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Research Article

There is no empirical evidence in the literature regarding the problems encountered in
the use of single-level analyzes on hierarchical data and the implementation of a
single-multilevel structural equation model. In this study, the models were created by
using Structural Equation Modeling and Multilevel Structural Equation Modeling for
the effects of factors such as enjoyment in learning science, instrumental motivation,
scientific self-efficacy, hinderances in education, and hinderance to learning which are
claimed to predict Turkish students’ science performance who participated PISA 2015.
The effects of the predictive variables were estimated with two different single-level
models constructed by aggregating and disaggregating the data. Then, single-level
models are compared with the two-level model in terms of model fit and standardized
parameters. As a result, since it was observed that standard error in regression
coefficients decreased for the model which disregarded group levels, and variance-
within-groups was not included in the model which disregarded individual levels which
caused a data loss, the results were biased, and the effectiveness of the statistical test
was weakened. In light of the results of this study, some recommendations were
suggested for future studies which may consider dealing with analyzing hierarchical
data.
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Arastirma Makalesi

Hiyerarsik veriler Gizerinde tek diizeyli analizlerin kullanimi ile tek ve ¢ok diizeyli yapisal
esitlik modelinin uygulanmasinda karsilasilan sorunlara iliskin literattirde ampirik bir
kanit bulunmamaktadir. Bu ¢alismada, Turkiye’de PISA 2015 uygulamasina katilmis
bireylerin fen basarisini yordadigi dusinilen fen 6grenmekten zevk alma, fen
6greniminde aragsal gudilenme, fen 6z yeterligi, egitim siirecindeki engeller, 6grenme
engeli degiskenlerinin etkisi tek diizeyli ve ¢ok diizeyli yapisal esitlik ile modellenmistir.
Yordayici degiskenlerin etkileri, verilerin toplanmasi ve ayristiriimasi ile olusturulan iki
tek dizeyli model ile kestirilmis ve model uyumu ile standartlastirilmis parametreler
acisindan iki duzeyli model ile karsilastiriimistir. Sonug olarak grup diizeyi goz ardi
edilen modelde regresyon katsayilarina ait standart hatalarin azalmasindan, birey
dlizeyi gz ardi edilen modelde ise grup igi varyans analize dahil edilmediginden ve veri
kaybi yasanmasindan dolayi yanh sonuglar elde edilmis ve istatiksel testin glcini
azaltmistir. Bu sonuglarin, gelecekte hiyerarsik verilerde yapilacak ¢alismalarda
kullanilacak analizler igin arastirmacilara fikir sunmasi beklenmektedir.
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Introduction

Science is an organized human activity in which knowledge about the world is sought by the use of
methods such as describing, observing, and experimental investigation. Moreover, it is especially a
manner of discourse which expresses information in writing (Fang & Wei, 2010; Yore et al., 2004). This
definition emphasizes the importance of correctly interpreting science, in other words; scientific
literacy. One of the main objectives of scientific literacy is to enable individuals to make communications
together with other people on their understandings of science, procedures, and research, and thus
making conscious decisions and applying them (Yore et al., 2004). Accordingly, scientifically literate
individuals are expected to solve problems and take decisions by using scientific processes and skills,
acknowledge the importance of science in human life and thus be willing to explore the world and the
universe while also being aware of the conditions that may interfere these explorations (Anagiin, 2011;
Organisation for Economic Co-operation and Development [OECD], 2015). OECD (2017) emphasizes the
importance of scientific literacy by stating that scientific literacy plays a role in solving environmental,
medical, economic, etc. problems. OECD (2017) also stated that the bringing-up of students who have
high scientific literacy can affect the future high-tech sector and overall international competitiveness of
the country of which they are a citizen.

In order to raise scientifically literate individuals, studies are conducted to identify scientific literacy
rates after the necessary educational steps are taken. By measuring to what extend individuals are
scientifically literate, contributions are made to planning education. For this reason, one of the
internationally realized assessments is Programme for International Student Assessment (PISA
hereafter) by Organisation for Economic Co-operation and Development (OECD hereafter). Scientific
literacy of the students participating in PISA is defined as “being an active citizen by tackling with ideals
and endeavours related to science” (OECD, 2017). In addition to individuals’ sociodemographic features,
affective factors also affect this skill (Gardner, 1975). Accordingly, many studies were conducted on the
variables affecting scientific literacy of individuals (Acosta & Hsu, 2014; Hanrahan, 1999; Schroeder et
al.,, 2007). Many studies which aimed to investigate the factors affecting scientific literacy in Turkey
were conducted by using data from PISA (Bilican Demir & Yildirim, 2021; D6s & Atalmis, 2016; Kaya &
Dogan, 2017; Tas et al., 2016). Among the variables affecting scientific literacy, which are the subject of
this study, there are enjoyment of learning science, instrumental motivation for learning science,
scientific self-efficacy, hinderance in teaching, and hinderance in learning.

According to the results of the previous studies, the effects of enjoyment of learning science (Anil,
2009; Bussie're et al., 2007; Woods-McConney et al., 2013), instrumental motivation for learning
science (Woods-McConney, et al., 2013; Yu, 2012), scientific self-efficacy (Acar & Ogretmen 2012;
Bussie're et al., 2007; Woods-McConney et al., 2013), hinderance in teaching (Beese & Liang, 2010;
Greenwald et al., 1996; Ozkan et al., 2018) and hinderance in learning (Barutcu Yildirm & Demir, 2020;
Torok et al., 2018) on scientific literacy were found to be significant. To clarify these variables,
enjoyment of learning science can be stated as the interest or expressed liking for learning science;
instrumental motivation for learning science can be stated as the attitude towards the perception that
the course will contribute to future education and career; scientific self-efficacy can be stated as the
belief in students' ability to use their science skills effectively in real life and to cope with difficulties;
hinderance in teaching can be stated as the conditions that hinder the school's capacity to provide
instruction (e.g., lack of teaching stuff, lack of educational staff, or lack of physical infrastructure), and
hinderance in learning can be stated as the hinderance of the learning of students due to various
behaviors related to teachers and students (e.g., student truancy, lack of respect for teachers, or
teacher absenteeism). These variables, which are also discussed in the literature, are not always
obtained from a single level. To put it more clearly, these variables obtained from PISA are obtained
from students, school administrators, teachers, and parents. In this case, due to the use of some data
sets together, the data set takes on a gradual feature. For example, in studies investigating the variables
affecting student achievement, a hierarchical structure is formed because the variables obtained from
school administrators and students have effects on an individual-level dependent variable. Data
structure in a study has an effect on the data analysis method and the results. When the studies which
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investigate the variables affecting scientific literacy are examined, it can be observed that although the
data obtained from PISA tests were hierarchical, some studies used single-level analyses (Ozer & Anil,
2011; Usta & Cikrikgt Demirtash, 2014). Because single-level analyses of variance, regression, factor, and
structural equation modeling (SEM hereafter) depend on the independence of observations one
another, using them may cause difficulties when the data is hierarchical (Coker, 2009). When using
single-level analyses for hierarchical data problems such as obtaining biased estimations or losing power
in tests of significance by disregarding within group variation may occur due to making obligatory
decisions in choosing unit of analysis, change in the sensitivity of measurement, and methodological
constraints in estimations of parameters (Draper, 1995; Kaplan & Elliott, 1997; Raudenbush, 1995).
Consequently, it is suggested that multi-level analyses are used when conducting a study with
hierarchical data (Raudenbush & Bryk, 2002).

Before the discovery of multi-level analyses, researchers needed to disaggregate and aggregate the
dataset to conduct a single-level analysis (Heck, 2001). For example, a researcher who aims to examine
individuals’ satisfaction with life in each state could only conduct analyses on a group level for
aggregation regarding states, and on an individual level for aggregation in regard to the number of
individuals. The results for both approaches are only valid when either the effects do not differ between
groups or the affiliations to the group (states) are independent in all measurements. However, these
conditions are mostly never met, which causes difficulties (Raudenbush & Bryk, 2002). The statistical
and conceptual difficulties faced while approaching data hierarchic data with SEM led the way to the
emergence and development of multilevel modelling methods (Heck & Thomas, 2015).

Multilevel modelling provided some advantages in comparison to single-level modelling methods.
These advantages can be listed as a) imbalanced or loss data can be easily addressed, b) structural
relations between different levels of the hierarchy can be determined and measured, c) hypotheses in
different levels of the analysis can be tested, d) the validity of the suggested hierarchic structure can be
assessed through likelihood or Bayes tests, e) standard errors are estimated correctly, not lower than
the actual value, f) many modelling approaches can be used (Raudenbush & Bryk, 2002). Considering the
advantages it brings, multi-level models are expected to be preferred in hierarchical data.

Multilevel models are beneficial and necessary to the extent of which the analyzed data show
sufficient variation on all levels. Dividing variance into between and within group components provides
evidence for making the decision to use a multilevel analysis or not (Heck & Thomas, 2015). Determining
homogeneity between units in the same group emphasizes the dependence of the observations to the
group. Increase in the degree of homogeneity, in other words the intraclass correlation, makes it
necessary to conduct multilevel analyses (Can et al., 2011) and it is calculated by the following Equation
1 (Heck & Thomas, 2015):

p = 03/ + o) "

As seen in Equation 1, intraclass correlation (p) is equal to between group variance (Farmer, 2000).
Generally, in the case that intraclass correlation is larger than .05, it is recommended that multileveled
models are used (Dyer et al., 2005). However, in the case that it is larger than .70, it can be said that the
groups are homogeneous; thus, the analyses are needed to be made on group level by using
aggregation (Noyan, 2009).

Just as any other analysis, there are some limitations to multilevel modelling. One disadvantage of
this modelling is that it renders examining indirect relationships between variables insufficient. In other
words, analyses started to be made using structural equation modelling which has more than one level
and enable conducting simultaneous tests on each level (individual and group levels) of hierarchic data
(Uzun & Cokluk-Bokeoglu, 2019). Multilevel structural equation modelling (MLSEM hereafter) provides
the advantages of latent variables which serves as a direct mediator to aggregated data (Mehta & Neale,
2005).
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MLSEM is also known as multilevel latent variable modeling (Kaplan et al., 2009), multilevel
covariance structure analysis (Muthén, 1994; Yuan & Bentler, 2007), and multilevel covariance
component models (Goldstein, 1987) in the literature. Because the variables are identified in between
or within group levels in MLSEM which is composed of structural modelling components and measuring
model, covariance matrix for data obtained from individuals are also disaggregated into levels. Model
regarding the covariance structure of MLSEM is given in Equation 2 (Muthén, 1994):

ZT = ZW + ZB
ZB = ).LIJB).’ + ®B (2)
5, =¥, +0,

As seen in Equation 2, covariance structures (X;) in MLSEM are divided into within group (2,,) and
between groups (Xg) variance components. The equation shows the A factor loadings which identify
between groups components, W covariance matrix, and ® margin of error covariance matrix (Depaoli &
Clifton, 2015). For further information and related notations regarding estimation of covariance
structures in multilevel structural equation models, please see Muthén (1994), and Heck and Thomas
(2015).

Based on this information, and as the researchers have stated before, multilevel datasets continue to
be handled with single level analyses, and this may lead to misleading results. Observation of these
practices in studies conducted with the data of the country of origin of the researchers created a need
for researchers to provide evidence for the application of analyzes that should be used in the analysis of
multilevel data. For this reason, model comparison in order to present empirical evidence in the PISA
2015 Turkey data set constituted one dimension of this study. In the other dimension of the study, the
aim was to reveal the effects of the variables that are thought to affect scientific literacy with the results
obtained from the appropriate data analysis method. In line with these dimensions, this study aimed to
create models by using SEM and MLSEM to investigate the relationship between enjoyment of learning
science, instrumental motivation, scientific self-efficacy, hinderances in education, hinderance to
learning variables, and scientific literacy scores of 15-year-old Turkish students who took PISA 2015. In
line with these aims, this study sought to answer the following research questions:

1. To what extent do students’ enjoyment of learning science, instrumental motivation,
scientific self-efficacy, hinderances in education, and hinderance to learning variables
account for their scientific literacy scores?

2. What is the level of structural equation relationship between enjoyment in learning science,
instrumental motivation, scientific self-efficacy, hinderances in education, and hinderance
to learning variables when compared to multilevel structural relationship?

Method

This chapter of the study presents information about the design of the study, demographic features
of the sampling and population, data collection tools, and analysis of the data.

In this study, the relationship between enjoyment in learning science, instrumental motivation,
scientific self-efficacy, hinderances in education, and hinderance to learning variables, and scientific
literacy scores of 15-year-old Turkish students who took PISA 2015 was examined using structural
equation modelling. Since examining the relationship between several variables was the aim, this study
employed a correlational design (Blylikoztirk et al., 2014; Fraenkel et al., 2012). Concurrently, since the
aim was also to describe the current situation by conducting SEM and MLSEM with hierarchic data, it is a
descriptive study (Blyukoztirk et al., 2014).

Population and Sampling
The population of this study is the group of 1.324.089 students in Turkey who were between the age
of 15 years, 3 months, and 16 years, 2 months. In PISA 2015 tests, the individuals to be taken into
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sampling were identified in two steps. In the first step, the students were selected in consideration with
various groupings (education type, school type, location, and administrative manner of the school)
through random stratified sampling, and in the second step, students to participate in the test were
selected through random sampling. All 5.895 students selected by PISA from 187 different schools in
Turkey constitute the sample of this study. Distribution of these students regarding many variables are
given in Table 1.

Table 1.
Distribution of the Sample for PISA 2015 in Turkey
Class Grade Age
7th 8th 9th 10th 11th 12th 16
n % n % n % n % n % % n %

Female 6 02 42 14 494 168 2272 773 120 4.1
Male 10 03 63 21 779 263 2036 689 66 2.2
Total 16 03 105 1.8 1273 216 4308 73.1 186 3.2

0.1 2938 100
0.1 2957 100
0.1 5895 100

N W b~ S

Data Collection Tools

Mathematics, science and reading comprehension of the students are assessed by PISA triennially.
In order to explain the variance in students’ performance in the test, data were also collected through
questionnaire administered to students, family, and schools. In addition to demographic features of the
individuals, data regarding the psychological nature were also collected through the questionnaires.

The data collection tools of this study were OECD’s cognitive domain test for scientific literacy, and
questionnaires which were administered to the students and schools. The results of the cognitive
domain test were used as students’ scientific literacy scores. In the questionnaire administered to
students; ‘enjoyment in learning science’, ‘instrumental motivation towards learning science’, ‘scientific
self-efficacy’ scales were used, and in the questionnaire administered to schools; ‘hinderances in
education’, and ‘hinderance to learning’ scales were used. An increase in the result of the scales means
that the specified characteristics also increases in the group.

Cognitive domain test: To measure the students’ science performance, sub-tests of the cognitive
domain test were administered rather than the test as a whole; thus, the scientific literacy scores of the
students were obtained by estimating the likely answers they may give to all the questions. In PISA
2015, 10 plausible values (PV1SCIE, PV2SCIE, PV3SCIE, PV4SCIE, PV5SCIE, PV6SCIE, PV7SCIE, PV8SCIE,
PV9SCIE, PV10SCIE) were determined in relation to scientific literacy by OECD. The reliability of the test
for Turkish context was determined as Cronbach's a =.97.

Scale for enjoyment of learning science: In PISA 2015, five items (STO94QO01NA, ST094Q02NA,
ST094Q03NA, ST094Q04NA, STO94Q05NA) were used to determine the students’ level of enjoyment of
learning science. The internal consistency reliability for the scale for Turkish context was determined as
Cronbach's a =.95.

Scale for instrumental motivation for learning science: This scale was used to determine the
perception of students towards the benefit of science courses they take in school for their career plans
and education. The scale consists of 4 items (ST113Q01TA, ST113Q02TA, ST113QO03TA, ST113Q04TA).
The reliability of the scale for Turkish context was determined as Cronbach's a =.90.

Scale for scientific self-efficacy: This scale was used to determine the students’ level of perception for
their own knowledge and skills related to science in real world conditions. The scale includes 8 items
(ST129Q01TA, ST129Q02TA, ST129Q03TA, ST129QO04TA, ST129Q05TA, ST129Q06TA, ST129Q07TA,
ST129Q08TA). The reliability of the scale for Turkish context was determined as Cronbach's a =.89.

Scale for hinderance in teaching: Teaching staff, assisting staff, educational materials, deficiency in
physical infrastructure determine the hinderance in teaching, and to 8 items in the scale determine this
variable (SC017Q01NA, SC017Q02NA, SC017Q03NA, SC017Q04NA, SC017Q05NA, SC017QO06NA,
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SC017Q07NA, SC017Q08NA). The reliability of the scale for Turkish context was determined as
Cronbach's a =.89.

Scale for hinderance in learning: This scale identifies the hinderances in learning such as absence,
negligence, etc. of teachers or students. The scale consists of 10 items (SC061Q01TA, SC061Q02TA,
SC061Q03TA, SC061Q04TA, SC061QO05TA, SCO061QO06TA, SC061Q07TA, SCO61QO08TA, SCO061QO09TA,
SC061Q010TA). The reliability of the scale for Turkish context was determined as Cronbach's a =.83.

Data Analysis

Before conducting SEM and MLSEM in line with the purpose of the study, data were initially cleansed
and organized. After combining scientific literacy scores and questionnaires for students and schools, a
Missing Completely at Random (MCAR; Little, 1988) test was conducted. The results of the test showed
that missing data were not completely lost randomly (y?=1582.327, df=980, p<.05). Expectation—
maximization algorithm was chosen as the method to deal with data loss. After the missing data
analysis, the group sizes were determined. Due to group sizes for sample of Turkey in PISA 2015 tests
being larger than 100, secondary level groupings (schools) with sampling fewer than 10 for each group
were subtracted from the dataset (Hox et al., 2017, p. 216). As a result of the data cleansing, data from
5800 individuals in 161 schools were analyzed. After the cleansing process, the assumptions were tested
through linearity, homogeneity of variances, normality of residual tests. To establish the measurement
model, it was determined that the variances for residuals at the individual level were homogenous
(p=.548), there was a random pattern in the figure drawn between model residuals and dependent
variables, and the residuals were normally distributed.

Before establishing the structural models, some arrangements were made to dataset to test SEM.
Two separate datasets in which disregarded group level by disaggregation and individual level with
aggregation were arranged. These steps were then followed by the generating process of structural
equation models.

Arrangement of the data and the analyses regarding the reliability of measurement instruments
were conducted on SPSS 23.0 software. The assumptions of the study were tested on RStudio, with
‘Imed4’ package (Bates et al., 2015), and the model analyses regarding the research questions were
conducted on RStudio with ‘MplusAutomation’ package (Hallquist & Wiley, 2018). In model analyses,
MLF method in which the estimation of standard error is based on normal chi-square statistics and first
derivatives (Heck & Thomas, 2015). The R functions used in data analyses are presented in Appendix 1.

Models

In line with the aim and research questions of the study, SEM and MLSEM were created. The
indicators for the variables in the models are given in Table 2 below.

Table 2.

Indicators of the Variables in the Model
Variable Indicator Variable Indicator
PV1SCIE fbl PVISCIE fb9
PV2SCIE fb2 PV10SCIE fb10
PV3SCIE fb3 Science performance (Scientific literacy) fb
PVA4SCIE fb4 Enjoyment in learning science mza
PV5SCIE fb5 Instrumental motivation for learning science mag
PV6SCIE fb6 Self-efficacy in science moy
PV7SCIE fb7 Hinderance in education mee
PV8SCIE fb8 Hinderance in learning moe
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Two-level structural equation model (MLSEM)

Two-level structural equation model which was created in line with the aim and research questions
of the study is given in Figure 1. Continuous variables from fb1 to fb10 in the within group level of the
structural equation model are explained by fb latent variable. Since they represent random intercepts,
the continuous variables are shown in circles. In both levels, the variables are connected to the latent
variable; however, fb latent variable is explained by various variables in within and between group. For
within-groups level, mza, mag, moy and for between-groups level, mee, moe are the predicting variables
which explain the variation in latent variable. The model tests were named as ‘Model 1'.

Within-groups | Between-groups

mee
mza

mag

moe
moy

Figure 1. Two-levelled Structural Equation Model that was Tested (Model 1)

Structural equation model (SEM)

SEM which was created in line with the aim and second research question of the study is given in
Figure 2. The variables mza, mag, moy, mee, and moe which explain fb latent variable in the two-
levelled model explain science performance in SEM. The model which disregarded the group level by
disaggregation was named ‘Model 2’, and the model which disregarded individual level by aggregation
was named ‘Model 3'.
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bl —

mza

b3

mag
fb4

s
moy =

b6

mee

b8

moe

fbio +—

Figure 2. Structural Equation Model that was Tested (Model 2 — Model 3)

Findings

Intraclass correlation coefficients, which need to be higher than .05 to conduct multi-level model
analyses, are given in Table 3 below.

Table 3.
Intraclass Correlation Coefficients

Variables observed

fbl  fb2 fb3 fba fb5 fb6 fb7 fb8  fb9 fb10

Intraclass correlation

. 475 478 483 489 495 488 476 485 .488 .491
coefficients

It can be seen in Table 3 that correlation coefficients of the 10 observed variables regarding science
performance latent variable are between .475 and .495. Coefficients being larger than .05 and smaller
than .70 indicates that the individuals show homogeneity in the group; however, it also indicates that it
does not cause group homogeneity. According to these correlation coefficients, 48-49% of the total
variance observed in variables which represent science performance are caused by difference in schools.
In other words, while 48-49% of variance in students’ science performance (fb1-fb10) can be explained
by differences between schools, 51-52% can be explained by differences in students being taught within
the schools. In the light of these findings, it was determined that conducting SEM for this specific
dataset may cause biased parameter estimations, and thus, there was a need to create a multi-levelled
structural equation model. Since this study aims to provide empirical evidence for the effect of the use
of SEMs on model-fit indexes and parameter estimations when multi-levelled analyses are needed, both
SEM and MLSEM were used. Model 1 is a two-level model, Model 2 which was created by using data
made by disaggregation, and Model 3 which was created by using data made by aggregation were
structural equation models.
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Fit indices for two-levelled (Model 1) and single-levelled (Model 2 & 3) models which were created in

line with the aim of this study are given in Table 4.

Table 4.
Model Fit Indices
x2 x2/sd RMSEA CFl TLI SRMR
.004'
Model 1 155.701 1.353 .008 .999 .999 0067
Model 2 130.025 1.625 .010 .999 .999 .004
Model 3 139.928 1.749 .068 .990 .988 .006
i: within groups a: between groups

As seen in Table 4, SRMR index is .004 and .006 for between groups and within groups, respectively,
and other indices are calculated for both levels. The y2/sd ratio which rates data-model fit being smaller
than 2, RMSEA value being equal or smaller than .06, and CFl and TLI values being equal or larger than
.95 indicate that the data shows a good fit to the model (Hu & Bentler, 1999; Tabachnick & Fidell, 2012).
When fit indices for Model 1, 2, and 3 are examined, it can be stated that the data shows perfect fit to
the model. However, when the fit indices of the models are compared to each other, Model 1 relatively
shows a better fit. Factor loadings, regression coefficients, and standardized estimates for error

variances for SEMs and MLSEM are given in Table 5.

Table 5.
Standardized Parameter Estimates

Results for two-levelled structural equation model

Results for structural equation models

(Model 1) (Model 2 & 3)
Level/ Std. Model/ St.
Variables B Err. t P Variables B Error t P
Within Model 2
group
fb BY fb BY
fb1 .868 .004 194.573 .000 fbl 934 .002 487.255 .000
fb2 .881 .004 240.905 .000 fb2 941 .002 529.818 .000
fb3 .872 .004 238.275 .000 fb3 937 .002 514.149 .000
fo4 .875 .004 233.119 .000 fb4 .939 .002 519.848 .000
fb5 .872 .004 230.641 .000 fb5 .938 .002 523.595 .000
fb6 .873 .004 237.037 .000 fb6 .937 .002 509.248 .000
fb7 .876 .004 239.565 .000 fb7 .938 .002 521.884 .000
fb8 .872 .004 248.895 .000 fb8 935 .002 496.687 .000
fb9 .875 .004 217.448 .000 fb9 .939 .002 512.162 .000
fb10 .875 .003 252.746 .000 fb10 .939 .002 522.679 .000
fb ON fb ON
mza .165 .013 13.164 .000
mza 161 .016 10.235 .000 mag 002 013 0.128 898
moy -.101 .013 -7.791 .000
mag 000 019 0024 981 e 250 013 -18.558  .000
moy -.077 .016 -4.811 .000 moe -111 .014 -7.871 .000
Error Variance Error Variance
fbl .246 .008 31.749 .000 fb1l 127 .004 35.586 .000
fb2 223 .006 34.596 .000 fb2 114 .003 34.232 .000
fb3 .240 .006 37.546 .000 fb3 1123 .003 35.924 .000
fb4 234 .007 35.700 .000 fb4 119 .003 34.950 .000
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fb5 .240 .007 36.422 .000 fb5 119 .003 35.518 .000
fbb .238 .006 37.075 .000 fb6 121 .003 35.168 .000
fb7 .233 .006 36.354 .000 fb7 .120 .003 35.713 .000
fb8 .240 .006 39.305 .000 fb8 .125 .004 35.519 .000
fb9 .234 .007 33.304 .000 fb9 .119 .003 34.647 .000
fb10 234 .006 38.638 .000 fb10 .118 .003 35.055 .000
fb .964 .006 168.566 .000 fb .848 .009 93.581 .000
Between Model 3
Groups
fb BY fb BY
fbl .998 .001 767.421 .000 fbl .993 .002 600.224  .000
fb2 .998 .001 1069.992 .000 fb2 .994 .001 726.220  .000
fb3 .997 .001 896.949 .000 fb3 .993 .001 732.420 .000
fba .997 .001 883.131 .000 fb4 .994 .001 750.668  .000
fb5 .997 .001 919.439 .000 fb5 .994 .001 841.999 .000
fbb .996 .001 855.469 .000 fb6 .992 .002 622.269  .000
fb7 .997 .001 1102.504 .000 fb7 .994 .001 834.062  .000
fb8 .994 .002 540.576 .000 fb8 .990 .002  492.825 .000
fb9 .996 .001 729.800 .000 fb9 991 .002 535.639 .000
fb10 .997 .001 1004.562 .000 fb10 .993 .001 765.790  .000
fo ON fo ON

mza .318 .082 3.899 .000

mag .039 .081 0.486 .627
mee -.339 .106 -3.215 .001 moy 282 077 3.677 000

mee -.227 .084 -2.686 .007
moe -.159 .118 -1.344 .179 moe 062 088 -0.701 483
Error Variance Error Variance
fbl .005 .003 1.906 .057 fbl .014 .003 4.404 .000
fb2 .004 .002 2.262 .024 b2 .012 .003 4.362 .000
fb3 .007 .002 3.041 .002 b3 .014 .003 5.341 .000
fb4 .006 .002 2.688 .007 fb4a .013 .003 4.890 .000
fb5 .005 .002 2.310 .021 b5 .011 .002 4.785 .000
fbb .007 .002 3.189 .001 fb6 .016 .003 5.009 .000
fb7 .005 .002 2.860 .004 b7 .013 .002 5.365 .000
fb8 .013 .004 3.421 .001 b8 .019 .004 4.896 .000
fb9 .007 .003 2.704 .007 b9 .017 .004 4.709 .000
fb10 .007 .002 3.416 .001 fblo .013 .003 5.214 .000
fb .813 .072 11.348 .000 fb .601 .071 8.428 .000

When the factor loadings for Model 1 is examined, it is seen that within group factors are between
.878 and .881, and between group factor loadings are between .994 and .998. For Model 2 which was
established with data obtained from individuals, and Model 3 established with data from groups, the
loadings were between .934 and .941, and between .990 and .994, respectively. Considering this
information, for both two-levelled model and the SEMs, it was determined that factor loadings for
individual levels were smaller than group level factor loadings. Since error variance and factor loadings
have an inverse relationship, error variance for individual level in all groups were observed to be larger
than group levels. It was determined that all error variances except f1 variable, and all factor loading
values in all models were significant. Thus, although there is variance for error and factor loadings for
both SEM and MLSEM, these variances were not significant.

When the regression coefficients which predict science performance are examined in Model 1, it can
be determined that among enjoyment in learning science, instrumental motivation for learning science,

804



Akdogdu Yildiz, Demir & Gelbal — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(2), 2022, 795-824

and scientific self-efficacy variables, instrumental motivation for learning science was not determined as
a significant predictor within groups. Moreover, among the predicting variables, one unit of increase in
standard deviation in enjoyment in learning science will cause .161 increase for standard deviation in
predicted science performance of students, and one unit of increase in standard deviation in scientific
self-efficacy will cause .077 decrease. Predicting variables within groups explain 4% of the variance in
latent variable. Hinderance in learning were not significant predictors between groups. It was also
determined that one unit of increase for standard deviation in hinderances in education will cause .339
decrease in standard deviation. Predicting variables between groups explain 19% of the variance in
latent variable.

When the regression coefficients which predict science performance are examined in Model 2, it can
be determined that among enjoyment in learning science, instrumental motivation for learning science,
scientific self-efficacy, hinderance in education and hinderance in learning variables, instrumental
motivation for learning science was not determined as a significant predictor, either; however, in
contrast to the two-levelled model, hinderance in learning is significant along other predictors.
Furthermore, one unit of increase in standard deviation in enjoyment in learning science will cause .165
increase for standard deviation in predicted science performance of students, one unit of increase in
standard deviation in scientific self-efficacy will lead .101 decrease, one unit of increase in standard
deviation for hinderances in education will produce .250 decrease, and one unit of increase in standard
deviation for hinderances in learning will cause .111 decrease for standard deviation. Predicting
variables in Model 2 explain 15% of the variance in latent variable.

When Model 3 is examined, it can be seen that the significance level of regression coefficients level
of enjoyment in learning science, instrumental motivation for learning science, and scientific self-
efficacy variables are the same as two-levelled model. One unit of increase in standard deviation in
enjoyment in learning science will cause .318 increase in predicted science performance, one unit of
increase in standard deviation in scientific self-efficacy will cause .282 decrease, one unit of increase in
standard deviation for hinderances in education will cause .227. Predicting variables in Model 3 explain
40% of the variance in latent variable.

Discussion, Conclusion & Recommendations

This study examined variables which are estimated to predict science performance in two-levelled
structural equation model between schools and among students. In addition, this study offers empirical
evidence regarding the use of structural equation models with hierarchic data.

It was determined through intraclass correlation coefficient that variables observed to affect science
performance significantly vary between groups. It was determined that 48-49% of the variance observed
in variables which represent science performance (fb1-fb10) were caused by difference in schools, and
51-52% were caused by differences in students at the same school. The two-levelled structural equation
model, which was created after establishing the fact that the difference between schools were larger
than 5%, was validated in accordance with fit indices.

When the variables in the model were examined, it was determined that the variables of
instrumental motivation and hinderance in learning science learning did not significantly predict
scientific literacy. Yetisir et al. (2018) found similar results with the results of this research in their study,
as they examined the effect of instrumental motivation on scientific literacy. However, in the study
conducted by OECD (2016), it was concluded that instrumental motivation was a significant predictor of
scientific literacy. ilhan (2015) stated that if a student believes that the information he/she learns in the
lesson will be beneficial in his/her life and career, the student's effort towards this lesson can increase
(as cited in Glingdr, 2019). However, the effect of instrumental motivation on achievement varies
according to culture (Kjaernsli, & Lie, 2011; Yu, 2012). For this reason, there may be differences between
the results of studies conducted with different countries and studies in Turkish culture. As stated, the
effect of instrumental motivation depends on the perceived effect of learned information on career
plans. The fact that individuals in Turkish culture have difficulty in making career planning due to the
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changes in the country's education system may have changed the effect of instrumental motivation on
scientific literacy. However, there is a limited number of studies examining the effect of instrumental
motivation on scientific literacy in Turkish culture. Therefore, more studies are needed to be able to use
strong statements about the prediction level of this variable. Moreover, no study was found in the
literature examining the variable ‘hinderance in learning’ and this study found out that it is not a
predictor of science performance the results indicate a significantly negative relationship between this
variable and science performance. Many studies determined the negative effects of absence of teacher
or students, drug use among students, and bullying among students which also constitute hinderance in
learning variable in this study (Finlayson, 2009; Hanson et al., 2003; Konishi et al., 2010). Accordingly, it
is recommended that future studies investigate the effects of instrumental motivation and hinderances
in learning variables on science performance. However, in this study, hinderances in learning were
analyzed using an index variable. The index variable defined by PISA includes many factors related to
hinderances in learning. These factors include barriers originating from both students and teachers.
Therefore, since data from both students and teachers of a particular sample will be under the same
variable, obstacles or supports arising from the teacher or student group may be neutralized by the
other group. With this point of view, it is recommended that researchers examine the effects of
instrumental motivation and hinderances in learning on science performance.

It was determined that enjoyment in learning science had a low positive effect on science
performance. One unit of increase in students’ level of enjoyment in learning science would result in
.161 standard deviation increase. In the report published by OECD (2016), it was stated that this variable
had an indirect effect on science performance. Moreover, Yetisir et al. (2018) also concluded that the
variable had a positive effect. Therefore, it is recommended that students are provided with learning
environments in which they have the opportunity to enjoy, be content, and actively participate in
learning science.

The effect of scientific self-efficacy on science performance was low and negative; meaning that one
unit of increase in students’ self-efficacy would cause .077 standard deviation decrease. Nevertheless, in
many studies, it was reported that scientific self-efficacy had a positive effect on science performance
(Aktamis et al., 2016; Kirbulut, & Uzuntiryaki-Kondakci, 2019; Ugras, 2018) and even, the best predicting
variable for science performance (Bircan, 2015; Uzun et al., 2010). Moreover, Bandura (1994) stated
that self-efficacy is an important factor that affects an individuals’ performance level. This finding of the
study could not be supported by the related literature. However, in some studies, it is stated that there
is no relationship between science self-efficacy and scientific literacy (Jamil & Mahmud, 2019). It is also
stated that there may be mediating variables involved in the effect of self-efficacy on literacy
(Doménech-Betoret et al., 2017). Based on these studies, it can be said that more studies are needed to
examine the relationship between science self-efficacy and scientific literacy.

Another variable in the models which was thought to predict science performance was hinderances
in education. Hinderances in education, which determined the level of adequacy in number of teachers
at school, physical conditions, and resources had moderate level negative effect on science
performance. One unit of increase in hinderances in education would cause .339 standard deviation
increase for science performance. This result showed a general alignment with the literature which puts
forward that hinderances in education is systematically related to students’ performance, and this
relationship carries significance (Greenwald et al., 1996; Hedges et al., 1994). Conversely, however,
Hanushek (1997) emphasized that there was no relationship between students’ performance and school
resources. Similar to the studies in the literature, the research in this study found out that removing
hinderances in education was proven to increase performance for students, and providing opportunities
will support students in education. Thus, accommodating students’ education-learning environments
will yield better performance for them (Al Sensoy & Sagsdz, 2015). In line with this finding, lack of
teachers, information technology materials, library, laboratory, and physical infrastructure should be
eliminated, and the qualifications of the teachers should be increased.
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In addition to examining the predicting effect of variables on science performance, this study also
sought to answer the question ‘To what extent do the structural equation models and multi-level
structural equation model which included variables differ for individual and school groups?’. Before
comparing the parameter and fit indices for the models, intraclass correlation coefficients of the
observed variables were examined, and it was determined that multi-levelled analyses were needed for
the data. After examining the studies which made use of hierarchic data in the literature, and
conducting aggregation and disaggregation, structural equation models were compared to multi-level
structural equation model. Although difference in factor loadings in standardized parameters, error
variances, and standard errors of these parameters was insignificant and at a low level for SEM and
MLSEM, it was seen that there were significant differences in regression coefficients and standard
errors. While hinderances in learning did not significantly predict science performance in regression
coefficient obtained in Model 1 (two-levelled), it predicted science performance in Model 2 (disregarded
group levels). This was caused by the high level of homogeneity among the students in schools, and
thus; standard errors in regression coefficients created biased estimations in predictions (Heck, 2001;
Hox et al., 2017; Muthén & Satorra, 1995). In Model 1 and Model 3 (disregarded individual groups), it
was seen that although similarities occurred in significance for regression coefficients, the effects of
within group predictors on latent variable were higher than they actually were. This was caused by not
including within group variances into the analysis (Heck, 2001; Kaplan & Elliot, 1997). Moreover, a
significant increase was observed for within group predictors. The reason for this finding was that the
decrease in the efficiency of statistical test due to the data loss occurred during transforming individual
level data into group level (Heck, 2001; Kaplan & Elliot, 1997). The results obtained from the three
models indicated that use of two-levelled models were more appropriate for hierarchic data in terms of
model fit indices. Results and conclusions obtained from comparison of analyses in the study presented
ideas and suggestions for future research. In summary, using single level analyzes in hierarchical data
yields inaccurate results regarding the relationships between the variables and this may lead to
inaccurate interpretations and inferences.

Comparisons in this study were limited to the data obtained from Turkey for the science cognitive
subdomain and student and school administrator questionnaires. In future research, more extensive
comparisons can be made by including reading and/or mathematics cognitive subdomains, different
countries and teacher questionnaires in the analysis.
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Tiirkge Siirimui

Giris

Fen, dogal dinya hakkinda bilgiyi tanimlama, gbézlem yapma, deneysel inceleme gibi bilimsel
yontemleri kullanarak arayan 6rgitli bir insan etkinligidir. Ek olarak, elde edilen bilgiyi 6zellikle yazili dili
kullanarak ifade eden bir soylem bicimidir (Yore vd., 2004; Fang & Wei, 2010). Bu tanimlama ile dogada
var olan bilimi dogru sekilde okumanin ve yazi diline aktarmanin yani fen okuryazarliginin da 6nemi
vurgulanmaktadir. Fen okuryazarliginin temel amaclarindan biri, bireylerin diger insanlarla arastirmalar,
prosedirler ve bilim anlayiglari hakkinda iletisim kurabilmesini ve bdylece bilingli kararlar alarak
uygulamalarini saglamaktir (Yore vd., 2004). Dolayisiyla fen okuryazari olan bireylerin giinlik yasaminda
fene dair kavram, yasa ve ilkeleri kullanabilmesi, bilimsel sure¢ ve becerileri kullanarak problem ¢ézmesi
ve karar almasi, fenin insan yasamindaki onemini fark etmesi ve bu sebeple diinyayl ve evreni
kesfetmeye istekli ayni zamanda kesiflerine engel olabilecek durumlarin farkinda olmasi beklenmektedir
(Anagiin, 2011; Ekonomik isbirligi ve Kalkinma Orgiiti [OECD], 2015). OECD (2017) fen okuryazarliginin
onemini gevresel, tibbi, ekonomik vb. sorunlarin ¢éziimiinde fen okuryazarliginin rol aldigini belirterek
vurgulamaktadir. OECD (2017) ayrica, fen okuryazarligi yiksek bireylerin yetismesinin, 6grencilerin
vatandas! olduklan lkenin gelecekteki ileri teknoloji sektoriinii ve genel uluslararasi rekabet giiclini
etkileyebilecegini belirtmistir.

Fen okuryazari bireyler yetistirebilmek icin gerekli egitim silreclerinin ardindan okuryazarhk
dizeylerini belirlemeye yonelik calismalar yapilmaktadir. Bireylerin fen okuryazari ozelliklerini ne
diizeyde tasidiklari olgllerek egitim sureclerinin planlamasina katki saglanmaktadir. Bu amagla
uluslararasi diizeyde gergeklestirilen degerlendirme calismalarindan biri Ekonomik isbirligi ve Kalkinma
Orgiitinin  (OECD) dizenledigi Uluslararasi Ogrenci Degerlendirme Programi (Programme for
International Student Assessment-PISA)’dir. PISA’ya katilan 6grencilerin fen okuryazarhigi “etkin bir
vatandas olarak fenle ilgili fikirlerle ve fenle alakali meselelerle ugrasabilme becerisi” olarak
tanimlanmaktadir (OECD, 2017). Bireylerin bu becerilerini etkileyen sosyodemografik o6zelliklerin yani
sira duyussal faktorler de bulunmaktadir (Gardner, 1975). Bu sebeple bireylerin fen okuryazarhgini
etkileyen degiskenlere yonelik bircok calisma yapilmistir (Acosta & Hsu, 2013; Hanrahan, 1999;
Schroeder vd., 2007). Turkiye’de fen okuryazarhigini etkileyen faktoérleri incelemek icin yapilan
¢alismalarin bircogu PISA verileri kullanilarak gergeklestirilmistir (Bilican Demir & Yildirim, 2021; Dos &
Atalmis, 2016; Kaya & Dogan, 2017; Tas vd., 2016). Fen okuryazarligini etkileyen degiskenler arasinda bu
¢alismaya da konu olan fen 6grenmekten zevk alma, fen 6greniminde aragsal gldilenme, fen 6z
yeterligi, egitim siireci engeli ve 6grenme engeli yer almaktadir.

Daha 6nceki arastirmalarin sonuglarina gore fen 6grenmekten zevk alma (Anil, 2009; Bussie're vd.,
2007; Woods-McConney vd., 2013), fen 6greniminde aragsal gidilenme (Woods-McConney, vd., 2013;
Yu, 2012), fen 6z yeterligi (Acar & Ogretmen 2012; Bussie're vd., 2007; Woods-McConney vd., 2013),
egitim siireci engeli (Beese & Liang, 2010; Greenwald vd., 1996; Ozkan vd., 2018) ve 6grenme engeli
(Barutgu Yildirrm & Demir, 2020; Torok vd., 2018) degiskenlerinin fen okuryazarligi izerindeki etkisi
anlamli bulunmustur. Fen 6grenmekten zevk alma, fen 6grenmeye karsi ilgi veya disavurulan begeni;
aragsal glidiilenme, dersin gelecekteki egitim ve kariyere katkisi olacagl algisina yonelik tutum olarak
seklinde ifade edilebilir. Ayrica fen 6z yeterligi, 6grencilerin fene iliskin becerilerini ger¢cek yasamda etkin
bir sekilde kullanabilme ve karsilasilan zorluklarla bas edebilme diizeylerine olan inang; egitim slreci
engeli, okulun egitim verme kapasitesini engelleyen kosullar/durumlar (6rnegin, 6gretmen eksikligi,
o6gretim materyali eksikligi veya fiziksel altyapi eksikligi) ve 6grenme engeli ise 6grenmelerin 6gretmen
ve Ogrencilere bagl cesitli davranislardan dolayi engellenmesi (6rnegin, 6grencilerin okuldan kagmasi,
ogretmenlere saygisizlik veya 6gretmen devamsizligl) olarak agiklanabilir. Literatliirde de ele alinan bu
degiskenler daima tek bir diizeyden elde edilmemektedir. Daha agik bir ifadeyle, PISA’dan elde edilen bu
degiskenler 6grenciler, okul yoneticileri, egiticiler ve ebeveynlerden elde edilmektedir. Bu durumda bazi
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veri setlerinin birlikte kullanimindan kaynakh olarak veri seti asamali bir 6zellige burinmektedir.
Ornegin, bireyin basarisini etkileyen degiskenlerin arastirildigi  ¢alismalarda, birey ve okul
yoneticilerinden elde edilen degiskenlerin birey diizeyindeki tek bir bagimh degiskene yonelik etkileri
oldugundan hiyerarsik bir yapi olusturmaktadir. Veri yapisi arastirmada kullanilacak veri analizi
yontemine ve arastirmanin sonuglarina etki etmektedir. PISA uygulamalarindan elde edilen veriler
asamali bir oOzellik tasimasina ragmen fen okuryazarligini etkileyen faktorleri incelemek igin bazi
calismalarda tek diizeyli analiz yéntemlerinin kullanildigi gériilmektedir (Ozer & Anil, 2011; Usta &
Cikrikgi Demirtagh, 2014). Varyans analizi, regresyon analizi, faktor analizi, yapisal esitlik modellemesi
gibi tek duzeyli analizler, gézlemlerin birbirlerinden bagimsiz olmasi varsayimina dayandigindan asamali
veri yapisina sahip iken kullanilmasi bazi sorunlarin gikmasina yol agmaktadir (Coker, 2009). Tek duzeyli
modellerin hiyerarsik verilere uygulanmasinda, analiz birimini belirlemede zorunlu se¢im yapma, élgme
hassasiyetinin degisimi, parametre tahminleri icin yontem sinirlamasi, yanh kestirimlerin elde edilmesi,
grup ici varyasyon goz ardi edilmesinden dolayi anlamlilik testlerinin glicinin azalmasi gibi sorunlarla
karsilasilmaktadir (Draper, 1995; Kaplan & Elliott, 1997; Raudenbush, 1995). Bu sebeple hiyerarsik veri
yapisi lzerinde ¢alisma yiratillyorsa ¢ok diizeyli analizlerin kullanilmasi 6nerilmektedir (Raudenbush ve
Bryk, 2002).

Cok dizeyli analizler bulunmadan 6nce, arastirmacilar tek bir diizeyde analiz edilebilecek bir veri
kiimesi olusturmak icin degiskenleri hiyerarsik bir yapida ayirmasi (disaggregation) ya da birlestirmesi
(aggregation) gerekiyordu (Heck, 2001). Ornegin, ABD’de tiim eyaletlerde bireylerin yasam doyumlarini
incelemek isteyen bir arastirmaci veri setinde eyaletlere gore yaptig birlestirme yaklasiminda sadece
grup dizeyinde, bireylerin sayisina gore yaptigl ayrisma yaklasiminda ise sadece birey dizeyinde
analizleri gergeklestirebilmekteydi. Her iki yaklasimda da elde edilen sonuglar biitiin 6élglimlerdeki grup
(eyalet) Uyelikleri bagimsizsa veya etkiler gruplarda farklilik gostermezse gegerlidir. Ancak bu kosullar
¢ogunlukla saglanmaz ve bazi sorunlara yol agar (Raudenbush & Bryk, 2002). Birlestirme yaklasiminda
bilgi, glic kaybina ve katsayilarin yanls yorumlanmasina, ayirma yaklasiminda gruplar arasi degiskenlik
gbz ardi edilmesine sebep olur (Raudenbush & Bryk, 2002). Hiyerarsik yapidaki verilerle tek dizeyli
modelleme ile yliritilen ¢alismalarda karsilasilan istatiksel ve kavramsal sorunlar ¢ok diizeyli modelleme
tekniklerinin gelisimini saglamistir (Heck & Thomas, 2015).

Cok duzeyli modelleme tek diizeyli analiz yontemlerine gore bazi avantajlar saglamistir. Bu
avantajlari su sekilde ifade edilebilir: a) dengeli olmayan ve kayip veriler kolaylikla ele alinabilir, b)
hiyerarsinin farkli duzeylerindeki yapisal iliskiler belirlenebilir ve &lgllebilir, c) analizin farkli
diizeylerindeki hipotezler test edilebilir, d) dnerilen hiyerarsik yapinin gegerligi olabilirlik veya Bayes
testleriyle degerlendirilebilir, e) standart hatalar oldugundan daha disiik degil dogru olarak kestirilir, f)
cok sayida modelleme yaklasimi kullanilabilir (Raudenbush & Bryk, 2002). Getirdigi avantajlar géz 6niine
alindiginda hiyerarsik verilerde ¢ok diizeyli modellerin tercih edilmesi beklenmektedir.

Cok duzeyli modeller, analiz edilen verilerin her seviyede yeterli varyasyon sagladigi 6lctude faydalidir
ve gereklidir. Varyansi grup ici ve gruplar arasi bilesenlerine bolmek, c¢ok dizeyli bir analizin
gerekgelendirilip gerekgelendiriimemesine karar vermek icin arastirmacilara kanit saglar (Heck &
Thomas, 2015). Ayni grupta bulunan birimler arasindaki homojenlik derecesini belirlemek gbzlemlerin
gruba bagimhhgini vurgulayacaktir. Homojenlik derecesinin, yani sinif ici (intraclass) korelasyonunun
artmasi ¢cok diizeyli analizleri gerekli kilmaktadir (Can, Somer, Korkmaz, Dural ve Ogretmen, 2011) ve

p = 02/(0} + 03) &

esitligi ile hesaplanmaktadir (Heck & Thomas, 2015). Esitlik 1’de gorildigu tzere sinif igi korelasyon (p),
gruplar arasi varyansin toplam varyansa oranidir (Farmer, 2000). Genel olarak sinif ici korelasyon
0.05’ten bliyik olmasi durumunda ¢ok diizeyli modellerin kullanilmasi énerilmektedir (Dyer vd., 2005).
Ancak 0.70’ten blyik olmasi durumunda ise gruplarin homojen oldugu soylenebilir. Bu sebeple
birlestirme yaklasimi kullanilarak grup diizeyinde analizlerin yiritilmesi gerekmektedir (Noyan, 2009).
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Her analizde oldugu gibi ¢cok diizeyli modellerin de kisitlamalari bulunmaktadir. Dezavantajl yonlerinden
birisi degiskenler arasindaki dolayl iligkilerin arastirilmasini yetersiz kilmasidir. Yani hiyerarsik verinin her
bir diizeyinde (birey ve grup dizeyi) eszamanli testlere imkan veren birden ¢ok diizeye sahip yapisal
esitlik modellemeleri ile ¢oziimlemeler yapilmaya baslanmistir (Uzun & Cokluk Bokeoglu, 2019). Cok
dizeyli yapisal esitlik modelleri (CDYEM), kiimelenmis verilere dogrudan ve aracilik etkisi olan gizil
degiskenlerin ve daha karmasik yol modellerinin avantajlarini saglar (Mehta & Neale, 2005).

CDYEM alanyazinda ¢ok dizeyli o6rtik degisken modelleri (multilevel latent variable modeling) (Kaplan
vd., 2009), ¢ok dizeyli kovaryans yapi analizi (multilevel covariance structure analysis) (Muthén, 1994;
Yuan & Bentler, 2007), ¢ok dizeyli kovaryans bileseni modelleri (multilevel covariance component
models) (Goldstein, 1987) olarak da bilinmektedir. Olgme modeli ve yapisal model bilesenlerinden
olusan CDYEM’de degiskenler grup ici ve gruplar arasi seviyelerde tanimlandigindan dolayi bireylerden
elde edilen verinin kovaryans matrisi de dizeylere ayrilmaktadir. CDYEM’in kovaryans yapisina iliskin
model Esitlik 2’de verilmistir (Muthén, 1994):

ZT = ZW + ZB
ZB = /’{lPB/’{’ + G)B (2)
5, =AW, X +0,

Esitlik 2'de gorildiglu Uzere CDYEM’de toplam kovaryans yapilar (X;) grup icinde (X,,) ve gruplar
arasinda (X) varyans bilesenlerine ayrilmistir. Grup igi ve gruplar arasi bilesenleri tanimlayan A faktor
yiklerini, W kovaryans matrisini ve © hata kovaryans matrisini géstermektedir (Depaoli & Clifton, 2015).
Cok duzeyli yapisal esitlik modellerinde kovaryans yapilarinin kestirimine iliskin notasyon ve
derinlemesine bilgi icin Muthén (1994) ile Heck ve Thomas (2015) yayinlari incelenebilir.

Bu bilgilerden hareketle ve arastirmacilarin daha 6nce ifade ettigi lzere, ¢cok dizeyli veri setleri tek
dizeyli analizlerle ele alinmaya devam edilmektedir ve bu durum, yanilticc sonuglara neden
olabilmektedir. Bu uygulamalarin arastirmacilarin vatandasi oldugu Ulkenin verileri ile yapilan
¢alismalarda gozlenmesi, arastirmacilara ¢ok dizeyli verilerin analizinde kullanilmasi gereken analizlere
yonelik uygulama igin bir kanit sunma ihtiyaci olusturmustur. Bu sebeple PISA 2015 Tiirkiye veri setinde
ampirik kanitlar sunmak amaciyla model karsilastirmasi, bu ¢alismanin bir boyutunu olusturmustur.
Calismanin diger boyutunda ise uygun veri analiz yonteminden elde edilen sonuglarla, fen okuryazarligini
etkiledigi distnulen degiskenlerin etkisini ortaya koymak hedeflenmistir. Bu boyutlar dogrultusunda
arastirmada Tirkiye’de PISA 2015 uygulamasina katilmis 16 yasindaki bireylerin fen okuryazarhgi
puanlari ile fen 6grenmekten zevk alma, fen 6greniminde aragsal gidilenme, fen 6z yeterligi, egitim
surecindeki engeller, 6grenme engeli degiskenleri arasindaki iliskinin ¢ok dizeyli ve tek dizeyli yapisal
esitlik ile modellenmesi amacglanmistir. Bu amaclara goére asagida yer alan problemlere vyanit
aranmaktadir:

1. Ogrenci dizeyinde fen okuryazarlig puani; fen dgrenmekten zevk alma, fen 6greniminde
aragsal gldilenme, fen 0z yeterligi, okul diizeyinde; egitim sirecindeki engeller, 6grenci
6grenmelerine engeller degiskenleri ile ne diizeyde agiklanmaktadir?

2. Ogrencilerin fen 6grenmekten zevk alma, fen 6greniminde aragsal giidillenme, fen 6z yeterligi,
egitim silirecindeki engeller, 6grenme engeli degiskenlerinin fen okuryazarligr puani ile tek
diizeyli yapisal iliskisi, cok diizeyli yapisal iliskisine gore ne diizeydedir?

Yontem

Arastirmanin bu bélimde arastirma modeline, evren-6rneklem 6zelliklerine, veri toplanma araglarina
ve verilerin analizine iliskin bilgilere yer verilmistir.

Arastirma Modeli

Bu calismada Tirkiye’de PISA 2015 uygulamasina katilmis 16 yasindaki bireylerin fen okuryazarhgi
puanlari ile fen 6grenmekten zevk alma, fen 6greniminde aragsal gidilenme, fen 6z yeterligi, egitim

810



Akdogdu Yildiz, Demir & Gelbal — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 51(2), 2022, 795-824

surecindeki engeller, 6grenme engeli degiskenleri arasindaki iliski yapisal modelleme vyoluyla
incelenmistir. Calismada iki ya da daha fazla degisken arasindaki iliskileri belirlemek esas oldugu igin
galismanin tlrl korelasyonel arastirmadir (Buytkoztirk vd., 2014; Fraenkel vd., 2012). Ayni zamanda
hiyerarsik yapili verilerde iki diizeyli ve tek diizeyli yapisal esitlik modellemesi gerceklestirilerek var olan
durumun ortaya gikarilmasi amaclandigi icin betimsel bir calismadir (Blylikoztirk vd., 2014).

Evren-Orneklem

Bu arastirmanin evrenini 2015 yilinda Tirkiye’de 6grenim goren 15 yas 3 ay ve 16 yas 2 ay
arahgindaki 1.324.089 bireyden olusturmaktadir. PISA 2015 uygulamasinda 6rnekleme alinacak bireyler
iki asamada belirlenmektedir. ilk asamada okullar, cesitli tabakalar (egitim tirii, okul tiirii, okullarin
bulunduklari yer ve okullarin idari bigimleri) dikkate alinarak tabakal segkisiz 6rnekleme, ikinci asamada
ise bu okullarda uygulamaya katilacak olan 6grenciler seckisiz yontemiyle belirlenmektedir. PISA
tarafindan Tirkiye’de 187 okuldan rastgele secilen 5895 6grencinin tamami bu g¢alismanin 6rneklemini
olusturmaktadir. Orneklemi olusturan égrencilerin gesitli degiskenler bakimindan dagihimlarina iliskin
bilgiler Tablo 1’de sunulmustur.

Tablo 1.
PISA 2015 Tiirkiye Uygulamasina lliskin Orneklem Dagilimi
Sinif diizeyi Yas
7. sinif 8. sinif 9. sinif 10. sinif 11. sinif 12. sinif 16
n % n % n % n % n % n % n %

0.1 2938 100
0.1 2957 100
0.1 5895 100

Kadin 6 02 42 14 494 16.8 2272 773 120 4.1
Erkek 10 03 63 21 779 263 2036 689 66 22
Toplam 16 03 105 1.8 1273 21.6 4308 73.1 186 3.2

N w b

Veri Toplama Araglari

Matematik, fen ve okudugunu anlama alanlarinda her (g yilda bir 6grencilerin performansi PISA
tarafindan degerlendirilmektedir. Bu degerlendirme siirecinde 6grenci performanslarindaki farkliliklari
actklamak icin 6grenci, aile ve okul anketleri ile de veri toplanmaktadir. Bu anketlerde bireylerin
demografik 6zelliklerinin yani sira psikolojik yapilara iliskin de veriler elde edilmektedir.

Bu arastirmada 6lgme araglari olarak OECD tarafindan hazirlanan fen okuryazarligi bilissel alan testi,
o6grenci ve okul anketleri kullanilmistir. Bilissel alan testinden aldiklari puanlar 6grencilerin fen
okuryazarligi puanlari olarak kullanilmistir. Ogrenci anketinde; “fen 6grenmekten zevk alma”, “fen
o6greniminde aragsal gidilenme”, “fen 6z yeterligi” 6lgekleri, okul anketinde; “egitim siireci engeli”,
“dgrenme engeli” dlgekleri kullanilmistir. Olgeklerden alinan puanlarin yiikselmesi belirtilen 6zelligin
grupta arttig anlamina gelmektedir.

Bilissel alan testi: PISA uygulamasinda bireylerin fen basarilarini 6lgmek amaciyla bireylere biligsel
alan testinin tamami uygulanmamakta ve testte yer alan alt testleri yanitlamaktadirlar. Bu sebeple
6grencilerin bitin sorulara verebilecegi olasi yanitlarin kestiriminden yararlanilarak fen okuryazarligi
puanlari elde edilmektedir. PISA 2015 uygulamasinda OECD tarafindan fen okuryazarhigina iliskin on olasi
deger (PV1SCIE, PV2SCIE, PV3SCIE, PVASCIE, PV5SCIE, PV6SCIE, PV7SCIE, PV8SCIE, PVISCIE, PV10SCIE)
kestirilmistir. Testin glvenirligi TUrkiye icin 0,97 olarak belirlenmistir.

Fen d&grenmekten zevk alma dlgegi: PISA 2015te Ogrencinin okumaktan zevk alma dlzeyini
belirlemek amaciyla 5 madde (STO94Q01NA, ST094Q02NA, STO94Q03NA, ST094Q04NA, ST0O94Q05NA)
kullanilmistir. Olcegin ic tutarlilik anlamindaki giivenirligi Tirkiye icin 0,95 olarak hesaplanmistir.

Fen 6greniminde aragsal giidiilenme 6icedi: Ogrencilerin okulda gordiikleri fen dersinin egitim ve
kariyer planlarina ne kadar faydali olduguna dair algilarini belirlenmek icin kullaniimistir. Olgek 4
maddeden (ST113Q01TA, ST113Q02TA, ST113Q03TA, ST113Q04TA) olusmaktadir. Olgegin Cronbach
alpha givenirligi Tirkiye icin 0,90’dir.
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Fen 6z yeterligi 6lcedi: Gergek diinya sartlarinda 6grencilerin fen bilgi ve becerilerini algilama
dizeylerini belirlemek igin kullaniimistir. Fen 6z yeterligini belirleyen 6lgek 8 maddeden (ST129Q01TA,
ST129Q02TA, ST129Q03TA, ST129Q04TA, ST129Q05TA, ST129Q06TA, ST129Q07TA, ST129Q08TA)
olusmaktadir. Olgegin Cronbach alpha giivenirligi Tiirkiye icin 0,89 olarak belirlenmistir.

Egitim siireci engeli 6lcegi: Ogretim kadrosu, yardimci eleman, egitim materyali, fiziksel alt
yapilardaki eksiklik ve yetersizlik egitim sirecindeki engeller olarak belirtilmektedir ve degiskenini
belirlemek igin Olgekte 8 madde (SCO017Q01NA, SC017Q02NA, SC017Q03NA, SC017Q04NA,
SC017Q05NA, SC017Q06NA, SCO017Q07NA, SC017Q08NA) yer almaktadir. Olgegin Cronbach alpha
guvenirligi Turkiye icin 0,89 olarak belirlenmistir.

Ogrenme engeli 6lcegi: Ogrenci-6gretmen devamsizligl, dzensizligi vb. durumlar égrenme engeli
olarak belirtiimektedir. Ogrenme engelini belirleyen 6lgek 10 maddeden (SC061Q01TA, SC061Q02TA,
SC061Q03TA, SC061Q04TA, SC061QO05TA, SCO061QO06TA, SC061Q07TA, SCO61Q08TA, SCO61QO9TA,
$C061Q010TA) olusmaktadir. Olcegin Cronbach alpha giivenirligi Turkiye icin 0,83 olarak hesaplanmistir.

Verilerin Analizi

Arastirmanin amaci dogrultusunda yapilacak olan tek ve ¢ok diizeyli yapisal esitlik modellemesi igin
oncelikle veriler diizenlemis ve temizlenmistir. Fen okuryazarhigi puanlari, 6grenci ve okul anketleri ile
birlestirilerek kayip veri analizi icin MCAR (Missing Completely at Random/Tamamen Rastlantisal Kayip;
Little, 1988) testi gercgeklestirilmistir. Sonug¢ olarak eksik verilerin tamamen tesadifi olarak kayip
olmadigi belirlenmistir (y2=1582.327, sd=980, p<0.05). Kayip verilerle bas etme yéntemi olarak beklenti
maksimizasyonu yontemi tercih edilmistir. Kayip veri analizinin ardindan grup sayisina gore grup
biyuklikleri belirlenmistir. 2015 PISA uygulamasinda Tirkiye érnekleminde ikinci diizey grup sayisinin
100’den fazla olmasindan dolayi her grup icin érneklem biylklGgi 10°dan daha az bireye sahip ikinci
dizey (okul) kiimeler veri setinden gikariimistir (Hox vd., 2017, s. 216). Temizleme islemi sonucunda 161
okul altinda 5800 bireyin verileri analiz igin kullanilmigtir.  Verilerin temizlenmesinin ardindan
dogrusallik, varyanslarin homojenligi, artiklarin normal dagilimina iliskin analizler gergeklestirilerek
varsayimlar test edilmistir. Olcme modelini olusturabilmek icin bireysel diizeydeki artiklarin varyansinin
homojen oldugu (p=0.548), model artiklari ve bagiml degisken arasinda cizilen grafikte rastgele bir
desen olustugu ve artiklarin normal dagilim gésterdigi belirlenmistir.

Yapisal modeller olusturulmadan 6nce tek dizeyli modeli test etmek igin veri seti (izerinde tekrar
dizenleme yapilmistir. Ayirma (disaggregate) calismasiyla grup duzeyinin ve birlestirme (aggregate)
¢alismasiyla birey diizeyinin g6z ardi edildigi iki farkli veri seti diizenlenmistir. Ardindan yapisal modeller
olusturulmustur.

Verilerin dizenlenmesi ve 6lgme araglarinin gilivenirligine iliskin analizler SPSS 23.0 programinda
yapilmistir. Calismanin varsayimlari RStudio “Ime4” paketi (Bates vd., 2015) ve alt problemlerine iliskin
model analizleri ise RStudio “MplusAutomation” paketi (Hallquist & Wiley, 2018) ile gerceklestirilmistir.
Modellerin analiz edilmesinde parametre ve standart hatalarin tahmini birinci dereceden tirevlere ve
normal ki-kare istatistigine dayanan MLF yontemi kullanilmistir (Heck & Thomas, 2015). Verilerin
analizinde kullanilan kodlar Ek 1’de sunulmustur.

Modeller

Arastirmanin amaci ve alt problemleri dogrultusunda fen basarisini agiklayan degiskenleri 6ngoren iki
dizeyli ve tek diizeyli yapisal esitlik modelleri kurulmustur. Bu modellerde yer alan degiskenlerin
gosterimine iliskin bilgiler Tablo 2’de sunulmustur.
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Tablo 2.

Modellerin Degiskenlerinin Gdsterimi

Degisken Gosterim Degisken Gosterim
PV1SCIE fbl PV9SCIE fb9
PV2SCIE fb2 PV10SCIE fb10
PV3SCIE fb3 Fen Basarisi (fen okuryazarhg) Fb
PVA4SCIE fba Fen 6grenmekten zevk alma Mza
PV5SCIE fb5 Fen 6greniminde aragsal glidiilenme Mag
PV6SCIE fb6 Fen 6z yeterligi Moy
PV7SCIE fb7 Egitim sureci engeli Mee
PV8SCIE fb8 Ogrenme engeli Moe

iki diizeyli yapisal esitlik modeli

Calismanin amaci ve birinci alt problemi dogrultusunda olusturulan iki diizeyli yapisal esitlik modeli
Sekil 1’de verilmistir. Yapisal modelin grup ici dizeyinde fb1l’den fb10’a kadar olan sirekli gbzlenen
degiskenler fb gizil degiskeni tarafindan agiklanmaktadir. Belirtilen surekli gbzlenen degiskenler, gruplar
arasi dizeyde rastgele kesisimleri (random intercepts) temsil ettigi igin daire seklinde gosterilmektedir.
Her iki diizeyde de gozlenen degiskenler gizil degiskene baglanmaktadir. Ancak fb gizil degiskeni gruplar
arasinda ve grup iginde farkh degiskenler tarafindan agiklanmaktadir. Grup ici diizeyde mza, mag, moy,
gruplar arasi diizeyde ise mee, moe gizil degiskendeki varyasyonu agiklayan yordayici degisken olarak yer

almaktadir. Test edilen bu model “Model 1” olarak adlandirilmistir.

moy

Grup igi Gruplar arasi
r " I/""-\.\
bl ~— ™ bl M
1 -

I'III (/ | .II
1 1o *— — im
N

Sekil 1. Test Edilen iki Diizeyli Yapisal Esitlik Modeli (Model 1)

Tek diizeyli yapisal esitlik modeli

Calismanin amaci ve ikinci alt problemi dogrultusunda olusturulan ¢ok dizeyli yapisal esitlik modeli
Sekil 2’de verilmistir. iki diizeyli modelde fb gizil degiskenini gruplar arasi ve grup ici diizeyde aciklayan
mza, mag, moy, mee ve moe degiskenleri, bu modelde tek diizeyde fen basarisindaki degisimi
aciklamaktadir. Ayirma galismasiyla grup diizeyinin goz ardi edildigi veri setinin kullanildigi yapisal model
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“Model 2”, birlestirme ¢alismasiyla birey dizeyinin géz ardi edildigi veri setinin kullanildigi model ise
“Model 3” olarak adlandirilmigtir.

for *—

mza

mag

fb4

moy b

fb6 [+

b7 [+
mee

f—
moe 9

1o *+—

Sekil 2. Test Edilen Tek Diizeyli Yapisal Esitlik Modeli (Model 2 - Model 3)

Bulgular

Cok diizeyli analizlerin gergeklestirilebilmesi icin 0.05’ten az olmamasi gereken goézlenen degiskenlere
iliskin sinif i¢i korelasyon katsayilari Tablo 3’te verilmistir.

Tablo 3.
Sinif Ici Korelasyon Katsayilari

Gozlenen degiskenler

fbl fb2 fb3 fb4 fb5 fb6 fb7 fb8 fb9 fb10

Sinif ici
korelasyon 475 478 .483 489 .495 .488 476 .485 .488 491
katsayilari

Tablo 3 incelendiginde fen basarisi gizil degiskenine ait 10 gozlenen degiskene iliskin sinif igi
korelasyon katsayilarinin 0.475 ve 0.495 arasinda degistigi gorilmektedir. Gozlenen degiskenlere iliskin
katsayilarin 0.05’ten blylik ve 0.70’ten kii¢ik olmasi bireylerin grup icinde homojenlik gosterdiginin
ancak grup homojenligine sebep olmadigini gostermektedir. Bu korelasyon degerlerine gore fen
basarisini ifade eden gozlenen degiskenlerin puanlarindaki toplam varyansin yaklasik %48-49’unun
okullar arasinda oldugu tespit edilmistir. Yani 6grencilerin fen basarisi gostergelerindeki (fb1-fb10)
degisimin %48-49’u okullar arasi farkhliklardan, %51-52’si ise ayni okulda 6grenim goren 6grenciler
arasindaki farklihklardan kaynaklanmaktadir. Bu bilgiler dogrultusunda belirtilen veri setinde tek diizeyli
yapisal esitlik modeli kurmanin yanh parametre tahminlerine sebep olacagi ve bu sebeple ¢ok diizeyli
yapisal esitlik modeline ihtiya¢ duyuldugu belirlenmistir. Ancak bu calismada ¢ok diizeyli analizler
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uygulanmasi gerektiginde tek dizeyli analizlerin kullanilmasinin model uyum indeksleri ve parametre
tahminleri Uzerindeki etkisine ampirik kanitlar sunulmasi amaglandigindan hem ¢ok diizeyli hem tek
dizeyli yapisal esitlik modelleri kurulmustur. Model 1 iki duzeyli, ayirma yaklasimiyla olusturulan veriler
ile kurulan Model 2 ve birlestirme yaklasimiyla olusturulan veriler ile kurulan Model 3 tek diizeyli yapisal
esitlik modelleridir.

Calismanin amaci dogrultusunda olusturulan iki diizeyli (Model 1) ve tek diizeyli (Model 2-Model 3)
modellere iliskin uyum indeksleri Tablo 4’te sunulmustur.

Tablo 4.
Model Uyum indeksleri
x? x?/sd RMSEA CFI TLl SRMR
.004!
Model 1 155.701 1.353 .008 .999 .999 0067
Model 2 130.025 1.625 .010 .999 .999 .004
Model 3 139.928 1.749 .068 .990 .988 .006

i: grup ici a: gruplar arasi

Tablo 4 incelendiginde Model 1 icin sadece SRMR indeksi degerinin hem grup ici hem gruplar arasi
dizey igin sirasiyla .004 ve .006 olarak, SRMR indeksi disinda tiim indekslerin her iki dizey igin
hesaplandigi gériilmektedir. Veri-model uyumunu degerlendiren uyum indekslerinden y2/sd oraninin
2’den kiiglk olmasi, RMSEA degerinin .06’ya esit ya da bu degerden kii¢lik olmasi, CFl ve TLI degerlerinin
.95’e esit ya da bu degerden biyik olmasi verinin modele iyi uyum gosterdigini belirtir (Hu ve Bentler,
1999; Tabachnick ve Fidell, 2012). Model 1, 2 ve 3’e ait uyum indeksleri incelendiginde ise tiim modeller
icin verinin modele miikkemmel uyum gosterdigini séyleyebiliriz. Ancak modellerin uyum indeksleri
birbirleriyle kiyaslandiginda Model 1’in veriye gorece daha iyi uyum sagladigi gorilmektedir.

iki diizeyli ve tek diizeyli yapisal esitlik modelleri icin elde edilen faktér yiikleri, regresyon
katsayilari ve hata varyanslari igin standartlastiriimig kestirimler Tablo 5’'te sunulmustur.

Tablo 5.
Model Uyum Iindeksleri
iki Diizeyli Yapisal Esitlik Modeli Sonuglari Tek Diizeyli Modellerin Sonuglari
(Model 1) (Model 2-3)

Duzey/ St. Duzey/ St.
Degiskenler B Hata t i Degiskenler B Hata t P
Grup igi Model 2
fb BY fb BY
fbl .868 .004 194.573 .000 fbl .934 .002  487.255 .000
fb2 .881 .004 240.905 .000 fb2 941 .002 529.818 .000
fb3 .872 .004 238.275 .000 fb3 .937 .002 514.149 .000
fba .875 .004 233.119 .000 fb4a .939 .002 519.848 .000
fb5 .872 .004 230.641 .000 fb5 .938 .002 523.595 .000
fbe .873 .004 237.037 .000 fb6 .937 .002 509.248 .000
fb7 .876 .004 239.565 .000 fb7 .938 .002 521.884 .000
fb8 .872 .004 248.895 .000 fb8 .935 .002  496.687 .000
fbo .875 .004 217.448 .000 fb9 .939 .002 512.162 .000
fb10 .875 .003 252.746 .000 fbl0 .939 .002 522.679 .000
fbo ON fo ON

mza .165 .013 13.164 .000
mza 161 .016 10.235 .000 mag 002 013 0.128 808
mag .000 .019 0.024 981 moy -.101 .013 -7.791 .000
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mee -.250 .013 -18.558  .000
moy -.077 .016 -4.811 .000 moe -.111 .014 -7.871 .000
Hata varyansi Hata varyansi
fbl .246 .008 31.749 .000 fbl 127 .004 35.586 .000
fb2 .223 .006 34.596 .000 fb2 114 .003 34.232 .000
fb3 .240 .006 37.546 .000 fb3 123 .003 35.924 .000
fba .234 .007 35.700 .000 fb4a 119 .003 34.950 .000
fb5 .240 .007 36.422 .000 fb5 119 .003 35.518 .000
fb6 .238 .006 37.075 .000 fb6 121 .003 35.168 .000
fb7 .233 .006 36.354 .000 fb7 .120 .003 35.713 .000
fb8 .240 .006 39.305 .000 fb8 125 .004 35.519 .000
fbo .234 .007 33.304 .000 fb9 .119 .003 34.647 .000
fb10 .234 .006 38.638 .000 fbilo 118 .003 35.055 .000
fb .964 .006 168.566 .000 fb .848 .009 93.581 .000
Gruplararasi Model 3
fb BY fb BY
fbl .998 .001 767.421 .000 fbl .993 .002 600.224 .000
fb2 .998 .001 1069.992 .000 fb2 .994 .001  726.220 .000
fb3 .997 .001 896.949 .000 fb3 .993 .001 732.420 .000
fba .997 .001 883.131 .000 fb4a .994 .001 750.668 .000
fb5 .997 .001 919.439 .000 fb5 .994 .001 841.999 .000
fbé .996 .001 855.469 .000 fb6 .992 .002 622.269 .000
fb7 .997 .001 1102.504 .000 fb7 .994 .001 834.062 .000
fb8 .994 .002 540.576 .000 fb8 .990 .002  492.825 .000
fb9 .996 .001 729.800 .000 fb9 991 .002 535.639 .000
fb10 .997 .001 1004.562 .000 fbl0 .993 .001 765.790 .000
fb ON fo ON

mza 318 .082 3.899 .000

mag .039 .081 0.486 .627
mee -.339 .106 -3.215 .001 moy 282 077 3.677 000

mee -.227 .084 -2.686 .007
moe -.159 118 -1.344 .179 moe 062 088 -0.701 483
Hata varyansi Hata varyansi
fbl .005 .003 1.906 .057 fbl .014 .003 4.404 .000
fb2 .004 .002 2.262 024 fb2 .012 .003 4.362 .000
fb3 .007 .002 3.041 .002 fb3 .014 .003 5.341 .000
fba .006 .002 2.688 .007 fb4a .013 .003 4.890 .000
fb5 .005 .002 2.310 .021  fb5 .011 .002 4.785 .000
fbe .007 .002 3.189 .001 fb6 .016 .003 5.009 .000
fb7 .005 .002 2.860 .004 b7 .013 .002 5.365 .000
fb8 .013 .004 3.421 .001 b8 .019 .004 4.896 .000
fb9 .007 .003 2.704 .007 b9 .017 .004 4.709 .000
fb10 .007 .002 3.416 .001 fblo .013 .003 5.214 .000
fb .813 .072 11.348 .000 fb .601 .071 8.428 .000

Model 1’e iliskin faktor yikleri incelendiginde grup ici faktor yiklerinin .868 ile .881 araliginda ve
gruplar arasi faktor yiklerinin .994 ile .998 araliginda degistigi gorilmektedir. Bireylerden elde edilen
veriler ile kurulan Model 2 ve gruplardan elde edilen veriler ile kurulan Model 3’te ise faktor yiklerinin
sirasiyla .934 ile .941 ve .990 ile 994 araliginda degistigi belirlenmistir. Bu bilgilere gore hem iki diizeyli
modelde hem tek dizeyli modellerde birey dizeyi icin faktor yiklerinin grup dizeyi icin faktor
ylklerinden daha kiiclik oldugu tespit edilmistir. Gézlenen degiskenlere iliskin hata varyanslari ise faktor
yikleri ile ters yonli olarak islediginden dolayl tim modellerde birey diizeyi i¢in hata varyanslarinin grup
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diizeyi icin hata varyanslarindan daha buyilk oldugu gortlmustir. Belirtilen faktor yik degerleri tiim
modellerde ve iki diizeyli modelde gruplar arasi diizeyde yer alan f1 degiskeni disinda tim hata
varyanslarinin anlamli oldugu goriilmektedir. Bu sebeple tek dizeyli ve iki diizeyli modellerin faktor
ylkleri ve hata varyanslari bakimindan farklilasma olsa da bu farklilasmanin manidar olmadigi
soylenebilir.

Fen basarisini yordayici degiskenlerin regresyon katsayilari incelendiginde Model 1'de grup iginde
fen 6grenmekten zevk alma, fen o6greniminde aragsal gilidilenme ve fen 0z yeterligi yordayici
degiskenlerinden fen 6greniminde aragsal glidilenmenin anlamh bir yordayici degisken olmadigi tespit
edilmistir. Ayrica yordayici degiskenlerden fen 6grenmekten zevk alma diizeyi bir standart sapma
arttiginda 6grencilerin yordanan fen basarisi puaninin .161 standart sapma artacagini, fen 6z yeterligi bir
standart sapma arttiginda ise .077 standart sapma azalacagini dnermektedir. Grup iginde yer alan
yordayici degiskenler gizil degiskendeki varyansin %4’Gni agiklamaktadir. Gruplar arasi egitim sireci
engeli ve 6grenme engeli yordayici degiskenlerinden ise 6grenme engelinin anlamli bir yordayici
olmadigr gorilmustlr. Egitim slreci engelleri bir standart sapma arttiginda ise .339 standart sapma
azalacag belirlenmistir. Gruplar arasinda yer alan yordayici degiskenler gizil degiskendeki varyansin
%19’unu agiklamaktadir.

Model 2 igin regresyon katsayilari incelendiginde ise fen 6grenmekten zevk alma, fen 6greniminde
aragsal gudilenme, fen 6z yeterligi, egitim slreci engeli ve 6grenme engeli yordayici degiskenlerinden
fen 6greniminde aragsal glidiilenmenin yine anlamli bir yordayici olmadigi, ancak iki dizeyli modelin
tersine “6grenme engeli”nin diger yordayicilarla beraber anlamh oldugu goérilmektedir. Fen
o6grenmekten zevk alma diizeyi bir standart sapma arttiginda 6grencilerin yordanan fen basarisi puaninin
.165 standart sapma artacagl, fen 0z yeterligi bir standart sapma arttiginda ise .101 standart sapma
azalacagi, egitim sireci engelleri bir standart sapma arttiginda .250 standart sapma azalacagl ve
o6grenme engeli bir standart sapma arttiginda ise .111 standart sapma azalacagi belirlenmistir. Model 2
yer alan yordayici degiskenler gizil degiskendeki varyansin %15’ini agiklamaktadir.

Model 3 incelendiginde ise fen 6grenmekten zevk alma, fen 6greniminde aragsal glidiilenme, fen 6z
yeterligi, egitim slireci engeli ve 6grenme engeli yordayici degiskenlerinin regresyon katsayilarinin
anlamhlik bakimindan iki dizeyli model ile ayni oldugu gorilmektedir. Fen 6grenmekten zevk alma
diizeyi bir standart sapma arttiginda 6grencilerin yordanan fen basarisi puaninin .318 standart sapma
artacagi, fen 0z yeterligi bir standart sapma arttiginda ise .282 standart sapma azalacagi, egitim siireci
engelleri bir standart sapma arttiginda .227 standart sapma azalacag tespit edilmistir. Model 3 yer alan
yordayici degiskenler gizil degiskendeki varyansin %40’in1 agiklamaktadir.

Tartisma, Sonug ve Oneriler

Bu calismada okullar arasinda ve 6grenciler icinde fen basarisini acikladigi 6ngoérilen degiskenler iki
dizeyli yapisal esitlik modellemesi ile incelenmistir. Ayrica hiyerarsik verilerde tek diizeyli analizlerin
kullanilmasinin model uyum indeksleri ve parametre tahminleri Gzerindeki etkisine ampirik kanitlar
sunulmustur.

Fen basarisina ait gozlenen degiskenlerin gruplar arasinda anlamli olarak farkhlastigi sinif igi
korelasyon katsay! ile belirlenmistir. Ogrencilerin fen basarisi gostergelerindeki (fb1-fb10) degisimin
%48-49’u okullar arasi farkliliklardan, %51-52’si ise ayni okulda 6grenim goéren Ogrenciler arasindaki
farkhhklardan kaynaklandigi belirlenmistir. Okullar arasi farkhhgin %5’ten fazla olmasi sebebiyle
gerceklestirilen iki diizeyli yapisal esitlik modellemesi sonucunda arastirmacilar tarafindan olusturulan
yapisal modelin dogrulandigi uyum indekslerine gore tespit edilmistir.

Modelde yer alan degiskenler incelendiginde, fen 6greniminde aragsal gidiilenme ve 6grenme engeli
degiskenlerinin fen basarisini anlamli dizeyde yordamadigi belirlenmistir. Yetisir ve dig. (2018) fen
okuryazarlik performansi izerinde aragsal giidilenmenin de etkisini inceledigi calismada bu arastirma ile
benzer sonuglara ulagsmistir. Ancak OECD (2016)'nin yaptig calismada fen basarisi Gzerindeki etkisi
incelenen aracsal giidiilenmenin yordayici etkisi oldugu sonucuna ulasilmistir. ilhan (2015), 6grenci
derste 6grendigi bilgilerin hayatinda ve kariyerinde faydali olacagina inanirsa, 6grencinin bu derse
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y6nelik ¢abasinin artabilecegini ifade etmistir (Akt: Glingdr, 2019). Ancak, aragsal glidilenmenin basari
Uzerindeki etkisinin kiltiire gore degisiklik gosterdigi bilinmektedir (Kjaernsli & Lie, 2011; Yu, 2012). Bu
sebeple, farkh Ulkeler ile gergeklestirilen galismalarin ve Tirk kiltirine ait g¢alismalarin sonuglari
arasinda farkhhklar olabilir. Belirtildigi lizere, aragsal gldilenmenin etkisi 6grenilen bilgilerin kariyer
planlar (zerindeki etkisine inanmaktan gecmektedir. Ulkenin egitim sisteminde yasanan degisiklerden
kaynakli olarak Tirk kaltiriindeki bireylerin kariyer planlamasi yapmakta gigliik ¢ekmesi, aragsal
gudilenmenin fen basarisi Uzerindeki etkisini degistirmis olabilir. Ancak, Tirk kultlirinde aragsal
gudilenmenin fen basarisi (zerindeki etkisini inceleyen vyeterli sayida ¢alisma bulunmamaktadir.
Dolayisiyla, bu degiskenin tahmin dizeyi hakkinda giiclii ifadeler kullanabilmek icin daha fazla galismaya
ihtiyac duyulmaktadir. Ayrica fen basarisini yordamadigi tespit edilen ve arastirmacilar tarafindan fen
basarisiyla negatif yonli bir anlaml bir iliskiye sahip olmasi beklenilen 6grenme engeli degiskeni igin de
literatiirde arastirmaya rastlanmamistir. Ogrenme engeli degiskeninin icinde barindirdigi 6gretmen
devamsizhgi, 6grencilerin madde kullanimi, 6grenci zorbaligi gibi durumlar ¢alismalarda (Finlayson, 2009;
Hanson vd., 2003; Konishi vd., 2010) ayri ayri olarak incelemis ve basari lzerinde olumsuz etkileri
oldugunu belirtmislerdir. Ancak bu c¢alismada 6grenme engelleri indeks degisken kullanilarak analiz
edilmistir. PISA tarafindan tanimlanan indeks degisken, 6grenme engellerine iliskin bircok faktoru
icermektedir. Bu faktorler hem 6grencilerden hem de 6gretmenlerden kaynakli engelleri biinyesinde
barindirmaktadir. Dolayisiyla belli bir 6rnekleme ait hem 6grenci hem 6gretmen verileri ayni degisken
altinda yer alacagindan, 6gretmen ya da 6grenci grubundan kaynaklanacak engeller veya destekler diger
grup tarafindan nétrlenmis olabilir. Bundan hareketle arastirmacilara aragsal glidiilenmenin ve 6grenme
engeli degiskeninin fen basarisi tizerindeki etkisini inceleyen galismalar ylritmesi 6nerilmektedir.

Fen 6grenmekten zevk alma degiskenin fen basarisi Uzerinde diisiik pozitif bir etkisinin oldugu
gorilmektedir. Ogrencilerin fen 6grenmekten zevk alma diizeyindeki bir standart sapmalik pozitif yénlii
degisim .161 standart sapmalik artisa denk gelecektir. OECD (2016) yayinladig raporda, bu degiskenin
fen basarisi Gizerinde dolayh bir etkisi oldugunu belirtmistir. Ayni zamanda Yetisir ve dig. (2018) de
calismalarinda pozitif yonde etkisi oldugu sonucuna ulasmislardir. Bu sebeple 6grencilere fen
o6gretiminde onlarin ¢alismaktan mutlu olacagi, zevk alacagi ve aktif katilim saglayabilecekleri 6grenme
ortamlari saglanmasi tavsiye edilmektedir.

Fen 6z yeterligi degiskeninin fen basarisi lzerindeki etkisi ise disik ve negatif yonlidir. Yani
ogrencilerin fen 6z yeterligi dizeyindeki bir standart sapmalik artis .077 standart sapmalik azalmaya
sebep olacag sonucuna ulasilmistir. Ancak gergeklestirilen birgok calismada fen 6z yeterligi degiskeninin
fen basarisi Uzerinde pozitif yonde anlamh (Ugras, 2018) ve hatta fen basarisini en iyi yordayan degisken
oldugu belirtilmistir (Bircan, 2015; Uzun vd., 2010). Ayrica Bandura (1994) 6z yeterlik inancinin bireylerin
ulasacagi basari diizeyini etkileyen énemli bir unsur oldugunu belirtmistir. Bu bakimdan ¢alisma bulgulari
literatir tarafindan desteklenmemektedir. Ancak yapilan bazi calismalarda da fen 6z yeterligi ve fen
performansi arasinda iliski olmadigi da belirtilmektedir (Jamil & Mahmud, 2019). Ayrica 6z yeterligin
basari lizerindeki etkisinde rol alan araci degiskenlerin olabilecegi de ifade edilmektedir (Doménech-
Betoret vd., 2017). Bu calismalardan yola gikarak fen 6z yeterligi ve fen performansi arasindaki iligkiyi
incelemeye yonelik daha fazla ¢alisma yapilmasina ihtiya¢ duyuldugu séylenebilir.

Fen basarisini etkiledigi distnilerek modele eklenen bir diger degisken ise egitim engeli
degiskenidir. Okulun 6gretmen vyetersizligini, fiziksel imkan ve kaynaklarini belirten egitim engeli
degiskenin fen basarisi lzerinde orta diizeyde negatif yonli bir etkisi oldugu tespit edilmistir.
Ogrencilerin egitim engelleri bir standart sapma arttiginda fen basarisinda .339 standart sapma
azalmaya sebep olacaktir. Elde edilen bu sonug literatiirle bliyik oranda benzerlik géstermektedir.
Egitim engellerinin sistematik olarak 6grenci basarisiyla iliskisi oldugu ve bu iliskilerin egitim agisindan
oldukga 6nem tasidigl alanyazinla desteklenmektedir (Hedges vd., 1994; Greenwald vd., 1996). Ancak
Hanushek (1997) belirtilen sonucun tersine 6grenci performansi ile okul kaynaklari arasinda glicli ve
tutarl bir iliski olmadigini g¢alismasinda vurgulamistir. Hem bu c¢alismada hem de yapilmis diger
arastirmalarin bircogunda egitim engellerinin kaldirilmasinin basariy1 arttirdigina yonelik elde edilen
bulgular 6grencilere saglanacak okul imkanlarinin da onlar i¢in egitim elemani olacagini géstermektedir.
Bu sebeple o6grencilerin egitim-6gretim goérdikleri ortamlarin uygun hale getirilmesi, 06grenci
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performansina olumlu katkilar saglayacaktir (Al Sensoy & Sagséz, 2015). Bunun igin ise 6gretmen, bilgi
teknolojisi materyalleri, kitliphane, laboratuvar ve fiziksel alt yapi eksiklikleri giderilmeli ve nitelikleri
artirilmahdir.

Bu calismada degiskenlerin fen basarisina yordayici etkisinin incelenmesine ek olarak bu etkinin,
okullar diizeyinde ve birey diizeyinde fen basarisini etkiledigi disliniilen ve fen basarisina ait gozlenen
degiskenlerin yer aldig: iki dizeyli ve tek diizeyli modellemede sonuglarin ne derece farklilastigi da
incelenmistir. Modellerden elde edilen parametre ve uyum indeksleri karsilastirilmadan 6nce gozlenen
degiskenlere iliskin sinif ici korelasyon katsayisi incelenmis ¢ok diizeyli analizlere ihtiyag duyuldugu tespit
edilmistir. Literatlirde hiyerarsik verilerde gergeklestirilen tek diizeyli analizler g6z 6niine alinarak bu
arastirmada da ayirma veya birlestirme yaklasimi yiritulerek tek dizeyli modellemeler ve iki dizeyli
modelleme karsilastirilmistir.  Standartlastirilmis parametreler bakimindan faktor vyikleri, hata
varyanslari ve bu parametrelerin standart hatalari iki ve tek dizeyli modellerde anlamli olmadan az
diizeyde farklilassa da regresyon katsayilari ve standart hatalari bakimindan anlamli farkhlklar ortaya
ciktigr goralmustir. Model 1 (iki dazeyli) ve Model 2 (grup dizeyi géz ardi edilen)’de elde edilen
regresyon katsayilarinda 6grenme engeli degiskeni fen basarisini Model 1'de anlami olarak tahmin
etmiyorken Model 2’de anlamli tahmin ettigi sonucuna ulagiimistir. Bunun sebebi ise okullar igindeki
o6grenciler arasindaki homojenligin yiksek olmasi ve dolayisiyla regresyon katsayilarina ait standart
hatalarin azalarak parametre tahmininde yanh kestirimlerin olusmasidir (Heck, 2001; Hox vd., 2017;
Muthén & Satorra, 1995). Model 1 ve Model 3 (birey dizeyi goz ardi edilen)’te ise regresyon
katsayilarinin anlamliligi bakimindan benzerlik gésterse de grupici yordayici degiskenlerin gizil degisken
Gzerindeki etkisinin oldugundan daha ylksek oldugu goriilmektedir. Bunun nedeni ise grup igi varyansin
analize dahil edilmemesidir (Heck, 2001; Kaplan & Elliot, 1997). Ayrica gruplar arasi yordayici
degiskenlerin anlamlilik degerlerinde artis gdzlenmistir. Cinki birey diizeyindeki verilerin grup diizeyine
cekilmesinde veri kaybi yasanmasi gergeklestirilen istatistiksel testin glicini azaltmistir (Heck, 2001;
Kaplan & Elliot, 1997). Model uyum indeksleri bakimindan da G¢ modelden elde edilen sonuglar
hiyerarsik verilerde iki dizeyli modelin kullanilmasinin daha iyi uyuma isaret ettigini gostermektedir.
Calismanin analiz karsilastirmasindan elde edilen bulgu ve sonuglar isiginda gelecekte hiyerarsik
verilerde yapilacak calismalarda kullanilacak analizler i¢in arastirmacilara fikir sunacagi diistintilmektedir.
Ozet olarak, hiyerarsik yapiya sahip verilerde tek diizeyli analizlerin kullaniimasi, séz konusu degiskenler
arasindaki iliskilerle ilgili farkli/hatali sonuglar ortaya g¢ikarmaktadir. Bu durum da hatali yorum ve
¢ikarimlara neden olabilmektedir.

Bu calismadaki karsilastirmalar; fen bilissel alt alani, 6grenci ve okul yoneticisi anketleri igin
Tiirkiye'den elde edilen verilerle sinirlidir. ileride yapilacak arastirmalarda, analize okudugunu anlama
ve/veya matematik bilissel alt alanlar, farkli tlkeler ve 6gretmen anketleri dahil edilerek daha kapsaml
karsilastirmalar yapilabilir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuglardir.
Etik Beyan

Arastirmanin etik olmayan bir sorunu yoktur ve arastirma ve yayin etigi tam olarak gozetilmistir.
Mevcut arastirma icin etik kurul onayi Bartin Universitesi Sosyal ve Beseri Bilimler Etik Kurulu tarafindan
2020-17 protokol numarasi ile verilmis ve yazarlar arastirma ve yayin etigine uyuldugunu beyan
etmislerdir.

“Yuksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve yonergenin ikinci boliminde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykir
Eylemlerden” higbiri gergeklestirilmemistir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi beyan etmemektedir.
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Appendix

Appendix 1
syntax <- mplusObject(
TITLE = ‘Cok Duzeyli YEM1,’,
VARIABLE = ‘NAMES ARE SCH STU EE1-EE8 OE1-OE10 ZA1-ZA5 AG1-AG4 OY1-0OY8 FB1-FB10
MEE MOE MZA MAG MQOY MFB;
USEVARIABLES ARE SCH FB1-FB10 MEE MOE MZA MAG MOY;
WITHIN= MZA MAG MOY;
BETWEEN= MEE MOE;
CLUSTER IS SCH,”’,
ANALYSIS = ‘TYPE IS TWOLEVEL;
ESTIMATOR IS MLF;’,
MODEL = ‘“%WITHIN%
LFB BY FB1-FB10;
LFB ON MZA MAG MOY;
%BETWEENY%
GLFB BY FB1-FB10;
GLFB ON MEE MOE;’,
OUTPUT = ‘standardized modindices;’,
rdata=FEN1
)
FEN_fit1 <- mplusModeler(syntax, modelout = ‘MIODEL1.inp’, run=1L)
When the data which disregards group levels by disaggregation is used;
Syntax2 <- mplusObject(
TITLE = ‘Tek Duzeyli YEM2,’,
VARIABLE = ‘NAMES ARE SCH STU EE1-EE8 OE1-OE10 ZA1-ZA5 AG1-AG4 OY1-OY8 FB1-FB10
MEE MOE MZA MAG MQOY MFB;
USEVARIABLES ARE FB1-FB10 MEE MOE MZA MAG MOQY;’,
ANALYSIS = ‘ESTIMATOR IS MLF;’,
MODEL = *
LFB BY FB1-FB10;
LFB ON MZA MAG MOY MEE MOE;’,
OUTPUT = ‘standardized modindices;’,
rdata=FEN1
)
FEN_fit2 <- mplusModeler(syntax2, modelout = ‘MIODEL2.inp’, run=1L)
When the data which disregards individual level by aggregation is used;
Syntax3 <- mplusObject(
TITLE = “ Tek Duzeyli YEM3;’,
VARIABLE = ‘NAMES ARE SCH STU FB1-FB10 MEE MOE MZA MAG MOY MFB;
USEVARIABLES ARE FB1-FB10 MEE MOE MZA MAG MOQY;’,
ANALYSIS = ‘ESTIMATOR IS MLF;’,
MODEL =*
LFB BY FB1-FB10;
LFB ON MZA MAG MQOY MEE MOE,’,
OUTPUT = ‘standardized modindices;’,
rdata=FEN3

)
FEN_fit3 <- mplusModeler(syntax3, modelout = ‘MIODEL3.inp’, run=1L)
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