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Abstract

The Ministry of National Education carried out the ABIDE (Monitoring and Evaluation of Academic Skills) in
2016 in order to test the knowledge and skills of 8th-grade students. Since the ABIDE 2016 study was implemented
for the first time in our country, it is very important to prove measurement invariance for the validity of the results.
Within the scope of this research, the measurement invariance of the success of the students in the Turkish test
according to the education level and professional experience of the teachers was examined. In the research, data
were obtained from the Ministry of National Education, Directorate-General of Measurement, Evaluation, and
Examination Services. Responses of students to the multiple-choice items in the ABIDE 2016 Turkish test and
teacher questionnaire data were used in the study. All the data were used in the investigation of measurement
invariance according to professional experience. Investigation of measurement invariance according to education
level was carried out both by using and not using the method of sub-sampling. Factor 10 and Mplus 7 programs
were used in the analysis of the data. At the end of the study, the Turkish achievement model provided all levels
of measurement invariance among the student groups formed according to the professional experience and
education level of the teachers.
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Introduction

Education has become one of the globally significant indicators for the attainment of development-
focused strategic objectives of countries in recent years. It is possible to forecast the future of a given
country based on the effectiveness of educational reforms and the actual student achievement rates.
Therefore, standard measurement and evaluation systems are required to evaluate the quality of learning
experiences and to provide stakeholders with feedback according to these evaluations.

Exams on an international scale such as PISA (Program for International Student Assessment) and
TIMSS (Trends in International Mathematics and Science Study) are carried out by international
organizations in order to provide feedback for the development and improvement of countries' education
systems. Similarly, in Tirkiye, it was aimed to develop ABIDE (Monitoring and Evaluation of
Academic Skills) which is a standard measurement and evaluation tool by the Ministry of National
Education (MEB in Turkish). The overall aim of ABIDE is to determine to what extent 8th-grade
students have high-level mental skills in Turkish, mathematics, science, and social studies and to reveal
the student, family, teacher, and school characteristics that affect the success of the students (MEB,
2017). ABIDE implemented in two-year periods was first implemented at the 8th grade level in 2016,
and the second application was made at the 4th and 8th grade levels in 2018. ABIDE, which was planned
to be held in 2020, was carried out in 2021 due to the covid-19 pandemic. However, final reports haven’t
been published by the MEB except for 2016.
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In the ABIDE 2017 report, comparisons of students' achievements are given according to teachers'
educational backgrounds and professional experience. Of course, there are many factors such as school,
family, teacher, and environment that underlie the success differences of students. The characteristics
one must possess have started to differ gradually in recent years; education plays the most vital role in
the indoctrination of such characteristics. Thus, teachers assume considerable responsibility in this
process. ABIDE results allow for the interpretation of student achievement rates in terms of the
characteristics of teachers enabling the institutions concerned and stakeholders in education to adopt
measures and take decisions regarding the improvement of the education system (MEB, 2017). In this
case, the report outcomes are expected to be valid and reliable among different groups.

In educational studies, comparisons between groups are frequently made to identify the qualities
stemming from the individual, school, teacher, etc. affecting student achievement. However, before
commenting that "differences between groups stem from variables originating from students, teachers
or schools" based on such comparisons, it is necessary to examine whether these differences are caused
by the measurement tool or not. In order to make comparisons according to groups using a measurement
tool, measurement invariance must first be ensured in those groups, if measurement invariance is not
ensured, the results of the comparison will lose their significance (Byrne Barbara, 2004). Measurement
invariance denotes testing whether the measurement tool shows a similar structure among different
groups to provide evidence for the validity of measurement tools (Van de Schoot, Lugtig & Hox, 2012).
In other words, measurement invariance is to obtain similar results by applying the same scale to
different groups that are similar in terms of measured characteristics (Cheug and Rensvold, 1998).

The ABIDE 2017 report frequently compares the achievement levels of students from different groups
in terms of teacher qualities.

Individuals in different groups yet equivalent in terms of the attributes assessed must obtain the same
score for the accuracy of the comparisons (Schmith & Kuljanin, 2008). This means that some evidence
must be provided regarding the measurement of similar structures among groups assessed in terms of
the attribute assessed. In other words, the measurement invariance of the tests in the groups determined
must be established in order to make comparisons among varying groups using the observed variable
scores (Vandenberg & Lance, 2000). Explaining the differences in the results obtained from a
measurement tool solely based on individual properties in research studies, making comparisons among
groups in terms of the variables to be assessed might not always be accurate. This is because the
difference among individuals may also result from the measurement tool (Cheug ve Rensvold, 1998).

Obtaining information about the equivalence of the construct validity of the tests given within the scope
of the ABIDE evaluation in 2016 among the student groups formed in terms of the education level and
professional experience of teachers would contribute to provide the validity of the measurement results.

Measurement Invariance

The concept of validity is defined as supporting the outcomes based on the scores obtained from the
measurement tool and the interpretations made with reference to these outcomes with experimental and
theoretical evidence (AERA, APA & NCME, 2014). If one is to compare certain structures among
various groups with a measurement tool, the theoretical structure must be the same and be interpreted
in the same way by the sub-groups. Otherwise, test bias occurs (Kline, 2011). Based on this point,
measurement invariance studies are conducted to identify whether a sub-group has an advantage over
others or whether the measurement tools show the same structure as the sub-groups. Making
comparisons among groups not displaying the same structure causes the measurement tool not to
function. This leads to misinterpretations, which gives rise to misjudgments.

There are various measurement invariance analysis methods in the existing body of literature. The first
group of methods examines differences in item and test functions based on the Item Response Theory,
the second group consists of methods based on Latent Class Analysis and the final group includes the
methods of multi-group confirmatory factor analysis (MGCFA) based on structural equation modeling
and the invariance of mean and covariance structures (Kankaras et. al, 2011). MGCFA testing the
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equivalence of covariance structures is frequently used in measurement invariance studies (Meredith,
1993).

Structural Equation Modeling (SEM) is a powerful and advanced statistical tool providing the researcher
with a comprehensive method to assess and modify the model created through theoretical inferences
(Dragan & Topolsek, 2014). According to Tabachnick & Fidel (2013), structural equation modeling
(SEM) denotes a collection of statistical techniques allowing for the examination of the relationships
between one or more independent variables, either continuous or discrete, and one or more dependent
variables, either continuous or discrete. SEM analyses signify an expanded combination of factor
analysis, multiple regression, and covariance analysis (Hoyle, 2012).

According to Kline (2011), SEM involves six steps: model specification, model identification,
evaluation of model fit, measurement of fitness statistics, re-specification of the model where necessary,
and reporting of the results. A frequently employed method in SEM analyses, MGCFA is a technique
requiring the simultaneous application of CFA on two or more groups. This analysis tests whether the
model created by the researcher for the measurement tool is the same for the sub-groups of the sample
(Tabachnick & Fidell, 2013).

According to Vanderberg & Lance (2000), measurement invariance is handled by multi-group
confirmatory factor analysis as follows: Let us assume the score obtained by the individual i within the
group k for the assessed variable of j is X; ;. In this case, the factor model for X; ;. is as follows.

Xijie = Tir + VWi + wj @

Tj, represents the coefficient factor between the observed and latent structure, Yj; signifies the factor
loadings matrix of rx1 considering that r represents the number of items, Wj, shows the common factor
loadings vector matrix for i individuals in the rx1 pattern, and u; shows the error vector of
independently observed variables. Furthermore, j signifies the assessed variable, k the group, and i the
individual. In this case, X; j; is signified as the score of the individual i within the group k for the variable
J. Additionally, it is assumed that the measurement errors are within themselves and the correlation with
the common factor loadings is "0". Based on the assumption E(Wjy, u;;)=0, the covariance equation is
as follows:

COU(Xijk) = Zk = Ak(pk A’k + 9k (2)

The expression A signifies the matrix of the pxr pattern consisting of Y;; while @, indicates the
variances and covariances in Y. 8. signifies the diagonal matrix of measurement errors. Similarly, the
average vector of X;;, can be expressed as follows:

E(Xik) = i = T, + A Ky 3)

Based on the equations given above, the question of whether the parameters of [, Ay, 0] are equal in
k groups (Vandenberg & Lance, 2000, p. 10; Joreskog & Sorborm, 1993; Millsap & Olivera-Aguilar,
2012, p. 381).

Measurement invariance is exhibited with multi-group confirmatory factor analysis through the testing
of the four nested hierarchical levels or the hypothesis. These four levels are called configural, metric,
scalar, and strict invariance, respectively (Meredith, 1993).

Configural Invariance

According to Wu, Li & Zumbo (2007), it denotes the initial level of measurement invariance analysis
and constitutes a prerequisite for continuing with other levels. This level involves testing whether the
model (factor structure) established based on the research hypothesis is the same among the groups. In
other words, it means that the A, the matrix in equation 3 has the same fixed and free factor loads for
all groups (Widamann ve Reise, 1997).
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4P =2, ® 4)

If configural invariance is not ensured, in other words, if factor structure is the same among groups, the
factor configuration among the groups does not differ and the items measure the same structure among
different groups. If configural invariance is not ensured, there is no need to conduct the analyses to
identify the differences among groups or test the remaining levels of measurement invariance as the
measured configurations differ from one group to another (Vandenberg & Lance, 2000).

Metric Invariance

This invariance level is also called weak invariance (Meredith, 1993). In addition to configural
invariance, metric invariance is based on the condition whereby the factor loadings of the items
concerned must be equal among the groups.

Ve = Y5 @ (5)

Observed variables are connected to latent variables through factor loadings. Therefore, even a minute
change in the latent variable affects the observed variable (Bollen, 1989). For this reason, factor loadings
must be equivalent if one wants to measure the same configuration among different groups.

The fitness of the metric model is compared to that of the structural model using the difference between
the chi-square tests or fit indices to identify whether the condition of metric invariance is fulfilled. If
there are no significant differences in model fit or if the fit indices are within the desired range, one
might argue that the factor loadings in the sub-groups subject to the comparison do not change. In this
respect, this means that all individuals in the sub-groups interpreted the items similarly. The factor
variances and covariances may be compared among the groups with the fulfillment of the condition of
metric invariance. However, it is not possible to indicate exactly the source of the average difference
among the groups.

If the condition of metric invariance is not fulfilled, one might indicate that factor loadings vary among
the groups and people made different interpretations of the items concerned (Bialosiewicz, Murphy &
Berry, 2013). The lack of metric invariance may signify that the meanings of the items are not the same
for all groups, leading to item bias. Partial measurement invariance studies may be conducted if this is
the case. If the condition of metric invariance is satisfied, one might move to the next level.

Scalar Invariance

In addition to the conditions required by metric invariance, scalar invariance is based on the equivalence
of item threshold values for the sub-groups.

To assess scalar invariance, the fitness of the model established is compared with that of the metric
model by using the difference between the chi-square difference tests or fit indices. If there are no
significant differences in model fit or if the fit indices are within the desired range, one might argue that
the factor threshold values do not vary among the sub-groups (Vandenberg & Lance, 2000).

The fulfillment of the condition of scalar invariance means that the averages of factors and observed
variables may be compared. In other words, one might argue that there is no bias favoring any sub-
group(s) and that the average differences in observed variables source from those in the latent variable
(Basusta & Gelbal, 2015). Strict invariance is the next level following the fulfillment of the condition
of scalar invariance.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olgme ve Degerlendirme Dergisi 157
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Strict Invariance

At this level, the condition taken into consideration in addition to the conditions of scalar invariance is
the equivalence of item error variances among the sub-groups.

0, = 6, (7

To assess strict invariance, the fitness of the model established is compared with that of the model
established at the level of scalar invariance by using the difference between the chi-square difference
tests or fit indices. If there are no significant differences in model fit or if the fit indices are within the
desired range, one might argue that the item error variances do not vary among the sub-groups (Bollen,
1989).

If the condition of strict invariance is fulfilled, one can compare observed variances and covariances in
addition to the averages of latent and observed variables. However, one must also keep in mind that
strict invariance is a quite limited model, and its conditions are rarely fulfilled in practice. This is because
as the variance resulting from the latent variable increases, so do the residual variances of the items
(Bialosiewicz, Murphy & Berry, 2013).

Purpose of Study

The present study examines whether measurement invariance is established among student groups
created based on the education level and professional experience of teachers for the ABIDE 2016
Turkish test. In this respect, the following research questions were identified: (a) "Is measurement
invariance established among student groups formed on the basis of the professional experience of
teachers in the ABIDE 2016 Turkish test?", (b) "Is measurement invariance established among student
groups formed on the basis of the education levels of teachers using the sub-sampling method in the
ABIDE 2016 Turkish test?", and (c) "Is measurement invariance established among student groups
formed on the basis of the education level of teachers without using the sub-sampling method in the
ABIDE 2016 Turkish test?"

Method

The study is a descriptive research in order to illuminate a given situation and to determine the level of
validity of the study, which aims to examine the measurement invariance of students' success in Turkish
tests according to teachers' education level and professional experience. Studies that aim to reveal a
situation without intervening are in the type of descriptive research (Fraenkel & Wallen, 2006; Karasar,
2011). Descriptive models are research models that aim to reveal the states of variables and to reveal
the change between variables (Gall et. al, 1999).

Research Population and Sample

The population of the ABIDE assessment consists of 8th-grade students from Tiirkiye. The ABIDE 2016
assessment was applied in 16,118 schools and 48,091 classes. Conducted in all 81 provinces, the study
took into consideration around 400 students from each province. The number of students to be included
in the samples in metropolises was increased proportionately to the population to better reflect the
overall population. Therefore, the assessment was given to a total of around 38,000 students.
Furthermore, students were also classified into stratas through stratified sampling in order for the
samples selected to better represent the province concerned (MEB, 2017).

For research purposes, the data on 7952 students using Form A of the Turkish test were obtained from
the Directorate-General of Measurement, Evaluation, and Examination Services. 86 students not
providing answers to any questions in Form A of the Turkish test were excluded from the study. As a
result of the examination of missing values, data concerning a total of 365 students were excluded from
the study. As a result, data from 7501 students were used in the analyses. Table 1 shows the information
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about the student groups created based on the professional experience and education levels of teachers
included in the research sample.

Table 1

Student Frequencies in Terms of the Professional Experience and Education Status of Teachers
Professional Experience of N of Students Education  Status of N of Students
Teachers Teachers
0-5 (short) 2.183 Associate Degree 240
6-15 (medium) 3.790 Bachelor's Degree 6.997
16+ (extensive) 1.528 Master's Degree 264
Total 7.501 Total 7.501

Upon forming groups based on the educational background of teachers within the scope of the study,
great differences seemed to emerge among the student groups. Within this scope, the study attempted to
obtain information on the question of how the results vary by examining measurement invariance in
terms of the educational backgrounds of teachers both using and not using the method of sub-sampling.

Sub-sampling method

Imbalanced sample sizes in groups may affect the outcome of measurement invariance studies. The
difference between the observed model and the estimated model may be disregarded due to the relatively
lower weight within the smaller group. Therefore, in case the sample sizes of the groups examined differ
greatly, the outcomes of invariance studies may be misleading (Yoon & Lai, 2018).

Chen (2007) found that the power of detecting noninvariance led to a substantial drop when sample sizes
in two groups were quite different. Although both of these studies noted potential problems of
unbalanced sample sizes in testing factorial invariance, neither included a systematic investigation of
unequal sample size conditions that would influence power in detecting violations of invariance (Yoon
& Lai, 2018).

Yoon and Lai (2018) suggested that researchers use many random samples from the larger group in
testing measurement invariance and report the summary of the results using many random samples. For
example, the sub-samples of the larger group may be selected randomly 100 times and each sub-sample
selected randomly and the smaller group may be used collectively for measurement invariance analysis.
Thus, measurement invariance analysis is conducted 100 times for the different sub-samples of the larger
group while using the same sample for the smaller group each time. The fit indices are recorded for each
different instance and the average of the fit indices recorded for all 100 instances is calculated. If both
the average values and the relevant percentage values for the fit indices are within the range of good fit,
the measurement invariance model is supported (Yoon & Lai, 2018).

The R package software was used for creating sub-samples based on the educational background of
teachers. The group consisting of teachers with associate degrees, whose size is the smallest (see Table
1) was taken into consideration for the Turkish test. The software output obtained was a file to be used
for measurement invariance analysis on Mplus.

Table 2 shows the item averages of student groups created based on the professional experience and
education status of teachers for the Turkish test in order to demonstrate the similarity of the averages
for the sub-samples acquired using the sub-sampling method with sample averages. Furthermore, the
table also features the averages of the sub-samples obtained with the sub-sampling method based on
educational background.
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Table 2
Item Averages Based on the Educational Background and Professional Experience of Teachers
Education Status

Professional Experience Education Status (Sub-sampling Methods)
Associate  Bachelor's Master's Associate  Bachelor's Master's

Short Medium Extensive  Degree Degree Degree Degree Degree Degree
M2 0,51 0,54 0,59 0,55 0,54 0,55 0,55 0,56 0,54
M3 031 034 0,38 0,38 034 031 038 032 031
M4 0,70 0,73 0,73 0,77 0,72 0,76 0,77 0,70 0,76
M5 0,47 0,51 0,54 0,61 0,50 0,45 0,61 0,53 0,46
M6 0,70 0,77 0,79 0,84 0,75 0,74 0,84 0,77 0,75
M7 0,65 073 074 0,79 071 0,67 0,79 073 0,67
M9 0,46 0,55 0,60 0,61 0,53 0,51 0,61 0,52 0,51

An assessment of Table 2 might lead to the conclusion that the items included in the Turkish test are
generally of average difficulty. Additionally, the item averages based on educational background and
the averages of the data originating from the educational background sub-samples seem to be close. In
other words, the averages of the sub-samples were found to be similar to the average value for the
original sample.

Data Collection Process

The open-ended and multiple-choice items included in the ABIDE 2016 assessment were developed by
item writers, subject matter experts, measurement and evaluation specialists, and language experts.
Then, a pilot scheme was conducted with around 5000 students. The tests were finalized using the item
and test statistics at the end of the pilot scheme. Between April and May 2016, the main assessment
scheme was put into action in 81 provinces (MEB, 2017). The research data were obtained from the
Directorate-General of Measurement, Evaluation, and Examination Services within the MEB.

Data Collection Tools

The study was conducted on the basis of existing data containing the answers given by students to the
multiple-choice questions of the Turkish test in the ABIDE 2016 evaluation as well as of teacher
questionnaire data. No additional data collection tools were employed besides the ones indicated here.
Table 3 shows the number of items per booklet for the ABIDE 2016 assessment.

Table 3

ABIDE 2016 Booklet Types and No. of Items
A Booklet B Booklet C Booklet
9+9=18items 9+9=18items 9+9=18items
Al: 18+2 pilot=20 items B1: 18+2 pilot=20 items C1: 18+2 pilot=20 items
A2: 18+2 pilot=20 items B2: 18+2 pilot=20 items C2: 18+2 pilot=20 items
A3: 18+2 pilot=20 items B3: 18+2 pilot=20 items C3: 18+2 pilot=20 items
A4: 18+2 pilot=20 items B4: 18+2 pilot=20 items C4: 18+2 pilot=20 items

Source: ABIDE 2016 Report

The present study focuses on the items included in the Turkish test within Booklet A of the ABIDE 2016
assessment. Booklet A consists of nine multiple-choice and nine open-ended questions. The answers
given for the open-ended items were scored as incorrect (0), partially correct (1), and correct (2). As for
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the multiple-choice items, the items were scored as either correct (1) or incorrect (0). The nine multiple-
choice items were included within the scope of the study.

Data Analysis

The research data were analyzed in three stages. The first stage involved examining the missing values,
outliers, and the number of multicollinearity assumptions. The second stage concerned the establishment
of the achievement model for the subject of Turkish and the attempts to verify the said model. As for
the final stage, it was about testing the measurement invariance of the models established on the basis
of the educational backgrounds and professional experience levels of teachers using the MGCFA
method.

Examining Assumptions

Certain assumptions and requirements for the data obtained from the sample must be tested to minimize
the problems that may arise prior to the SEM analyses. These can be listed as missing values, outliers,
normality, and multicollinearity (Cokluk, Sekercioglu & Biiyiikoztiirk, 2010).

Missing values

The initial step before continuing with the analyses involved the examination of missing values. There
are different approaches for dealing with missing values. The missing data must be completely random
for these approaches to be used. 365 students were excluded from the present study because the data
were categorical, the sample size was large, and the missing values accounted for less than 5% of the
data and were distributed randomly. The missing values within the data used for the study ranged
between 0.2% and 1.6%.

Outliers and Normality

The outliers and the assumption of normality were not examined as the data employed in the present
study were categorical.

Multicollinearity

For this assumption, the relationships among the items in each factor must be analyzed. A correlation
value exceeding 0.90 among the items gives rise to the issue of multicollinearity. A high correlation
signifies that the items assess similar properties (Tabachnick & Fidell, 2013). Therefore, the question of
whether the correlations were below 0.90 within the tetrachoric correlation matrix was examined. Table
4 shows the tetrachoric correlation matrices.

Table 4
Tetrachoric Correlation Matrix
T0005 T0006 T0009 T0012 T0013 T0016 T0020
T0005 1
T0006 0,193 1
T0009 0,192 0,195 1
T0012 0,173 0,214 0,192 1
T0013 0,299 0,259 0,313 0,217 1
T0016 0,236 0,214 0,242 0,167 0,356 1
T0020 0,317 0,351 0,305 0,271 0,388 0,311 1

Based on the information given in Table 4, there is no multicollinearity among the items as all correlation
values among them are below 0.90. Additionally, the tolerance values and variance inflation factors
were examined in consideration of multicollinearity. The assumption is accepted if the tolerance value
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is greater than 0.1 and the variance inflation factor value is lower than 10 (Tabachnick & Fidell, 2013).
Table 5 features the values obtained at the end of the analyses.

Table 5

Tolerance and Variance Inflation Values
Items VIF Tolerance
T20160005 1,082 0,925
T20160006 1,079 0,927
T20160009 1,077 0,929
T20160013 1,059 0,945
T20160016 1,133 0,883
T20160017 1,092 0,916
T20160020 1,170 0,855

Table 5 proves that all tolerance values are greater than 0.1 and the variance inflation factor values are
lower than 10, indicating the absence of multicollinearity.

All the assumptions were examined and the missing values were excluded from the study. Thus, the
dataset was rendered suitable for MGCFA. The stage following these analyses involved the specification
of the model. The dataset was subjected to EFA prior to the establishment of the model. Then, the model
established was confirmed using CFA and modeled using a path diagram.

Exploratory Factor Analysis

EFA was calculated on the basis of 9 multiple-choice items covered within the scope of the study. It was
conducted on the Factorl0 software based on the tetrachoric correlation matrices since the data were
categorical. The KMO value was calculated as 0.747>0.60 while Bartlett's Test of Sphericity revealed
the value of p<0.001 for the Turkish test used for the study. In this regard, one might argue that the
dataset is suitable for EFA.

The EFA results revealed that the items are collected under a single factor, which is an expected outcome
according to the existing body of literature on achievement tests. However, the factor loadings for items
no. T20160017 and T20160001 were calculated to be 0.109 and 0.257, respectively, leading to their
exclusion from the study. The explained variance rate was 36.76% after the exclusion of the two items.
Seven items in the Turkish test were collected under a single factor named "Achievement in Turkish".
Table 6 shows the factor loadings for the items.

Table 6

Item Factor Loadings for the Tests
Items Factor Loadings
T20160020 0,666
T20160013 0,622
T20160016 0,502
T20160009 0,467
T20160006 0,461
T20160005 0,458
T20160012 0,387

Table 6 shows the factor loadings for the items in the test range between 0.387 and 0.666.
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Multi-Group Confirmatory Factor Analysis (MGCFA)

MGCFA provides the researcher with information on both the structural validity of the items and the
invariance of this validity among groups (Gregorich, 2006). Therefore, MGCFA was used to examine
whether the Achievement in Turkish model satisfies the condition of measurement invariance in terms
of the professional experience and educational background of teachers within the scope of the study.
The stages of the MGCFA were tested using the Mplus 7 analysis software, using the estimation method
of WLSMV. Furthermore, the analyses were conducted based on the tetrachoric correlation matrix
generated according to the data. The model created at each level was assessed based on the fit indices
of x2, RMSEA, CFI, and TLI. In MGCFA, one variable is fixed, and other variable values are left to
change. This variable is also called the reference variable (Joreskog & Sorbom, 1993). Within this
context, item no. T20160020 was set to be the reference variable in the study.

While identifying groups based on professional experience within the scope of the study, the amounts
of time teachers spent in the profession were categorized as 0-5, 6-15, and 16+ years. Then, durations
between 0 and 5 years were identified as "'short experience™ while those ranging between 6 and 15 years
were called "medium-level experience™ and periods exceeding 16 years were categorized as "extensive
experience". In terms of education status, the groups identified were "Associate Degree”, "Bachelor's
Degree", and "Master's Degree".

Four hierarchical models or hypotheses are tested in measurement invariance through MGCFA. In each
level, the differences between chi-squares and fit indices, which are the prerequisites for advancing into
the next step, were examined. Table 7 shows the goodness-of-fit and acceptable fit levels of the fit
indices. The difference between the models as far as the fit indices of CFI and TLI are concerned must
be between -0.01 and 0.01. The studies by Cheung & Rensvold (2002) and Vandenberg & Lance (2000)
indicated that the chi-square difference must be taken into consideration for measurement invariance. In
models classified as such, it was also asserted that the use of the changes in the y2?/Sd value and fit
indices would produce more accurate and reliable results.

Results

This section discusses the findings regarding measurement invariance among the student groups formed
based on the professional experience levels (short, medium-Ilevel, extensive) as well as on education
levels (Associate Degree, Bachelor's Degree, Master's Degree) of their teachers both using and not using
sub-sampling. The stages of measurement invariance examined through MGCFA were implemented in
pairwise groups and the fit indices and the differences between these indices were reported in each
invariance level. The order of these levels, as indicated previously, were as follows: configural, metric,
scalar, and strict invariance. Table 7 features the fit indices obtained from the invariance tests regarding
the model displaying the achievement in Turkish among the student groups formed based on the
professional experience of teachers.

Table 7
Fit Indices for the Model Indicating the Success in Turkish Among Student Groups Formed Based on

the Professional Experience of Teachers
Levels of

. X2 sd RMSEA CFl  TLI AX?2  ASd  ACFI  ATLI
Invariance
Configural 67,238 28 0,022 0987 0981 -
Metric 4,819
Short. 64682 34 0017 099 0990 Tl 6 0,003 0,009
Medium  Scalar 80,534 40 0018 0987 0986 074 ¢ 0,003 0,004
p=0,011
Strict 69,843 33 0,019 0988 0985 2828 0,001 0,001
p=0,076
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Configural 56,844 28 0,024 0984 0976 - -
Metric 11,063
short. 65462 34 0,022 0983 0979 T ies O 0,001 0,003
Extensive  Scalar 74949 40 002 0981 0980 02 g 0002 0,001
p=0,1237
Strict 56,038 33 0,019 0987 o984 8030 7 0,006 0,004
p=0,011
Configural 48734 28 0,017 0993 0989 - -
Metric 8,147
Medium. 54177 34 0,015 0993 0991 Lo 6 0,000 0,002
Extensive  Scalar 60,779 40 0,014 0993 0992 OB 7 0,000 0,001
p=0,319
Strict 53107 33 0015 0993 0991 % 7 0000 0001
p=0,240

According to Table 7, the values for short and medium-level experience in the structural equation model
were calculated as RMSEA=0.022, CFI=0.987, and TL1=0.981. In the metric invariance model, index
values were found to be RMSEA=0.017, CFI=0.990, and TLI=0.990, the chi-square difference
(p=0.567) was insignificant, and the difference between ACFI=0.003 and ATLI=0.009 was within the
desired range (-0.01 - +0.01). In the scalar invariance model, while the indices were calculated as
RMSEA=0.018, CFI1=0.987, and TLI=0.986 and the chi-square difference (p=0.011) was significant,
the difference between ACFI=0.003 and ATLI=0.004 was within the desired range (-0.01 - +0.01). In
the strict invariance model, index values were found to be RMSEA=0.019, CFI=0.988, and TL1=0.985,
the chi-square difference (p=0.076) was insignificant, and the difference between ACFI=0.001 and
ATLI=0.001 was within the desired range (-0.01 - +0.01).

The indices were found to be RMSEA=0.024, CFI1=0.984, and TLI=0.976 in the structural equation
model for short and extensive experience levels. In the metric invariance model, index values were found
to be RMSEA=0.022, CFI=0.983, and TL1=0.979, the chi-square difference (p=0.086) was insignificant,
and the difference between ACFI=0.001 and ATLI=0.003 was within the desired range (-0.01 - +0.01).
In the scalar invariance model, index values were found to be RMSEA=0.022, CFI=0.981, and
TLI1=0.980, the chi-square difference (p=0.123) was insignificant, and the difference between
ACFI=0.002 and ATLI=0.001 was within the desired range (-0.01 - +0.01). In the strict invariance mode,
while the indices were calculated as RMSEA=0.019, CFI1=0.987, and TLI=0.984 and the chi-square
difference (p=0.011) was significant, the difference between ACFI=0.006 and ATLI=0.004 was within
the desired range (-0.01 - +0.01).

The indices were found to be RMSEA=0.017, CFI1=0.993, and TLI=0.989 in the structural equation
model for the instances of medium-level and extensive experience. In the metric invariance model, index
values were found to be RMSEA=0.015, CFI=0.993, and TLI=0.991, the chi-square difference
(p=0.227) was insignificant, and the difference between ACFI=0.000 and ATLI=0.002 was within the
desired range (-0.01 -+0.01). In the scalar invariance model, index values were found to be
RMSEA=0.014, CF1=0.993, and TLI1=0.992, the chi-square difference (p=0.319) was insignificant, and
the difference between ACFI=0.000 and ATLI=0.001 was within the desired range (-0.01 - +0.01). In
the strict invariance model, index values were found to be RMSEA=0.015, CFI=0.993, and TL1=0.991,
the chi-square difference (p=0.240) was insignificant, and the difference between ACFI=0.000 and
ATLI=0.001 was within the desired range (-0.01 - +0.01).

The RMSEA, CFI, and TLI values indicate that all models display goodness-of-fit while the ACFI and
ATLI values display the necessary conditions for the advancement to the next model. Therefore, the
Achievement in the Turkish model among the student groups formed based on the professional
experience levels of teachers (i.e., short, medium-level, extensive) fulfilled all the levels of measurement
invariance. Table 8 shows the fit indices obtained from the invariance tests regarding the model
displaying the achievement in Turkish among the student groups formed based on the educational
background of teachers without using the method of sub-sampling.
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Table 8
Fit Indices for the Models Indicating the Achievement in Turkish Among Student Groups Formed Based
on the Educational Background of Teachers

Levels o x2 sd RMSEA CcA  TLI AX?  ASd  ACFI  ATLI
Invariance
Configural 52318 28 0,015 0994 099 -
Metric 5,848
Associate. 53,969 34 0,013 0,995 0,994 520,440 6 0,001 0,004
Bachelor  Scalar 62620 40 0013 0994 0994 0 g 0,001 0,000
p=0,157
Strict 58399 33 0,015 0993 0992 %% 0,001 0,002
p=0471
Configural 27888 28 0,000 1,000 1,001 -
Metric 7,759
Acodinte. 3863 34 0015 0994 0992 .. 6 0006 0009
Master  Scalar 46918 40 0026 0976 0975 /% 6 0018 0017
p=0,067
Strict 38,928 33 0,027 0,979 0,974 8,341 7 0,003 0,001
p=0,303
Configural 53508 28 0,016 0,993 0990 -
Metric 11,214
Bachelor. 62468 34 0015 0993 0991 oo 6 0000 0001
Master  Scalar 720774 40 0015 0992 0992 o2t 6 0001 0001
p=0,183
Strict 66625 33 0017 0991 0989 o7 7 0001 0003
p=0,334

According to Table 8, the indices were calculated as RMSEA=0.015, CF1=0.994, and TLI=0.990 in the
structural equation model for the instances of having an associate degree or a bachelor's degree. In the
metric invariance model, index values were found to be RMSEA=0.013, CFI=0.995, and TLI[=0.994,
the chi-square difference (p=0.44) was insignificant, and the difference between ACFI=0.001 and
ATLI=0.004 was within the desired range (-0.01 - +0.01). In the scalar invariance model, index values
were found to be RMSEA=0.013, CFI=0.994, and TLI=0.994, the chi-square difference (p=0.16) was
insignificant, and the difference between ACFI=0.001 and ATLI=0.000 was within the desired range (-
0.01 - +0.01). In the strict invariance model, index values were found to be RMSEA=0.015, CFI=0.993,
and TLI=0.992, the chi-square difference (p=0.47) was insignificant, and the difference between
ACFI=0.001 and ATLI=0.002 was within the desired range (-0.01 - +0.01).

The indices were calculated as RMSEA=0.000, CFI=1.000, and TLI=1.001 in the structural equation
model for the instances of having an associate degree or a master's degree. In the metric invariance
model, index values were found to be RMSEA=0.015, CFI=0.994, and TLI=0.992, the chi-square
difference (p=0.26) was insignificant, and the difference between ACFI=0.006 and ATLI=0.009 was
within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be
RMSEA=0.026, CFI=0.976, and TL1=0.975, the chi-square difference (p=0.07) was insignificant, and
the difference between ACFI=0.018 and ATLI=0.017 was within the desired range (-0.01 - +0.01). In
the strict invariance model, index values were found to be RMSEA=0.027, CFI=0.979, and TLI=0.974,
the chi-square difference (p=0.30) was insignificant, and the difference between ACFI=0.003 and
ATLI=0.001 was within the desired range (-0.01 - +0.01).
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The indices were calculated as RMSEA=0.016, CFI=0.993, and TLI1=0.990 in the structural equation
model for the instances of having a bachelor's degree or a master's degree. In the metric invariance
model, index values were found to be RMSEA=0.015, CFI=0.993, and TLI=0.991, the chi-square
difference (p=0.015) was significant, and the difference between ACFI=0.000 and ATLI=0.001 was
within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be
RMSEA=0.015, CFI1=0.992, and TLI1=0.992, the chi-square difference (p=0.183) was insignificant, and
the difference between ACFI=0.001 and ATLI=0.001 was within the desired range (-0.01 - +0.01). In
the strict invariance model, index values were found to be RMSEA=0.017, CFI1=0.991, and TLI1=0.989,
the chi-square difference (p=0.33) was insignificant, and the difference between ACFI=0.001 and
ATLI=0.003 was within the desired range (-0.01 - +0.01).

The RMSEA, CFI, and TLI values indicate that all models display goodness-of-fit while the ACFI and
ATLI values display the necessary conditions for the advancement to the next model. Therefore, the
Achievement in Turkish model among the student groups formed based on the educational backgrounds
of teachers (i.e. associate degree, bachelor's degree, master's degree) fulfilled all the levels of
measurement invariance.

The previous Table shows the findings regarding measurement invariance for the models indicating
achievement in the subject of Turkish among the student groups formed based on the educational
background of teachers without using the method of sub-sampling. For comparative purposes, Table 9
shows the fit indices obtained from the invariance tests regarding the model displaying the achievement
in Turkish among the student groups formed based on the educational background of teachers using the
method of sub-sampling. As the DIFFTEST command on the Mplus software used to calculate the chi-
square difference test for the sample obtained through sub-sampling produced no results, the difference
test outcomes were calculated manually, leading to the use of the "=" sign for indicating the chi-square
difference results as they are approximate values.

Table 9
Fit Indices for the Models Indicating the Achievement in Turkish Among Student Groups Formed Based

on the Educational Background of Teachers (Sub-Sampling Method)
Levels of

_ x? Sd  RMSEA CFI TLI AX%?  ASd  ACFI  ATLI
Invariance
Configural 20975 28 0015 0985 0987 -
_ Metric 35818 34 0014 0984 0990 O g 0oo1 0003
Associate— p=0,50
Bachelor  Scalar 42815 40 0016 0980 0986 Sj 3725 6 0,004 0,004
Strict 6450 33 0018 0079 0,980 223550 7 0,009 0,004
Configural
28051 28 0006 0997 1000 -
_ Metric 35,078 34 0013 0992 0991 2 6 0005 0009
Associate- p=0.25
Master  Scalar 47015 40 0026 0974 0973 ;283077 6 0018 0018
Strict 38898 33 0027 0978 0973 2i(1)730 7 0,004 0,000
Configural
30,178 28 0,017 098 099 -
Metric 39,813 34 0,023 0,979 0,978 9,635 6 0,009 0,012
Bachelor- p=0.15
Master  Scalar 46,785 40 0023 0976 0978 2%235 6 0003 0,000
Strict 20383 33 0027 0975 0971 Sﬁ8250 7 0,001 0,007
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According to Table 9, the indices were calculated as RMSEA=0.015, CF1=0.985, and TLI=0.987 in the
structural equation model for the instances of having an associate degree or a bachelor's degree. In the
metric invariance model, index values were found to be RMSEA=0.014, CFI1=0.984, and TLI1=0.990,
the chi-square difference (p=0,50) was insignificant, and the difference between ACFI=0.001 and
ATLI=0.003 was within the desired range (-0.01 - +0.01). In the scalar invariance model, index values
were found to be RMSEA=0.016, CFI1=0.980, and TLI=0.986, the chi-square difference (p=0,25) was
insignificant, and the difference between ACFI=0.004 and ATLI=0.004 was within the desired range (-
0.01 - +0.01). In the strict invariance model, index values were found to be RMSEA=0.018, CFI=0.979,
and TLI=0.980, the chi-square difference (p=0.50) was insignificant, and the difference between
ACFI=0.009 and ATLI=0.004 was within the desired range (-0.01 - +0.01).

The indices were calculated as RMSEA=0.006, CFI=0.997, and TLI1=1.000 in the structural equation
model for the instances of having an associate degree or a master's degree. In the metric invariance
model, index values were found to be RMSEA=0.013, CFI=0.992, and TLI=0.991, the chi-square
difference (p=0.25) was insignificant, and the difference between ACFI=0.005 and ATLI=0.009 was
within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be
RMSEA=0.026, CFI1=0.974, and TLI=0.973, the chi-square difference (p=0.07) was insignificant, and
the difference between ACFI=0.018 and ATLI=0.018 was within the desired range (-0.01 - +0.01). In
the strict invariance model, index values were found to be RMSEA=0.027, CFI=0.978, and TL1=0.973,
the chi-square difference (p=0.30) was insignificant, and the difference between ACFI=0.004 and
ATLI=0.000 was within the desired range (-0.01 - +0.01).

The indices were calculated as RMSEA=0.017, CFI=0.988, and TLI1=0.990 in the structural equation
model for the instances of having a bachelor's degree or a master's degree. In the metric invariance
model, index values were found to be RMSEA=0.023, CFI=0.979, and TLI=0.978, the chi-square
difference (p=0.15) was insignificant, and the difference between ACFI=0.009 and ATLI=0.012 was
within the desired range (-0.01 - +0.01). In the scalar invariance model, index values were found to be
RMSEA=0.023, CFI1=0.976, and TLI=0.978, the chi-square difference (p=0.35) was insignificant, and
the difference between ACFI=0.003 and ATLI=0.000 was within the desired range (-0.01 - +0.01). In
the strict invariance model, index values were found to be RMSEA=0.027, CF1=0.975, and TL1=0.971,
the chi-square difference (p=0.50) was insignificant, and the difference between ACFI=0.001 and
ATLI=0.007 was within the desired range (-0.01 - +0.01).

The RMSEA, CFl, and TLI values indicate that all models display goodness-of-fit while the ACFI and
ATLI values display the necessary conditions for the advancement to the next model. Therefore, the
Achievement in the Turkish model among the student groups formed based on the educational
backgrounds of teachers (i.e., bachelor's degree and master's degree) fulfilled all the levels of
measurement invariance.

In the pairwise comparisons made between student groups created in consideration of the educational
backgrounds of teachers, the Achievement in Turkish model fulfilled the conditions for all levels of
measurement invariance as was the case in the analysis not using the sub-sampling method. However,
the fit indices in the analysis not making use of the sub-sampling method were in a range displaying
better fit, signifying that the model is a better fit for the data.

Discussion and Conclusion

The present study examined whether the Turkish test in ABIDE 2016 assessment met measurement
invariance among student groups created on the basis of the professional experience and educational
backgrounds of teachers. Within this scope, the initial step was to look at the assumptions of MGCFA.
After those assumptions were met, the model specified with EFA for both courses was confirmed using
CFA. Then, the model was confirmed using CFA for each sub-group under the levels of professional
experience and educational background. Finally, each level of measurement invariance was examined
in the required order.

The Achievement in the Turkish model satisfied all levels of measurement invariance (i.e., configural,
metric, scalar, strict) among the groups of professional experience. This shows that the item factor
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loadings, item threshold values, and error variances are similar among the student groups created based
on the instances of short, medium-level, and extensive professional experience of teachers (0-5 years,
6-15 years, and 16+ years). Within this context, one might argue that the averages, observed variances,
and covariances of the scores obtained from students in the Turkish test may be compared and that
potential differences in student scores stem from the differences in professional experiences of teachers
(i.e., 0-5 years, 6-15 years, 16+ years).

However, the fulfillment of the conditions of measurement invariance in the Achievement in Turkish
model among student groups created based on the professional experience of teachers must not be
interpreted in a way suggesting that professional experience is the only factor affecting the varying levels
of student achievement. According to the results of ABIDE 2016 assessment, student achievement
generally increases with the increase in the professional experience of teachers. Similarly, Greenwald,
Hedges & Laine (1996) also indicated that teachers with more than five years of professional experience
are more productive.

The Achievement in the Turkish model satisfied all levels of measurement invariance (i.e., configural,
metric, scalar and strict) among the groups formed based on educational background. This means that
the item and factor groups, item factor loadings, item threshold values, and error variances are similar
among the student groups created based on the educational backgrounds of teachers (associate degree,
bachelor's degree, master's degree). Within this context, the averages, observed variances, and
covariances of the scores obtained from students in the Turkish test may be compared and the potential
differences in student scores might be attributed to the differences in the education statuses of teachers
in terms of having an associate degree, bachelor's degree, or master's degree.

The academic literature on the subject matter reports varying results concerning the positive or negative
impact of the educational backgrounds of teachers on student achievement. This is indicated to source
from the differentiation in the curricula of master's degree programs (Akyiiz, 2006). However, the body
of research generally suggests that as the education level of the teacher increases, so does the student
achievement. As far as ABIDE 2016 is concerned, the findings state the opposite.

Similarly, to those regarding professional experience, the comparisons concerning the education level
of teachers must take other variables into consideration as well. The question of whether the student
groups created based on the educational backgrounds of teachers are similar in terms of other variables
must be taken into account while interpreting research outcomes. The examination of measurement
invariance within the scope of studies making comparisons among groups showing other similarities
apart from the property analyzed would provide more information regarding the significance of the
comparisons made.

As the number of teachers included in the sample containing those with bachelor's degrees was much
higher than other groups, the method of sub-sampling was applied as suggested by Yoon & Lai (2018)
by selecting 100 different samples on the R software and their averages were used in the subsequent
levels. This allowed the researcher to conduct analyses by equalizing the number of students within the
groups of teachers having associate degrees, bachelor's degrees, or master's degrees. Furthermore, the
student groups formed based on the education level of teachers were also analyzed without using the
method of sub-sampling. Even though both analyses found similar results, the fitness of the model for
the data used was reported to be higher in the measurement invariance analysis without using sub-
sampling. As the fitness tendency of the data regarding the model increases in the case where sub-
sampling is not applied, the method concerned might be used in studies where sub-groups of the sample
are distributed unevenly.
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