extent to which Turkish science curriculum emphasizes
the PISA 2015 science literacy aspects. With this in mind, we classified the objectives in Turkish science
curriculum for grades 3 to 8. Table 3 shows the results of data analysis which reveals the frequencies
and percentages in each aspect of science literacy.
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Table 3.

The distribution of objectives in each aspect of science literacy from grade 3 to 8
Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8
f % f % f % f % f % f %

Contexts
Personal 7 194 6 130 - - 3 49 1 14 1 15
Local/National 1 28 4 87 2 50 5 82 4 54 8 118
Global - - 7 152 3 75 2 33 - - 3 44
Total 8 222 17 369 5 125 10 164 5 68 12 177
Knowledge
Knowledge of the Content of Science 22 611 15 326 10 250 27 443 36 486 31 456
Procedural Knowledge 10 277 6 130 13 325 8 131 6 81 9 132
Epistemic knowledge 1 28 - - - - - - 2 27 - -
Total 33 916 21 456 23 575 35 574 44 594 40 588
Competencies
Explain phenomena scientifically 10 277 16 348 10 250 18 295 19 257 17 25.0
Evaluate and design scientific inquiry 1 28 6 130 3 75 - - 1 14 4 59
Interpret data and evidence scientifically 3 83 10 217 5 125 4 66 6 81 3 44
Total 14 388 32 695 18 450 22 361 26 352 24 353
Attitudes
Interest in science - - - - - - - - - - - -
Valuing scientific approachestoenquiry 2 56 1 22 1 25 4 66 - - 5 74
Environmental awareness 4 111 8 174 5 125 2 33 6 81 5 74
Total 6 167 9 202 6 150 6 99 6 81 10 148

Table 3 shows that objectives in all grades rarely include personal, local, or global issues. In grade three,
only eight objectives (out of 36) are based on a context. These numbers vary in different grades: in
fourth grade, 17 objectives (out of 46); in fifth grade, five objectives (out of 40); in sixth grade, 10
objectives (out of 61); in seventh grade, five objectives (out of 74); and in eighth grade, 12 objectives
(out of 68) include personal, local, or global context. These contexts are important since how students
use knowledge and competencies in these specific contexts is the main idea underlying science literacy.

The analysis of the objectives in terms of the knowledge aspect of science literacy revealed that the
content knowledge is represented more than other two knowledge categories (see Table 3). The least
emphasis is on epistemic knowledge. Only in grade five, the emphasis on procedural knowledge is
higher than content and epistemic knowledge.

The percentage distribution based on scientific competencies showed that the most emphasis is on
explain phenomena scientifically (see Table 3). The other two competencies -evaluate and design
scientific inquiry- are emphasized least in the curriculum for all grades except grade eight.

Attitudes aspect of science literacy is given the least emphasis among other aspects. Moreover,
objectives mostly focus on environmental awareness among other dimensions of attitude. Table 3 gives
an overall distribution of objectives based on four aspects of science literacy. We provided in-depth
results including typical objectives for each aspect in the following sections.

Contexts in the Science Curriculum

Regarding the context aspect of science literacy, the percentage distribution was presented in Table 4.
The minus (-) sign in the cells of tables refers to the fact that the curriculum does not include any
objectives corresponding to that cell. The result is notable in that there are not adequate context-based
objectives in Turkish science curriculum. That is, there are few objectives including personal, local and
global contexts. Among them, health issues at personal level are represented more than others. At global
level, on the other hand, environmental quality is emphasized more than others. Natural resources are
emphasized at local level most. However, the frequencies for different contexts at each level are very
low as compared to the total number of objectives. Typical objectives for contexts dimension are
provided in Appendix 2.
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Table 4.

The frequencies of the context of objectives from grade 3 to 8
Grade3 Grade4 Grade5 Grade6 Grade7 Grade8
f % f % f % f % f % f %

Personal
Health and Disease 4 111 4 87 - - 3 49 - - 1 15
Natural Resources - - - - - - - - - - - -
Environmental Quality 1 28 2 43 - - - - - - - -
Hazards 2 56 - - - - - - - - - -
Frontiers of Science and Technology - - - - - - - - - - - -
Total 7 195 6 130 - - 3 49 - - 1 15

Local
Health and Disease - - 1 22 - - 2 33 - - 1 15
Natural Resources - - 2 43 - - 1 16 1 14 3 44
Environmental Quality 1 28 1 25 1 16 1 14 2 29
Hazards - - - - - - - - - - - -
Frontiers of Science and Technology - -1 22 - - 1 16 2 27 2 29
Total 1 28 4 87 1 25 5 81 4 55 8 117

Global
Health and Disease - - - - - - - - - - - -
Natural Resources - - - - - -1 16 - - - -
Environmental Quality - - 7 152 3 75 1 16 - - - -
Hazards - - - - - - - - - - 3 44
Frontiers of Science and Technology - - - - - - - - - - - -
Total - - 7 152 3 75 2 32 - - 3 44

Knowledge Aspect of Objectives

Table 5 displays the distribution of the knowledge aspect of science literacy. As mentioned before, the
knowledge aspect has three subdimensions as content, procedural, and epistemic knowledge. The
objectives in the content dimension only cover the facts, principles or theories rather than apply them in
contexts. For example, one of the objectives in grade five is as follows: students “explain the main
differences between heat and temperature” (MoNE, 2017, p. 28). The emphasis in this objective is only
on the facts of science. There is no reference to procedural or epistemic knowledge of science. In all
grades, the subdimension procedural knowledge is observed less in the objectives as compared to the
content knowledge. There are more objectives including measurement issues compared to others under
procedural knowledge. The other more frequent procedural knowledge is the use of control variables
and identifying possible causal mechanisms. However, the objectives very rarely include the epistemic
dimension of scientific knowledge. Only two objectives emphasize the reasoning based on data (see
Appendix 3 for typical objectives for knowledge dimension).
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Table 5.

The frequencies of the knowledge aspects of objectives from grade 3 to 8
Grade3 Grade4 Grade5 Grade6 Grade7  Grade8
f % f % f % f % f % f %

Knowledge of the Content of
Science

Physical systems 12 333 8 174 4 100 9 148 17 230 17 250
Living System 6 167 2 43 1 25 15 246 12 162 11 16.2
Earth and Space System 4 111 5 109 5 125 3 49 7 95 3 44
Total 22 611 15 326 10 25.0 27 443 36 487 31 456

Procedural Knowledge
The concept of variables -
Concepts of Measurements
Ways of assessing and minimizing
uncertainty
Mechanisms to ensure the
replicability of data
Common ways of abstracting and
representing data
The control-of-variables 3 83 1 22 3 75 2 33
The nature of an appropriate
design for a scientific question
Total 10 277 6 131 13 325 8 131 6 82 9 132
Epistemic knowledge
The nature of scientific
observations, facts, hypotheses, - - - - - - - - - - - -
models, and theories
The purpose and goals of science
as distinguished from technology
The values of science - - - - - - - - - - - -
The nature of reasoning - - - - - - - - - - - -
How scientific claims are
supported by data
The function of different forms of
empirical enquiry
How measurement error affects
the degree of confidence
The use and role of abstract
models and their limits
The role of collaboration and
critique
The role of scientific knowledge,
along with other forms of - - - - - - - - - - - -
knowledge
Total 1 28 - - - - - - 2 28 - -

- - 2 50 2 33 1 14 1 15
194 5 109 8 200 3 49 5 68 4 59

~

1
1
N

2.9

Scientific Competencies

PISA 2015 framework introduces scientific competencies as an aspect of science literacy including three
subdimensions (OECD, 2017). In the objectives, the most emphasized competency is explaining
phenomena scientifically. The other competencies are seldom emphasized in the objectives as seen in
Table 6. In terms of subdimension interpret data and evidence scientifically, the emphasis in the
objectives is only on the ability to analyze and interpret data and draw appropriate conclusions.
Considering the subdimension evaluate and design scientific inquiry, the emphasis in the objectives is
only on the ability to propose a way of exploring a given question scientifically. Typical objectives for
scientific competencies dimension are provided in Appendix 4.
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Table 6.

The frequencies of the objectives in competencies aspect from grade 3 to 8
Grade 3 Grade 4 Grade 5 Grade 6 Grade 7 Grade 8
f % f % f % f % f % f %

Explain phenomena scientifically
Recall and apply appropriate scientific
knowledge.
Identify, use and generate explanatory
models and representations
Make and justify appropriate 1 28 1 22 2 50 6 98 3 41 4 59
predictions

Offer explanatory hypotheses 2 56 - - - - 1 16 - - - -

E)gpla!n_ the potential |mpI|ca_1t|ons of 1 28 11 239 - ) 5 33 4 54 5 74

scientific knowledge for society

Total 10 279 16 348 10 250 18 294 19 258 17 250
Evaluate and design scientific enquiry

Identify the question explored in a

given scientific study.

Distinguish questions that could be

investigated scientifically

Propose a way of exploring a given

question scientifically

Evaluate ways of exploring a given

question scientifically

Describe and evaluate how scientists

ensure the reliability of data and the

objectivity and generalizability of

explanations

Total 1 28 6 130 3 75 - - 1 14 4 59
Interpret data and evidence scientifically

Transform data from one

representation to another

Analyze and interpret data and draw

appropriate conclusions

Identify the assumptions, evidence,

and reasoning in science-related texts.

Distinguish between arguments that

are based on scientific evidence and

theory and those based on other

considerations.

Evaluate scientific arguments and

evidence from different sources

Total 3 83 10 217 5 125 4 66 6 81 3 44

4 111 4 87 1 25 6 98 7 95 o6 838

2 56 - - 7 175 3 49 5 68 2 29

3 83 10 217 5 125 4 66 6 81 3 44

Attitudes Aspect

Table 7 gives the frequencies and percentage distribution of objectives for attitudes aspect of science
literacy. The objectives mostly focus on environmental awareness with a high percentage in grade four.
There is no explicit reference to the aspect interest in science in any grade (see Appendix 5 for typical
objectives for attitude dimension).

Table 7.
The frequencies of the objectives in attitude aspect from grade 3 to 8
Grade3 Grade4 Grade5 Grade6 Grade7 Grade8

f % f % f % f % f % f %
Interest in science - - - - - - - - - - - -
Valuing scientific approachestoenquiry 2 56 1 22 1 25 4 66 - - 5 74
Environmental awareness 4 111 8 174 5 125 2 33 6 81 5 74
Total 6 167 9 196 6 150 6 99 6 81 10 148
226

I e A = M T RSIAU E| 2019, Volume 8, Issue 3 www.turje.org


http://www.turje.org/

CANSIZ & CANSIZ; Evaluating Turkish science curriculum with PISA scientific literacy framework

DISCUSSION

This research was designed to explore the extent to which 2017 Turkish science curriculum supports the
development of scientifically literate students. The objectives from grade 3 to 8 were closely scrutinized
for their emphasis given on the aspects of science literacy as defined by PISA. Since science curriculum
is the major source that provides the outcomes about what is taught in science classrooms to a great
extent, we expect that this study offers some important contribution to both teacher educators and
curriculum developers.

There are two main overall findings of this study. One of the most significant findings to emerge from
this study is that Turkish science curriculum reflects the aspects of science literacy in varying degrees.
That is, the curriculum is not adequate to reflect each of the four dimensions in a balanced manner. The
results of this study revealed that the context aspect of the science literacy framework of PISA is almost
not included in the objectives of Turkish science curriculum. However, active engagement of students
with real-world contexts that affect their lives is seriously highlighted in the definition of science
literacy. In other words, the definition of science literacy highlights context-driven curriculum. This
context-driven curriculum in science teaching aims to engage students with issues that they are highly
likely to come across as citizens (Roberts, 2007). The science curriculum that is contextualized around
real-world problems is needed to help students develop a more realistic understanding of the world
around them by adapting to a wider social and cultural reality in science classrooms. Lack of a real-
world context may lead to a feeling that the concepts learned in schools are not related to daily life. The
context-driven science helps students to find out the underlying science concepts for real-world issues
(Fensham, 2009). Moreover, choosing the contexts compatible with students’ daily lives results in the
generation of intrinsic interests (Fensham, 2009). Especially personal and local contexts are valuable to
make sense of the world around us and global context to understand others’ world.

The second important finding of this study was about the emphasis given on the knowledge aspect. The
three subdimensions of knowledge aspect are represented in varying degrees. The most emphasis is
given to the content knowledge while the epistemic knowledge is emphasized least. The objectives
mostly include the memorizing of the scientific facts and principles. The emphasis on the science content
may be important but it should be balanced with procedural and epistemic knowledge. The science
curriculum is particularly deficient in providing students with experiences for procedural and epistemic
knowledge. In order to meet the needs of the 21st century, the curriculum should be readjusted to
underlie these two types of knowledge. The industry world in the 21st century requires people with
diverse skills such as creating testable hypothesis, design experiments to test the hypothesis, manipulate
variables, and collect data (Duggan & Gott, 2002). Citizens can gain these skills through practicing
during K-12 education, primarily in science classrooms. Especially the reforms in science education
underline the process of science and students’ understanding of how scientific knowledge is produced
(e.g., AAAS, 1989, 1993; NRC, 1996). Students should develop certain abilities for scientific inquiry.
These abilities cannot be separated from science content and yet there is no need to choose skills over
content (Rillero, 1998). It is obvious that procedural knowledge is necessary to do science. This, in turn,
will lead to produce first-hand science knowledge. Students cannot link the procedural knowledge and
content knowledge if there is less emphasis on procedural knowledge. The objectives of the curriculum
are also problematic in terms of epistemic knowledge. Students who experience the Turkish science
curriculum do not have adequate epistemic knowledge of science until Grade 8 because it is not
highlighted in the curriculum until then. Epistemic knowledge is related to the nature and characteristics
of scientific knowledge. As content and procedural knowledge, it is an eminent aspect of science
literacy. The reforms in science education have brought the idea of inquiry-based science teaching in
order to introduce students to the procedural knowledge and skills in science. An inquiry is defined as
complex activity that contains numerous skills such as asking questions, observing the environment,
reviewing literature about what is previously known, collecting data, interpreting the evidence, and
evaluating alternative solutions (NRC, 1996). Inquiry refers to the way how scientists work and to the
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methodology of science teaching and learning (Carlson, Humphrey, & Reinhardt, 2003). Therefore, the
science curriculum should include objectives promoting inquiry-based practices if it aims to promote
science literacy.

Regarding scientific competencies, the Turkish science curriculum emphasizes mostly explain
phenomena scientifically and seldom focus on other two aspects -evaluate and design scientific inquiry,
interpret data and evidence scientifically. As discussed in the knowledge aspect above, the three
competencies should share equal importance. Therefore, students need to experience all of them with
similar emphasis. In addition to having knowledge of scientific concepts, science literacy requires the
ability to carry out a scientific inquiry. The discussions on science literacy also confirm this viewpoint.
For example, when Roberts (2007) suggested the two visions of science literacy, he aimed to emphasize
both contents of science (vision I) and the use of these contents (vision 11). Therefore, there is a need for
a science curriculum that provides students with opportunities to conduct scientific inquiry in which
they utilize content, procedural, and epistemic knowledge together. In this way, they can evaluate their
results and reach meaningful conclusions.

Among others, the most neglected aspect of science literacy is attitudes aspect. Regarding three
subdimensions of this aspect, only the fourth-grade science curriculum includes objectives emphasizing
environmental awareness while science curriculum from six to eight grade emphasizes neither of them.
The attitudes towards science are generally neglected in science curriculum because the cognitive gains
are given more emphasis than affective ones. However, having positive attitudes toward science bring
about other outcomes such as science achievement. Moreover, Kirk (2018) underlined that if the learning
environment only offers students cognitive opportunity to learn, then it is highly likely that such
environment may inhibit students’ learning at a certain point in time. If students appreciate science and
scientific way of thinking, they become more scientifically literate. A key policy priority should,
therefore, be to consider the ways of promoting students' attitudes toward science which, in turn,
promotes science literacy.

CONCLUSION and RECOMMENDATIONS

The present study was designed to evaluate the extent to which Turkish science curriculum emphasizes
the PISA 2015 science literacy aspects. Overall, the investigation of objectives has shown that there are
certain drawbacks of current science curriculum in terms of raising scientifically literate children. The
most significant finding of this study is that Turkish science curriculum includes objectives fostering
content knowledge more. That is, the curriculum is dominated by the pure knowledge of the content of
science. This is definitely an essential element of science education but there is a need to focus on the
process of science in classrooms.

The Turkish science curriculum underlines the importance of educating every young person as
scientifically literate. However, the evidence from this study indicated that this is not totally reflected in
the objectives. Although current science curriculum emphasizes science literacy and include objectives
fostering it to some degree, international assessments show that Turkish students (especially 15-year-
old ones) are not well-equipped with the elements of science literacy. Therefore, Turkish science
curriculum in each grade needs to be redesigned to provide students with opportunities to raise them
science literacy in all aspects. It should include objectives fostering each aspect of science literacy in a
balanced manner. Lack of such curriculum might be one of the reasons why 15-year-old students in
Turkey “fail” in PISA assessments.
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APPENDIX 1.

Aspects, subdimensions, and practices in PISA scientific literacy framework

Aspects

Subdimensions

Practices

Contexts

Personal
Local
Global

Health and Disease

Natural Resources

Environmental Quality

Hazards

Frontiers of Science and Technology

Knowledge

Knowledge of the Content
of Science

Physical systems
Living System
Earth and Space System

Procedural Knowledge

The concept of variables

Concepts of Measurements

Ways of assessing and minimizing uncertainty
Mechanisms to ensure the replicability of data

Common ways of abstracting and representing data

The control-of-variables

The nature of an appropriate design for a scientific question

Epistemic Knowledge

The nature of scientific observations, facts, hypotheses, models, and
theories

The purpose and goals of science as distinguished from technology
The values of science

The nature of reasoning

How scientific claims are supported by data

The function of different forms of empirical enquiry

How measurement error affects the degree of confidence

The use and role of abstract models and their limits

The role of collaboration and critique

The role of scientific knowledge, along with other forms of
knowledge

Competencies

Explain phenomena
scientifically

Recall and apply appropriate scientific knowledge.

Identify, use and generate explanatory models and representations
Make and justify appropriate predictions

Offer explanatory hypotheses

Explain the potential implications of scientific knowledge for
society

Evaluate and design
scientific enquiry

Identify the question explored in a given scientific study.
Distinguish questions that could be investigated scientifically
Propose a way of exploring a given question scientifically
Evaluate ways of exploring a given question scientifically
Describe and evaluate how scientists ensure the reliability of data
and the objectivity and generalizability of explanations

Interpret data and evidence
scientifically

Transform data from one representation to another

Analyze and interpret data and draw appropriate conclusions
Identify the assumptions, evidence, and reasoning in science-related
texts.

Distinguish between arguments that are based on scientific evidence
and theory and those based on other considerations.

Evaluate scientific arguments and evidence from different sources

Attitudes

Interest in science
Valuing scientific
approaches to enquiry
Environmental awareness
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APPENDIX 2.

Typical objectives in the context aspect of science literacy

Contexts Typical Objectives

Personal

Health and Disease

Natural Resources
Environmental Quality
Hazards

Frontiers of Science and
Technology

Local

Health and Disease
Natural Resources
Environmental Quality
Hazards

Frontiers of Science and
Technology

Global

Health and Disease
Natural Resources
Environmental Quality

Hazards

Frontiers of Science and
Technology

Discuss what should be done to protect the health of the sense organs (Objective
number: F.3.2.1.3).

No objectives

Be careful to be efficient in the use of resources (Objective number: F.4.6.1.1).
Discuss the dangers of moving objects in daily life (Objective number: F.3.3.2.3).
No objectives

Assume responsibility to reduce smoking in the close vicinity (Objective number:
F.4.2.1.6.).

Discuss the separation of mixtures in terms of their contribution to national
economy and effective use of resources (Objective number: F.4.4.5.3.).

Discuss the effect of battery waste on environment and what should be done about
this (Objective number: F.3.7.2.2.).

No objectives

Explain his/her ideas on the new applications of magnets (Objective number:
F.4.3.2.4).

No objectives

Discuss the importance of density of solid and liquid water for the livings

Explain the negative effects of light pollution on natural life and observation of
celestial bodies (Objective number: F.4.5.3.2).

Discuss the causes and possible consequences of global climate change (Objective
number: F.8.6.3.5)

No objectives
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APPENDIX 3.

Typical objectives in the knowledge aspect of science literacy

Knowledge

Typical Objectives

Knowledge of the Content of Science
Physical systems

Living System
Earth and Space System

Procedural Knowledge
The concept of variables

Concepts of Measurements

Ways of assessing and minimizing
uncertainty

Mechanisms to ensure the replicability
of data

Common ways of abstracting and
representing data

The control-of-variables

The nature of an appropriate design for a
scientific question

Epistemic knowledge
The nature of scientific observations,
facts, hypotheses, models, and theories
The purpose and goals of science as
distinguished from technology
The values of science
The nature of reasoning
How scientific claims are supported by
data
The function of different forms of
empirical enquiry
How measurement error affects the
degree of confidence

The use and role of abstract models and
their limits

The role of collaboration and critique
The role of scientific knowledge, along
with other forms of knowledge

Classifies the substances according to their state (Objective number:
F.3.4.2.1).

Explain the basic functions of sensory organs. (Objective number:
F.3.2.1.2).

Explains the events that occurs as a result of Earth’s motion (Objective
number F.4.1.2.2).

Tests and predicts the variables that affects bulb brightness in an
electrical circuit. (Objective number F.5.7.2.1).

Compares the mass and volume of different substances by measuring
them (Objective number F.4.4.2.1)..

No objectives

No objectives

Interpret the factors affecting the rate of photosynthesis by drawing
graphs (Objective number F.8.6.2.3)

Discover by doing experiment that the heat energy of a matter depends
on the type, mass, and temperature of the matter (Objective number
F.8.4.5.1)

No objectives

No objectives
No objectives

No objectives

No objectives

Questions how the ideas about the concept of atom has changed from
past to present (Objective number F.7.4.1.2)

No objectives

Discusses the ideas about the structure of the cell from past to present
by associating with technological developments. (Objective number
F.7.2.1.2)

No objectives

No objectives
No objectives
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APPENDIX 4.

Typical objectives in the scientific competencies aspect of science literacy

Scientific Competencies
Explain phenomena scientifically

Typical Objectives

Recall and apply appropriate scientific
knowledge.

Identify, use and generate explanatory models
and representations

Make and justify appropriate predictions

Offer explanatory hypotheses

Explain the potential implications of scientific
knowledge for society

Evaluate and design scientific enquiry

Identify the question explored in a given
scientific study.

Distinguish questions that could be investigated
scientifically

Propose a way of exploring a given question
scientifically

Evaluate ways of exploring a given question
scientifically

Describe and evaluate how scientists ensure the
reliability of data and the objectivity and
generalizability of explanations

Interpret data and evidence scientifically

Transform data from one representation to
another

Analyze and interpret data and draw appropriate
conclusions

Identify the assumptions, evidence, and reasoning
in science-related texts.

Distinguish between arguments that are based on

scientific evidence and theory and those based on
other considerations.

Evaluate scientific arguments and evidence from

different sources

Prepares solution by using the solutes and solvents from
daily life substances (Objective number F.7.4.3.2).
Designs an imaging tool using mirrors or lenses (Objective
number F.7.5.3.5)

Predicts and tests the environments in which sound can
propagate. (Objective number F.6.5.1.1)

Demonstrates the relationship between the sense of smell
and taste by designing experiment (Objective number
F.6.6.2.2)

Discuss the separation of mixtures in terms of their
contribution to the national economy and the effective use
of resources. (Objective number F.4.4.5.3)

No objectives

No objectives

Offers solutions to prevent acid rain (Objective number
F.8.4.4.7)

No objectives

No objectives

No objectives

Discusses the importance of freshness and naturalness of
foods for a healthy life based on research data. (Objective
number F.4.2.1.3))

No objectives

No objectives

No objectives

APPENDIX 5.

Typical objectives in the attitudes aspect of science literacy

Attitudes
Interest in science

Valuing scientific approaches to

Typical Objectives

No objectives
Discuss the consequences of consanguineous marriages. (Objective number

enquiry F.8.2.2.3)
Environmental awareness Takes an active role in the cleaning of the environment. (Objective number
F.3.6.2.2)
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TURKCE GENISLETILMIS OZET

Uluslararas1 Ogrenci Degerlendirme Programi (PISA) sonuglari, Tiirkiye’de egitim goren 15 yasindaki
Ogrencilerin bilgi toplumunun ihtiyaclarmi karsilayacak diizeyde fen okuryazari olmadiklarina dair
kanitlar saglamistir. Tiirkiye’de 15 yasindaki 6grencilerin biiyiik bir ¢ogunlugu (%96,7) ortadgretime
devam etmektedir. Yani, Tiirkiye’de 15 yasindaki 6grencilerin yaklasik %97’si, ilkokul ve ortaokul fen
programinin gereksinimlerini tamamlamistir. Halen uygulanmakta olan Fen Bilimleri Dersi Ogretim
Programi’nin (ilkokul ve ortaokul 3, 4, 5, 6, 7 ve 8. siniflar) temel amaglarindan biri fen okuryazari
bireyler yetistirmektir. Bu nedenle bu programi basariyla tamamlamis 6grencilerden, fen okuryazarlik
diizeyini degerlendirme amaci tasiyan PISA’da yiiksek performans gostermeleri beklenir. Bu
beklentinin aksine, 2015 PISA uygulamasinda Tiirkiye fen okuryazarlik puanina gére 35 OECD iilkesi
arasinda 34. sirada yer almistir. Ayrica ayni sinavda ileri diizey bilimsel diisiinme ve akil yiiriitme
becerileri gosterebilen 6grencilerin orani, toplam 6grencilerin % 1'inden daha azdir.

Tiirkiye'nin PISA’da elde ettigi gorece basarisiz sonuglara bir takim makul agiklamalar getirmek
miimkiindiir. Bunlarin bazilar1 egitim-6gretimde ebeveyn desteginin eksikligi, egitime 6zgii kaynaklarin
yetersizligi, okullar arasi ciddi basar1 farkliliklar1 ve 6grencileri ulusal sinavlara hazirlama kaygisi olarak
siralanabilir. Bunlarin yaninda gorece basarisizligin bir nedeni de, fen okuryazar 6grenci yetistirmek
igin gereken bilesenleri tam karsilayamayan ogretim programlari olabilir. Ogretmenler gretim
programlarint kazanimlart belirlemek, igerikleri hazirlamak, etkinliklere karar vermek gibi farkl
amagclarla kullanirlar. Ayrica 6gretim programlar bir 6gretmenin ne dgretecegine, nasil gretecegine,
ne zaman &gretecegine, nerede dgretecegine ve hatta neden dgretecegine karar vermesi adina bir rehber
niteligi tasir. Bu sebeple O6gretim programlarinin gesitli yonleriyle analiz edilmesi 6nemlidir. Bu
noktadan hareketle ortaya koyulan bu calismanin amaci, 2017 yilinda yayimlanan ve halen
uygulanmakta olan fen bilimleri 6gretim programinin fen okuryazar1 6grenci yetistirme potansiyelini,
PISA Fen Okuryazarligi Degerlendirme Cergevesi kullanarak analiz etmektir.

Fen okuryazarligi, PISA Fen Okuryazarligi Degerlendirme Cercevesinde en genel haliyle baglamlar,
bilgi, yeterlikler ve tutumlar olmak iizere dort boyutta ele alinmaktadir. Her bir alt boyut, ilgili yapiy1
ortaya koyacak sekilde detaylandirilmistir. Ornegin bu gergeve; yeterlikler boyutunu “olgular1 bilimsel
olarak agiklama”, “bilimsel sorgulama yontemi tasarlama ve degerlendirme” ve “verileri ve bulgulari
bilimsel olarak yorumlama” olarak agiklamistir. Bu ¢alismada bu g¢erceve kullanilarak 3. siniftan 8.
sinifa kadar uygulanmakta olan fen bilimleri 6gretim programinin biitlin kazanimlar1 analiz edilmistir.

PISA Fen Okuryazarligi Degerlendirme Cercevesinde baglamlar; kisisel, yerel/ulusal ve kiiresel olmak
tizere U¢ farkli kategoride ele alinmistir. Fen bilimleri 6gretim programi bu agidan incelendiginde,
programda yeterli miktarda baglam temelli kazamm bulunmadigi dikkat c¢ekmektedir. Ogretim
programinda baglami kisisel, yerel/ulusal ve kiiresel dlgekte sorunlar olan az sayida kazanim vardir. Bu
kazanimlar i¢inde kigisel baglamda saglik sorunlarini igeren kazanimlar, diger kazanimlara kiyasla daha
fazladir. Ote yandan kiiresel baglamin alt boyutlarindan gevresel kalite, kazanimlarda digerlerinden daha
fazla vurgulanmaktadir. Dogal kaynaklar ise en ¢ok yerel/ulusal baglamda vurgulanmaktadir.

PISA Fen Okuryazarligi Degerlendirme Cercevesinde bilgi; icerik bilgisi, siiregsel bilgi ve epistemik
bilgi olmak iizere li¢ farkli kategoride ele alinmigtir. Fen bilimleri 6gretim programi bilgi yoniinden
incelendiginde 3. smiftan 8. sinifa kadar biitiin smiflarda siiregsel bilgi, igerik bilgisine kiyasla
kazanimlarda daha az vurgulanmistir. Siiregsel bilgi boyutunda yer alan dl¢iim konulari, kazanimlar
icerisinde diger becerilere gore kendisine daha fazla yer bulabilmistir. Diger yandan kazanimlar
epistemik bilgi yoniinden oldukga yetersiz kalmigtir. Fen bilimleri dersi 6gretim programinda epistemik
bilgiyi dogrudan gelistirmeye yonelik higbir kazanima 4, 5, 6 ve 8. sinif diizeylerinde rastlanmamugtir.

PISA Fen Okuryazarligi Degerlendirme Cercevesinde yeterlikler; olgulari bilimsel olarak agiklama,
bilimsel sorgulama ydntemi tasarlama ve degerlendirme, verileri ve bulgular1 bilimsel olarak
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CANSIZ & CANSIZ; Tiirkiye 'de uygulanan fen bilimleri dersi ogretim programinin PISA fen okuryazarligi cergevesiyle
degerlendirilmesi

yorumlama olmak iizere ii¢ farkli kategoride ele alinmigtir. Kazanimlarda en ¢ok vurgulanan yeterlik,
olgular bilimsel olarak agiklama seklinde karsimiza ¢ikmaktadir. Diger iki yeterlik 6gretim programinin
kazanimlarinda nadiren vurgulanmaktadir.

PISA Fen Okuryazarligi Degerlendirme Cergevesinde tutumlar; fen bilimlerine duyulan ilgi, bilimsel
sorgulama yontemlerine verilen deger ve c¢evresel farkindalik olmak tizere ii¢ farkli kategoride ele
almmistir. Program kazanimlar1 bu ii¢ kategori arasinda en fazla ¢evresel farkindaliga odaklanmistir.
Kazanimlarda tutumlar agisindan gozlemlenen énemli noktalardan biri de, farkli sinif diizeylerinde fen
bilimlerine duyulan ilgiye yonelik dogrudan vurgu yapan higbir kazanim bulunmamasidir.

Ozetle, bu galigmanin iki genel bulgusu vardir: Ortaya konulan énemli bulgulardan ilki Tiirkiye’de
uygulanan Fen Bilimleri Dersi Ogretim Programi’nin fen okuryazarhigmin dért boyutunu dengeli bir
sekilde yansitmada yetersiz kaldigidir. Tkinci 6nemli bulgu ise fen bilimleri dersi dgretim programimin
daha ¢ok igerik bilgisine yogunlastigidir. Igerik bilgisi elbette herhangi bir programim 6nemli
bilesenlerinden biridir. Fakat siiregsel ve epistemik bilgiye de igerik bilgisi ile kiyaslanabilecek 6l¢iide
programda yer verilmelidir. Fen bilimleri dersi 6gretim programi Ogrencilere siiregsel ve epistemik
bilgiyi de kazandirabilecek sekilde tasarlanmalidir. Bu iki bilgi igerik bilgisiyle birlikte 21. yiizyilin
ihtiya¢ duydugu becerilere sahip bireyleri yetistirmede 6nem arz etmektedir. Giiniimiiz sanayi diinyasi
hipotez kurabilen, bu hipotezleri sinayabilecek deneyler tasarlayabilen, amaca yonelik veri toplayabilen
bireylere ihtiya¢ duymaktadir. Bireyler bu becerileri en iyi zorunlu egitim kademesi boyunca, 6zellikle
fen bilimleri dersinde, ilk elden deneyimleyerek kazanabilirler. Bu deneyimleri kazandirmay1
hedefleyen bir fen bilimleri dersi 6gretim programinin olmasi, fen okuryazari bireyler yetistirmede
atilacak 6nemli adimlardan biridir. Sonug olarak, gelecekte yapilacak program giincelleme ve gelistirme
caligmalarinda, fen okuryazarligin dort boyutunu dengeli bir sekilde yansitmak ve igerik bilgisinin
yaninda siire¢sel ve epistemik bilgiye de benzer vurgular yapmak, PISA benzeri uluslararasi sinavlarda
basarimizi artiracagi gibi fen okuryazari 6grenciler yetistirmede mesafeleri daha hizli kat etmemize
olanak saglayacaktir.
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