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As a result of the content analysis, in the studies investigating the measurement
invariance, typical response tests were observed to be the most frequently
KEYWORDS employed tests, sample sizes often included 1501 or greater number of subjects,
and data were mostly collected from students. The measurement invariance of the
tests was mostly analyzed in terms of the gender variable. According to the results
: of the bibliometric analysis, on the other hand, only Multi-Group Confirmatory
Analysis, Factor Analysis was mostly conducted on the Mplus software package. In the
Content analysis, studies, the most cited article was "Cheung and Rensvold (2002)", the author was
"Cheung, G. W.", and the journal was "Structural Equation Modeling: A
Multidisciplinary Journal". According to the results of the analysis, studies,
references, and keywords including factor analysis were among the most
commonly used group, which denotes that factor analysis has a crucial role in
invariance measurement analyses.
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1. INTRODUCTION

Science is defined as a whole consisting of systematic information; yet, the validity of this
information should be accepted (Karasar, 2016). Accordingly, the validity of the information
must be recognized so that it can be evaluated scientifically. In order for the validity of the
information to be accepted, measurement results are needed. The branches of science have two
dimensions: theoretical and experimental. In the theoretical dimension, facts and factual
relationships are conceptually explained. Experimental/observational studies make it possible
to observe the phenomenon in question or relationships under suitable conditions and to
quantify or qualify the results of observation. The two dimensions have intertwined processes.
In other words, when making theoretical explanations according to the results of an observation,
we need observation results again to confirm these theoretical explanations. Precisely at this
point, science introduces the importance of measurement. The branches of science can maintain
their development in parallel with the development of measurement processes. Measurement is
the process of observing a characteristic and displaying the results of observation using symbols
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or numbers (Turgut, 1977). Measurement is the process of determining whether an individual,
an object, or a phenomenon has certain characteristics, and showing the degree of the feature
using numbers or symbols if the property sought is available (Tekin, 2012). A measurement
tool is as important as the measured feature and the thing measured. The validity and reliability
of the measurement results are directly correlated with the validity and reliability of the
measurement tool. For this reason, it is considered quite important for science that measurement
tools can make valid and reliable measurements.

Measurement tools vary by the fields of science. Fields of science are classified into three basic
fields: natural sciences, social sciences, and mathematics. Mathematics is absolute, but natural,
and social sciences have a relative nature. While social sciences focus on social phenomena,
natural sciences address natural events. The desire of human beings to have knowledge and
skills has come out to understand and control primarily their environment and then themselves.
For this reason, natural sciences date back to much older times than social sciences. Social
sciences concentrate human and human behaviors and interactions (Karasar, 2016). Therefore,
compared to natural sciences, the difficulty in making and controlling objective observations in
social sciences have a significant impact on the measurements made in this field.

Measurements made in social sciences often involve human characteristics. Measurement tools
used in these types of measurements are generally called a test. Some features can also be
measured with non-test techniques. While it is more convenient to observe some features with
non-test techniques, others can be observed with tests. Tests are measurement tools that consist
of stimuli (items) for a certain characteristic to be measured. The status of the individual
regarding this characteristic is determined by the response shown to theseitems. The extent to
which the tests or the results obtained from these tests serve the purpose and the error-free
nature of the tests are highly important in making decisions based on these results. Special
studies are required to obtain evidence for such features called validity and reliability. One of
these studies is the measurement invariance. Measurement invariance is defined as a condition
where individuals in different groups who have had the same observed score in terms of a
specific implicit structure get the same score at the subscale and item levels. According to the
statements in the Test Adaptation Guidelines (International Test Commission-ITC, 2005) and
the Standards of Measurement in Education and Psychology (American Educational Research
Association-AERA, American Psychological Association-APA, and National Council on
Measurement in Education-NCME, 1999), evidence of measurement invariance must be
obtained for tests which aim to make intergroup comparisons. Accordingly, to make decisions
about individuals and the groups that they belong to for many features and to make comparisons
between individuals and groups in social sciences, measurement invariance analyses are
considered to be highly important in making fair and appropriate decisions.

Although there are primarily invariance analyses at the test level under the name of
measurement invariance, studies for determining the Differential Item Functioning also aim to
determine the measurement invariance at item level (Holland &Wainer, 1993). As in many
study areas, measurement invariance studies, too, can vary in different aspects. Many variables
such as the test under investigation, measured feature, study group, and statistical technique and
statistical software used increase the variety of measurement invariance studies. In this sense,
determining the trends in the field by reviewing the measurement invariance studies is
considered important and necessary.

New developments in a particular field of study can be followed by reviewing scientific studies
such as projects, theses, and articles obtained as a result of a literature review. For this purpose,
periodical literature reviews help determine trends in a given field and guide new studies
(Chang, Chang & Tseng, 2010; Cohen, Manion & Morrison, 2007; Falkinghamé& Reeves, 1998;
Keselman et al., 1998; Kilbourne & Beckmann, 1998; Lee, Wu, & Tsai; 2009). In Turkey, the



Int. J. Assess. Tools Educ., Vol. 7, No. 4, (2020) pp. 607-630

number of educational researches is known to show a huge increase after the 2000s (Karadag,
2010; Goktas et al., 2012; Vega Arce et al., 2019). To reveal the quality of educational research,
information about the quality and quantity of studies should be questioned (Bacanak,
Degirmenci, Karamustafaoglu & Karamustafaoglu, 2011; Fazliogullar1 & Kurul, 2012).

When the literature is reviewed, it can be seen that studies conducted in Turkey for reviewing
the literature in the field of education consist of many review studies on Science Education
(Arici, Yildinim , Caliklar & Yilmaz, 2019, Chang, Chang & Tseng, 2010; de Jong 2007; Lin,
Lin & Tsai, 2014; Oren & Sar1, 2019; Sirakaya & Alsancak Sirakaya, 2020; Sozbilir & Kutu,
2008; Lee, Wu & Tsai, 2009; Tsai & Wen, 2005; White, 1997), Mathematics Education
(Aztekin& Taspinar Sener, 2015, Baki, Karatas, Akkan & Cakiroglu, 2011; Ciltas, Giiler &
Sozbilir, 2012; Hart, Smith, Swars & Smith, 2009; Ulutas &Ubuz, 2008), Social
StudiesEducation (Tarman, Giiven & Aktasli, 2011) Pre-School Education (Yilmaz &
Altinkurt, 2012), chemistry education (Eybe & Schmidt, 2001; Ulutas, Uner, Turan Oluk,
Yal¢in Celik & Akkus, 2015) specialeducation (Aslan &Ozkubat, 2019), Classroom Teacher
Education (Kii¢iikoglu & Ozan, 2013; Akaydin & Cegen, 2015), EducationalSciences (Arik &
Tiirkmen, 2009; Dogan & Tok, 2018; Erdem, 2011; Erdem Aydin, Kaya, Iskol&Iscan, 2019;
Hsu, 2005; Karadag, 2009; Selgcuk, Kandemir, Palanci & Diindar, 2014; Tavsancil et al.,
2010).PsychologicalCounseling and Guidance (Seger, Ay, Ozan & Yilmaz, 2006), Curriculum
and Instruction (Saracaloglu & Dursun, 2010; Hazir Bikmaz, Aksoy, Tatar & Atak Altinyiiziik,
2013; Ozan & Kose, 2014), Educational Administration (Aydin, Erdag & Sarier, 2010; Aypayet
al., 2010; Turan, Karadag, Bektas & Yalcin, 2014; Murphy, Vriesenga & Storey, 2007),
Educational Technology (Bozkutet al., 2015; Erdem Aydin, Bozkaya& Gen¢ Kumtepe, 2019;
Erdogmus & Cagiltay, 2009; Goktas et al., 2012; Giilbahar & Alper, 2009; Hew, Kale & Kim,
2007; Ozyurt & Ozyurt, 2015; Zainuddin,et al., 2019).

Studies that investigate the relevant literature can be conducted to determine trends in the field
while the review of studies on a particular topic in the field allows a detailed examination of
that area. One example of this situation involves studies on leadership (Ozkan, 2016) or special
education in early childhood in Turkey (Onciil, 2014). The field of study of this research is
measurement and evaluation in psychology and education. According to the content analysis
studies in journals of education, the field of measurement and evaluation ranks fourth and sixth
in journals overseas and Turkey, respectively (Hsu, 2005; Selcuk et al., 2014; Yal¢in, Yavuz
ve Ilgiin Dibek, 2015). Accordingly, it is necessary to increase studies on research trends by
conducting content analysis studies in an important field of educational sciences such as
measurement and evaluation.

The review of trend studies in the field of measurement and evaluation shows that many content
analysis studies have been conducted on scale development and adaptation (Acar Giivendir &
Ozer Ozkan, 2014; Bastos, Celeste, Faerstein & Barros, 2010; Boztung Oztiirk, Eroglu &
Kelecioglu, 2015; Ciim & Kog, 2013; Hinkin, 1995; Kapuscinski & Masters, 2010; Ladhari,
2010; Morgado, Meireles, Neves, Amaral & Ferreira, 2017; Sveinbjornsdottir & Thorsteinsson,
2008; Sahin & Boztung Oztiirk, 2019; Tavsancil, Giiler & Ayan, 2014; Worthington &
Whittaker, 2006). In a trend study, 40 papers and 49 researches related to the "Measurement-
Evaluation" dimension of the 2004 primary education program were examined (Kazu & Aslan,
2013). In another study conducted by Senyurt and Ozer Ozkan (2017) master's theses on
measurement and evaluation in education were examined methodologically and thematically.
Kazu and Deniz (2019) evaluated the studies investigating teachers in terms of using
measurement and evaluation techniques. Gotch and French (2014) reviewed studies on teachers'
evaluation literacy. Apart from these, trend researches are required in many other areas of
measurement and evaluation. Kieffer, Reese and Thompson (2001) investigated statistical
techniques used in education and psychology studies. Yal¢in (2016) studied 584 articles for
many aspects from the field of measurement and evaluation indexed in the Social Science
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Citation Index (SSCI). According to this study, measurement invariance took place in 41 areas.
In this sense, measurement invariance can also be said to have a crucial role in the field of
measurement and evaluation. Vandenberg and Lance (2000) analyzed 14 studies published
between 1971 and 1998 aiming to define and develop measurement invariance theoretically and
within the framework of ConfirmatoryFactor Analysis (CFA) and 67 studies published between
1982 and 1999 which tested hypotheses intending to study measurement invariance. In studies
in both groups, reviews focused on how the CFA procedure is carried out. Another trend
research that examined studies published between 2000 and 2007 and analyzed measurement
invariance of measurement tools in terms of different groups by using CFA was conducted by
Schmitt and Kuljanin (2008). This study addressed the study areas (intelligence, depression,
etc.), groups that were compared (gender, age, etc.), whether the scale was translated, and the
analysis steps of measurement invariance (Schmitt &Kuljanin, 2008). Accordingly, when the
related literature is analyzed, it can be seen that the measurement invariance trend studies focus
on the framework of CFA. Although measurement invariance studies have been handled in
terms of variables such as the subject area, compared groups, and translation of the scale, it can
be said that these variables are limited. The measurement invariance studies usually deal with
with the CFA steps. Nevertheless, reviews examining the studies conducted in 2008 and on
have not been found. The analysis of measurement invariance studies published in recent years
in several aspects and in terms of several variables is considered important in this respect.

For inter-group comparisons to be made fairly and appropriately, the tests must meet the
measurement invariance assumption. Studies conducted to determine the measurement
invariance are known to differ in many aspects. There is a need for literature reviews to
determine trends in the related area. As with similar studies in many fields, trend studies can
also be conducted on measurement invariance. For this reason, this study aims to analyze
studies conducted on measurement invariance in the last 12 years and reveal the trends in terms
of several variables such as what groups were involved in measurement invariance, the type of
measurement tool in terms of the measured feature, the size of the study group, the statistical
technique and software used, and the bibliometric analysis regarding most frequently used
keywords, cited articles, authors, and journals.

2. METHOD

This study used the review model since it aimed to examine the measurement invariance articles
that were published between 2008 and 2019 in three journals, which are reviewed on SSCI,
according to some specific criteria, and to reveal trends in this area (Karasar, 2017).

2.1. Population and Sample

The universe of the study consisted of articles on measurement invariance published in journals
reviewed on SSCI. Sampling was conducted in two stages in this study, which used the criterion
sampling method, which is a purposive sampling method (Patton, 2002). Accordingly, first, the
journals were selected. The criteria in the selection of journals were as follows: the journal
should be in the field of educational sciences, it should include the words "measurement" or
"evaluation", and it should have a high impact factor. Accordingly, the following journals were
included in the sample when they were sorted according to impact factors.

* Educational and Psychological Measurement
* Journal of Psychoeducational Assessment
» Applied Measurement in Education
In the second stage of sampling, measurement invariance studies that were published between

2008 and 2019 and whose full-text version could be accessed were determined. However,
simulation studies that were not appropriate for the variables to be examined concerning the
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purpose of the research were excluded from the sample. Accordingly, the distribution of the
articles included in the present study by years and journals is given in Table 1.

Table 1. Distribution of articles examined within the scope of the study by journals and years

Years

2 2 2 2 9 2 X 22 = 2 2 3
Journal S & o5 o o o o o o & o o o

N N N N N N N N N N N N =
Applied Measurement in 0 0 1 0 0 0 0 1 0 1 0 0 3
Education
Educational and 5 7 4 1 1 2 1 1 0 0 3 0 25
Psychological
Measurement
Journal of 2 0 2 4 2 5 8 9 12 4 17 6 71
Psychoeducational
Assessment
Total 7 7 7 5 3 7 9 11 12 6 20 6 99

As seen in Table 1, 71 articles were included from the "Journal of Psychoeducational
Assessment", 25 articles from the "Educational and Psychological Measurement" journal, and
three articles from the "Applied Measurement in Education" journal. Regarding the distribution
of the articles by years, the majority of the articles (20) on measurement invariance were
published in 2018. A total of 99 articles published between 2008 and 2019 in these three
journals were reviewed.

2.2. Data Collection and Analysis

To collect data an article review form specific to this study was developed by examining the
article or thesis review forms previously used in similar studies in the literature (Tavsancil et.
al., 2010; Yalcin, 2016). The form consisted of a total of 10 sections including the code of the
article (M1, M2..); the name of the journal in which the article was published; the year of the
publication; the name of the article; the test whose invariance was analyzed; the type of the test,
whose measurement invariance was analyzed, in terms of the measured feature; the groups
between which invariance was analyzed; sample group; sample size; data analysis method; and
the statistical software package used.

Content analysis and bibliometric analysis methods were used for the analysis of the data
obtained. Content analysis can be done in the form of systematic coding of qualitative or
quantitative data within the framework of certain themes and classifications (Cohen et al., 2007;
Fraenkel et al., 2007). According to Falkinham and Reeves (1998), content analysis is specified
as a method used in studies in which piles of publications are analyzed or evaluated. In this
study, each article was analyzed according to each variable in the evaluation form, and the data
obtained were classified according to these variables. Themes were created for the qualitative
data obtained for each category. For example, themes such as maximum performance or typical
response test for the measurement tool whose invariance was analyzedor ethnicity, gender for
groups for which invariance was analyzed were created. The coding process in determining the
validity and reliability categories in content analysis depends on the comprehensibility, clarity,
and overlapping (Tavsancil& Aslan, 2001). For this purpose, 20 randomly selected articles from
the article group were re-analyzed by the researcher for intra-rater and inter-rater reliability.
Three different raters also reviewed another 20 randomly selected articles for inter-rater
reliability. No discrepancy was determined in both the intra-rater and inter-rater reliability
study.
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Another data analysis technique used in the study was bibliometric mapping analysis.
Bibliometrics is defined as the statistical analysis of articles, books, and other publications
(Oxford Dictionary, 2017). With bibliometric methods, the image of the related science field
can be obtained from bibliographic data obtained from databases (Zupic, 2015). Bibliometric
mapping method, on the other hand, is a widely used method in which visual and quantitative
findings obtained from the relationship between the data of certain fields in terms of certain
variables can be obtained (Small, 1999; Wang et al., 2016). In the present study, VOSViewer
1.6.14 software package was used for bibliometric analysis. The steps followed for the analysis
were as follows. The articles examined within the scope of the study were accessed on the WoS
and Ebscohost databases. The database widely used in bibliometric studies, especially for social
sciences, is the Web of Science (WoS) database (Yang et al., 2015). WoS database was
preferred in this study because it is a user-friendly database with easy-to-use rich content. A
folder containing the articles investigated within the scope of the study was obtained on the
Ebscohost and WoS databases. The data related to the source file obtained can be downloaded
by selecting the "Full Record and Cited References" option in the "Tab-delimited" file format,
which is a suitable file type for VOSViewer. Afterward, the related file is transferred onto the
program, the criterion (for example, the most used keywords) is determined, and the analysis is
completed (van Eck & Waltman, 2020). For this purpose, the following criteria were used for
the review: five matches for determining the most frequently used keywords, at least 20 views
for the most cited articles and authors, and at least 50 views for the most cited source. To
determine the criteria the criteria, the structure of the data was taken into account so that the
findings could be interpreted.

3. RESULT / FINDINGS

This section deals with findings and interpretations. For this purpose, firstly, content analysis
findings, and then bibliometric analysis findings were discussed.

3.1. Content Analysis Findings related to Studies and Trends in the Field of Measurement
Invariance

In the study, each article was examined under predetermined categories. Accordingly, while
examining the measurement invariance articles, the following categories were taken into
consideration: the type of the test, whose invariance was examined, in terms of the measured
feature; groups between which the invariance was examined; the study group; sample size; data
analysis method; and the software package used. Accordingly, Table 2 presents the distribution
of studies in the field of measurement invariance by maximum performance or the typical
response test variables regarding “the type of the test, whose invariance was analyzed, in terms
of the measured feature”.

Table 2. The distribution of tests analyzed in studies in terms of measured feature

Test type f %
Typical Response 75 75.76
Maximum Performance 24 24.24
Total 99 100.00

As seen in Table 2, 75.76% of the articles analyzed in the study were typical response tests (f
=75) while 24.24% of the tests were determined to be the maximum performance tests. When
the tests were examined, it is noteworthy that nine of the maximum performance tests were 1Q
tests, which outnumbered others. Table 3 presents the distribution of the measurement
invariance studies in terms of study group characteristics.
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Table 3. The distribution of the measurement invariance studies in terms of study group characteristics

Study Groups f %
Students 84 84.85
Teachers 9 9.09
Adults 8 8.08
All age groups 2 2.02
Total 103 100.00

As seen in Table 3, students were the most frequent study groups selected in measurement
invariance studies with 84.85%. On the other hand, studies selecting teachers as the study group
ranked second with 9.09%. Measurement invariance studies based on data obtained from adults
constituted 8.08% of all studies. Also, measurement invariance studies using all age groups
made up 2.02%. Under this classification, there were a total of 103 study groups. There were
four studies using more than one group. For example, the study coded M3 was found to use
data obtained from students and teachers. The distribution of measurement invariance studies
by sample size is given in Table 4.

Table 4. The distribution of measurement invariance studies by sample size

Size of the Study Group f %
1- 500 24 24.24
501 -1000 19 19.19
1001 — 1500 20 20.20
1501 or larger 36 37.37
Total 99 100.00

As seen in Table 4, the size of the study group was 1501 or larger in 37.37% of the 99 articles,
which examined the measurement invariance. Also, studies with a study group size in the range
of 1-500, 501-1000, and 1001-1500 made up 24.24%, 19.19%, and 20.20% of all studies,
respectively. The study coded M1 was conducted with a group of 144 people. On the other
hand, the study coded M46 was carried out with 42.163 people. This difference was observed
to arise from the number of groups used in the studies according to certain variables. For
example, in the study coded M1, the time-dependent invariance of the test was examined based
on data from a single group, while in the study coded M46, there were students from 10 different
grade levels. Table 5 shows the distribution of invariance studies by groups between which
invariance was examined.

Table 5. The distribution of invariance studies by groups between which invariance was examined

Variable f % Variable f %

Gender 42 4242 Place of residence 3 3.03
Ethnicity 15 15.15 Socio-economic level 3 3.03
Age 15 15.15 Experiment-Control 2 2.02
Country 9 9.09 Paper Pen Test- Computer Based Test 2 2.02
Culture 9 9.09 Status of Learning Difficulty 2 2.02
Education 8 8.08 Self-Peer Assessment 2 2.02
Types of school 6  6.06 Use of Tests in Low-High Risk Exams 1 1.01
Grade level 6 6.06 With—Without Diagnosis of ADHD* 1 1.01
Time 6 6.06 Learning difficulty due to ADHD* 1 1.01
Inter-rater 4 4.04 Student-teacher 1 1.01
Language 3 3.03 Face-to-Face / Online Course 1 1.01

Total =142 %=100.00

*ADHD: Attention Deficit Hyperactivity Disorder
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The examination of the variables in Table 5 indicated that the tests were mostly analyzed
regarding whether they showed measurement invariance for the gender variable. Accordingly,
in 42.42% of the articles examined, the invariance of measurement was examined in terms of
gender variable. Gender was followed by some demographic characteristics such as age
(15.15%), socio-economic level (3.03%), and place of residence (3.03%). Also, cultural
variables are important in the measurement invariance studies analyzed. Accordingly, the
variables such as ethnicity with 15.15%, country with 9.09%, culture with 9.09%, and language
with 3.03% drew attention as cultural variables. On the other hand, education-related variables
such as education level (8.08%), school type (6.06%), and grade level (6.06%) also appeared
to be among the most used variables in testing invariance of tests. The learning difficulty was
another variable employed in the analysis of the measurement invariance of tests. Accordingly,
the measurement invariance was also analyzed in terms of learning difficulty with 2.02%, with—
without a diagnosis of ADHD with 1.01%, and learning difficulty due to ADHD with 1.01%.
Also, the rate of articles analyzing the time-dependent invariance of the tests was 6.06%. In
terms of the application methods of the tests, the invariance of the Paper-Pen Tests-Computer-
Based Tests (2.02%) was also analyzed in the articles examined. In additiont the invariance of
tests was analyzed in terms of their use in Low-High Risk Exams (1.01%). Inter-rater invariance
was another variable that was analyzed in the studies. For example, inter-rater invariance
studies accounted for 4.04% of the total measurement invariance studies, and the self-peer
assessment made up 2.02%. Also, the invariance of inter-group tests was studied in the
experimental studies. Accordingly, the measurement invariance of the tests applied in terms of
experiment-control groups (2.02%) and students taking face-to-face / online courses (1.01%)
was examined, too. The examination of the statistical techniques used for measurement
invariance analysis in the articles which examined the measurement invariance indicated that
the "Multi-Group Confirmatory Factor Analysis" technique was used in all studies. Table 6
presents the distribution of studies according to the statistical software packages used to conduct
this analysis.

Table 6. The distribution of studies according to the statistical software packages used

Statistical Software f %
Mplus 54 54.55
LISREL 14 14.14
Amos 11 11.11
R 7 7.07
Not specified 6 6.06
EQS 6 6.06
SAS/STAT® software 1 1.01
Total 99 100.00

The examination of Table 6 showing the distribution by statistical software packages indicated
that the most frequently used statistical software package in measurement invariance studies
was Mplus with 54.55%. Also, LISREL, Amos, and EQS, which are often used for structural
equation modeling, were also used in studies which investigate measurement invariance with
14.14%, 11.11%, and 6.06%, respectively. R, which is the latest launched software package,
was used in 7.07% of the studies. On the other hand, SAS/STAT® was observed to be used in
just one of the studies. Besides, 6.06% of the measurement invariance studies were found to not
specify the statistical software employed.
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3.2. Bibliometric Analysis Findings Regarding Studies and Trends in the Field of
Measurement Invariance

With bibliometric mapping analysis, the findings obtained for 99 articles which investigate the
measurement invariance were included in this study are presented under this heading. The
articles were examined in terms of the most frequently used keywords, the most cited
publications, the most cited authors, and the most cited journals. Most frequently used
keywords, with at least five matches, were examined in the measurement invariance articles.
Accordingly, the map obtained as a result of the analysis is given in Figure 1 and the frequency
values for each keyword are given in Table 7.

validation
motiggtion

academic aghievement measugement cross-gultural

research mgthodolo,
o St factor sfructure

research methqgelogy evaluatio

psychometrics confirmatorygfiactor analysis
researchigvaluation
sex disgibution factotﬁalysis
measure invariance i
reliabilit
structural equation modeling n% v apility
b guestignnaires
descriptiy@ statistics correlatiomy(statistics)

goodnesspf-fit tests

gender differences

Figure 1. The most frequently used keywords in studies in the field of measurement invariance

Table 7. The most frequently used keywords in studies in the field of measurement invariance

Keywords f Keywords f
Measurement invariance 46 Confirmatory factor analysis 9
Factor analysis 31 Goodness-of-fit tests 8
Research methodology evaluation 23 Self-evaluation 8
Research methodology 15 Reliability 7
Questionnaires 14 Factor structure 6
Validity 14 Correlation 5
Descriptive statistics 13 Students 5
Research evaluation 12 Academic achievement 5
Measurement 10 Cross-cultural 5
Psychometrics 9 Motivation 5
Structural equation modeling 9 Validation 5
Sex distribution 9 Gender differences 5

As seen in Figure 1 and Table 7 showing the most frequently used keywords in measurement
invariance studies, as expected, the most frequently used keyword was "measurement
invariance" (f=46). "Factor analysis" (f=31), "Structural equation modeling" (f=9),
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"Confirmatory factor analysis" (f=9), "Goodness of fit tests" (f=9), and "Factor structure" (f=6)
were among the most used keywords, which revealed the importance of factor analysis for
measurement invariance studies. Also, the frequent use of "Research methodology evaluation"
(f=23), "Research methodology" (f=15), and "Research evaluation" (f=12) keywords showed
the importance of research methodology in measurement invariance studies. Besides, the
frequent use of keywords such as "Validity" (f=14), "Reliability" (f=7), and "Validation" (f=5)
supported the view that measurement invariance was an important proof of validity and
reliability. Of the most frequently used keywords in measurement invariance studies,
"Questionnaires" (f=14), "Descriptive statistics" (f=13), "Measurement" (f=10),
"Psychometrics" (f=9), "Self-evaluation" (f=8), and "Correlation" (f=5) were observed to be
important concepts for the field of Measurement and Evaluation. Similar to the findings of
content analysis, the use of keywords such as "Students" (f=5), "Gender distribution" (f=9),
"Gender differences" (f=5), and "Intercultural" (f=5) indicated that measurement invariance
studies often used data obtained from students, invariance was most frequently investigated
over gender variable, and that intercultural invariance had a considerable place in measurement
invariance studies. Moreover, the frequent use of keywords such as "Academic achievement"
(f=5) and "Motivation" (f=5) showed that invariance studies regarding these features were often
conducted. Figure 2 shows the map obtained according to the results of the analysis regarding
the most cited articles with at least 20 views cited in measurement invariance articles. Also,
Table 8 presents the citation frequency values of each publication.

browne mw, 1948, sociol method
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steenkamp jberty 1998, j consum
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Figure 2. The most cited publications in studies in the field of measurement invariance

The examination of the measurement invariance studies in Table 8 showing the most cited
publications indicated that publications using factor analysis, goodness of fit, and structural
equation modeling statistics were cited considerably (fy1=65, fy>=51, fv4=27, fy5=27, fy6=26,
fys=14, fy11=12, fyio=11, fy13=11, fy14=10, fy16=10). Accordingly, 11 of the 16 most cited
publications were based on the statistical processes used in the analysis of measurement
invariance. The publication titled "A Review and Synthesis of the Measurement Invariance
Literature: Suggestions, Practices, and Recommendations for Organizational Research" by
Vandenberg and Lance (2000) was the most cited (fyz =43) publication. There were four studies
dealing with the theoretical, application, and evaluation dimensions of measurement invariance
(fy3=43, fy7=14, fy10=12, fy15=10). In parallel with the content analysis findings, the user
manual (fyo=13) about the Mplus software package, which is widely used in structural equation
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modeling statistics, was among the most cited publications. Figure 3 shows the map obtained
according to the results of the analysis done for determining the most cited authors with at least
20 citations, and Table 9 shows the frequency values of the citations.

Table 8. The most cited publications in studies in the field of measurement invariance

Study Name of Publication Title f
Code  The Author
Yl Cheung Evaluating Goodness-of-Fit Indexes for Testing Measurement 65
&Rensvold (2002) Invariance
Y2 Hu &Bentler (1999) Cutoff criteria for fit indexes in covariance structure analysis: 51
Conventional criteria versus new alternatives
Y3 Vandenberg & Lance A Review and Synthesis of the Measurement Invariance 43
(2000) Literature: Suggestions, Practices, and Recommendations for
Organizational Research
Y4 Meredith (1993) Measurement invariance, factor analysis and factorial 27
invariance
Y5 Byrne, Shavelson Testing for the equivalence of factor covariance and mean 27
&Muthén (1989) structures: The issue of partial measurement invariance
Y6 Chen (2007) Sensitivity of Goodness of Fit Indexes to Lack of 26
Measurement Invariance
Y7 Horn &Mcardle (1992) A practical and theoretical guide to measurement invariance in 14
aging research
Y8 Hu &Bentler (1998) Fit indices in covariance structure modeling: Sensitivity to 14
underparameterized model misspecification
Y9 Muthén and Muthén Mplus User’s Guide. Sixth Edition. Los Angeles, CA: 13
(2007) Muthén&Muthén
Y10  Widaman&Reise Exploring the measurement invariance of psychological 12
(1997) instruments: Applications in the substance use domain
Y11 Kline (2005) Methodology in the social sciences. Principles and practice of 12
structural equation modeling (2nd ed.). Guilford Press.
Y12  Little (1997) Mean and Covariance Structures (MACS) Analyses of Cross- 11
Cultural Data: Practical and Theoretical Issues
Y13  Browne &Cudeck Alternative ways of assessing model fit. In K. A. Bollenand J. 11
(1993) S. Long (Eds.), Testing structural equation models (pp. 136-
162)
Y14  Satorra&Bentler (2001) A scaled difference chi-square test statistic for moment 10
structure analysis
Y15  Steenkamp & Assessing Measurement Invariance in Cross-National 10
Baumgartner (1998) Consumer Research
Y16  Brown (2015) Confirmatory factor analysis for applied research. The 10
Guilford Press.

As seen in Table 9 and Figure 3, the most cited author was Cheung, G. W. (f=80). Cheung, G.
W was also one of the authors of the most cited publications (fy1=65). According to the findings,
the most cited authors were sequenced similar to the most cited publications. Also, the
references to some authors who did not have a publication among the most cited publications
were quite high. This might be because the total number of citations to different publications of
the related authors was high. These authors included Marsh, H.W. (f=47), Millsap, R.E. (=29),
Martin, A. (f=26), Reynolds, C.R. (f=22), Hancock, G. (f=20), and Bandura, A. (f=21). On the
other hand, the book titled "Statistical Approaches to Measurement Invariance" which was
written by Millsap, R.E. (f=29) was seen as an important source that addresses measurement
invariance. Regarding the investigation of references to measurement invariance studies, Figure
4 shows the bibliographic map obtained considering the references to each journal according to
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the results of the analysis done for determining the most cited journals that had at least 50 views,
and Table 10 shows the frequency values of the citations.
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Figure 3. The most cited authors in studies in the field of measurement invariance

Table 9. The most cited authors in studies in the field of measurement invariance

Author f Author f
Cheung, G. W. 80 Bentler, P. 27
Byrne, B. M 77 Martin, A. 26
Hu, L. 75 Little, T. 24
Marsh, H. W. 47 Browne, M. W. 22
Vandenberg, R. J 45 Reynolds, C. R. 22
Chen, F. F. 39 Bandura, A 21
Muthen, L. 36 Muthen, B. 20
Meredith, W. 30 Satorra, A. 20
Millsap, R. E. 29 Hancock, G. 20
Horn, J. L. 28

As seen in Figure 4 and Table 10, the reference to the journal named "Structural Equation
Modeling: A Multidisciplinary Journal" was quite high (f=235). This might be because
structural equation modeling has an important place in the investigation of measurement
invariance. On the other hand, journals that use the word “psychology” or its derivations in their
name were also observed to be cited Journals such as "Psychometrika" (f=103), "Psychological
Bulletin" (f=96), "Educational and Psychological Measurement" (f=84), "Psychological
Methods" (f=79), "Journal of Psychoeducational Assessment" (f=75), "Journal of Educational
Psychology" (f=73), and "Psychological Assessment" (f=51) can be given as examples. This
reveals that measurement invariance is important especially in psychological measurements.
Also, parallel to the fact that the most used keywords were related to the research methodology,
these journals were found to contain the word “research” e.g. "Multivariate Behavioral
Research" (f=57), "Organizational Research Methods" (f=54). Considering the importance of
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measurement invariance for measurements conducted in the field of education, journals such
as "Educational and Psychological Measurement" (f=84), "Journal of Psychoeducational
Assessment" (f=75), and "Journal of Educational Psychology" (f=73) were observed to have
educational content. On the other hand, journals such as "Journal of Psychoeducational
Assessment" and "Journal of Educational Psychology", which contained the articles analyzed
in the study, were also among the most cited journals.
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Figure 4. The most cited sources in studies in the field of measurement invariance

Table 10. The most cited sources in studies in the field of measurement invariance

Source f
Structural Equation Modeling: A Multidisciplinary Journal 235
Psychometrika 103
Psychological Bulletin 96
Educational and Psychological Measurement 84
Psychological Methods 79
Journal of Psychoeducational Assessment 75
Journal of Educational Psychology 73
Multivariate Behavioral Research 57
Organizational Research Methods 54
Structural Equation 54
Psychological Assessment 51

4. DISCUSSION and CONCLUSION

This study examined 99 articles in the field of measurement invariance published between 2008
and 2019 using content and bibliometric analyses. Accordingly, the majority of the articles were
found to address the measurement invariance of typical reaction tests. Also, maximum
performance tests were among the tests whose measurement invariance was examined. Studies
handling inter-group measurement invariance regarding characteristics such as interest,
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perception, attitude, and personality measured by typical reaction tests were found to
outnumber studies investigating measurement invariance of features such as intelligence or
success which were measured by maximum performance tests. Similarly, typical reaction tests
were found to be widely used in trend surveys related to the field of science education in Turkey
(Erdem, 2011; Goktas et al., 2012; Selcuk et al., 2014). Also, according to the results of a
content analysis study on educational journals with the highest impact factor, the most used
tests were achievement tests (Yalgin, et al., 2015). However, in another study in which journals
in the field of measurement and evaluation with high impact factors were examined,
achievement tests were found to be used in more than half of the studies (Yal¢in, 2016).
Accordingly, unlike studies in educational sciences and especially in the field of measurement
and evaluation, the invariance of typical reaction tests can be said to be analyzed more in
measurement invariance studies.

In studies investigating the measurement invariance, the study group or sample was found to
consist mostly of students. On the other hand, the study group or samples were also observed
to include teachers, adults, and all age groups in measurement invariance studies. This is
because students are the focus group in education, and measurement tools developed for
students are more than other elements of education. In trend surveys conducted in Turkey in
the field of educational sciences, the research group or sample was determined to often consist
of students (Arik & Tiirkmen, 2009; Goktas, et. al., 2012; Selguk et al., 2014; Senyurt & Ozer-
Ozkan, 2017; Yalgin, et al., 2015).

Since structural equation modeling is used in measurement invariance analysis, comparisons
between models are known to be based on model fit indexes. For this reason, since many studies
have revealed that the group size affects the model fit indexes (Fan & Sivo, 2007; Fan,
Thompson & Wang, 1999; Hu & Bentler, 1998; Lei & Lomax, 2005; Mabhler, 2011), the size
of the group has an important place in measurement invariance studies. Particular attention
should be paid to the size of the compared groups. In articles investigating the measurement
invariance, the size of study groups or samples was mostly 1501 and above. The sample size
increases according to the number of groups for which the invariance is examined. Yet, the
average study group or sample size was determined as 3436.39. In the studies found in
educational journals with a big impact factor, sample sizes were much higher (Yal¢in, 2016;
Yal¢in, et al., 2015). For example, the average sample size was 81.008 according to the content
analysis related to journals that had the highest impact factor and which were reviewed on SSCI
in the field of educational sciences (Yalgin, et al., 2015). This is associated with simulation
studies and the availability of data from large-scale applications. However, since this study did
not include simulation studies, the sample sizes of studies reported here were lower. Sample
sizes were even smaller in studies investigating research in the field of educational sciences
held in Turkey (Arik & Tiirkmen, 2009; Goktas et al., 2012; Selcuk et al., 2014).

In this study, which examined measurement invariance studies, the invariance of measurement
tools was found to be mostly analyzed in terms of gender variable. Also, demographic variables
such as age, socio-economic level, and place of residence were among the variables that were
analyzed for the invariance of measurement tools. Besides, according to the articles examined
within the scope of the study, the invariance of the tests was also analyzed in terms of cultural
variables such as ethnicity, country, culture, and language. However, some variables related to
education were also considered important for the invariance of the tests. These variables can be
listed as education level, school type, and grade level. Although the rate was not high, the
measurement invariance of measurement tools was also analyzed according to the diagnostic
variables of the learning difficulties of individuals. There were also time-dependent invariance
analyses that provided important evidence of validity and reliability. The invariance of
measurement tools was also analyzed in terms of exam types including paper-pen, computer-
based, or low-high risk tests. Finally, measurement invariance analyses were carried out based
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on the rater (such as self-peer) or groups created for experimental studies (such as experiment-
control). This can be explained by the fact that measurement invariance analyses are performed
in terms of many variables since human behaviors measured by measurement tools are complex
and abstract. While developing measurement tools, many variables are taken into account from
writing items to the selection of groups in experimental studies. However, evidence of whether
the measurement tool shows invariance in terms of some variables cannot be obtained during
the development stage of the measurement tool. For this reason, conducting measurement
invariance studies regarding the important variables is considered to be very important
primarily for the validity and reliability of the measurement tool. In their trend analyses on
measurement invariance articles, Schmitt and Kuljanin (2008) conducted measurement
invariance analyses considering the sub-groups created according to gender, ethnic, cultural,
linguistic, and other demographic variables. Indeed, cultural variables have great importance.
It is especially necessary to analyze invariance for cultural variables in tests adapted to different
cultures. This may explain the abundance of invariance studies conducted in terms of cultural
variables in this study. In their trend study investigating measurement invariance studies, which
was conducted by Schmitt and Kuljanin (2008), 20 out of 75 articles were tests translated from
another language. Similarly, it can be concluded that in invariance studies, invariance analyses
are conducted for demographic variables and adapted tests.

In this study, which discusses the measurement invariance of some measurement tools in terms
of some variables, the measurement tools and the variables for which the invariance is analyzed
show variety, as stated earlier. All of these studies have one aspect in common; that is, they use
“Multi-Group Confirmatory Factor Analysis” as the statistical analysis technique. Accordingly,
75 out of 88 articles which were published between 2000 and 2007 and which used the term
“measurement invariance” were found to employ confirmatory factor analysis (Schmitt &
Kuljanin, 2008). Studies in which measurement invariance studies are analyzed were also
determined to use measurement invariance analyses based on the analysis of the difference in
variance and covariance matrices, but they were not preferred as much as CFA (Vandenberg &
Lance, 2000; Schmitt & Kuljanin, 2008).

The examination of the measurement invariance studies according to the statistical programs
used indicated that more than half of the studies had used Mplus statistical software package,
and this was followed by LISREL, Amos, R, EQS, and SAS/STAT® according to the frequency
of use. Also, some studies had not specified the statistics program employed. In a study
investigating articles from the field of measurement and evaluation which had a high impact
factor and were reviewed on SSCI, the most frequently used statistical software packages in the
descending order were R, Mplus, and SAS (Yalgin, 2015). In another study in the field of
educational sciences analyzing articles from journals that had a high impact factor and which
were reviewed on SSCI, the frequently used statistical software packages were Mplus, SPSS,
and SAS, respectively. On the other hand, the statistical software packages mostly used in trend
research in Turkey were SPSS and LISREL, respectively (Arik & Tiirkmen, 2009; Dogan &
Uluman, 2015). The findings obtained in this study were almost similar to other studies
conducted in the field of educational sciences. In some articles, the name of the statistical
software was not given. This can be due to concerns about avoiding the advertisement in the
case of paid software.

As a result of the bibliometric analyses of the measurement invariance studies, the analysis of
most frequently used keywords, most cited publications, authors, and sources was conducted.
The most frequently used keyword was found to be "measurement invariance". In addition to
this, the words specific to factor analysis were used also widely. Among them were the
keywords such as "factor analysis", "confirmatory factor analysis", "factor structure", and
"goodness of fit tests". Another group of frequently used keywords was related to research
methodology such as "evaluation of research methodology", "research methodology", and
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"research evaluation", which indicate that measurement invariance studies have an important
place in research methodology. Similarly, "validity", "reliability", and "validation" keywords
were also among the frequently used keywords. Accordingly, it has been re-established that the
measurement invariance is directly related to validity and reliability. Validity and reliability
cannot be achieved unless evidence regarding measurement invariance is obtained (Vanderberg
& Lance, 2000). Some basic concepts of measurement and evaluation such as "surveys",
"descriptive statistics", "measurement", "psychometrics", "self-evaluation" and "correlation"
were also included in the measurement invariance studies. Another set of frequently used
keywords was observed to include "gender", "gender distribution", “gender differences", and
"intercultural". In line with the results of the content analysis, the keyword "students" was found
to be among the frequently used keywords. Moreover, "academic achievement" and
"motivation" keywords, which are frequently measured concepts in education and psychology,

were among the most used keywords in measurement invariance studies.

The article named "Evaluating Goodness-of-Fit Indexes for Testing Measurement Invariance"
written by Cheung and Rensvold (2009) was determined to be the most frequently cited
publication among measurement invariance studies published in three journals in the field of
measurement and evaluation, which had a high impact and which were reviewed on SSCI. This
publication was followed by "Cutoff criteria for fit indexes in covariance structure analysis:
Conventional criteria versus new alternatives", which was written by Hu and Bentler (2009).
Apart from these, nine other publications, which were among the most cited were related to
statistical processes for analyzing measurement invariance. Vandenberg and Lance's (2000)
publication named "A Review and Synthesis of the Measurement Invariance Literature:
Suggestions, Practices, and Recommendations for Organizational Research" was another most
frequently cited study that addressed both statistical processes and trend research regarding
measurement invariance comprehensively. Schmitt and Kuljanin (2008) referred to the study
of Vandenberg and Lance (2000) in their trend research on measurement invariance and stated
that they aimed to examine studies published after this study. Similar to the study of
Vandenberg and Lance (2000), the studies of Horn and Mcardle (1992), Widaman and Reise
(1997), and Steenkamp and Baumgartner (1998), which dealt with the theoretical, application
and evaluation aspects of measurement invariance, were also among the most cited
publications. The publications of Horn and Mcardle (1992) and Steenkamp and Baumgartner
(1998) were included in the analysis group during reviewing the study of Vandenberg and
Lance (2000), which aimed to define and develop measurement invariance theoretically.
According to the content analysis findings, the most used statistical software package was
"Mplus". The user manual (fyo=13) of the Mplus statistical software package, which is widely
used in structural equation modeling statistics, was also among the most cited publications. This
user manual was written by Muthén and Muthén (2007) and named "Mplus User’s Guide".

According to the results of bibliometric analysis of the measurement invariance studies, the
most cited author was identified as Cheung, G. W. In parallel to the most cited publications, the
authors of the publications were also in the most cited authors list. This list also included the
following authors: Marsh H. W., Millsap R. E., Martin A, Reynolds C. R, Hancock G., and
Bandura A. Moreover, the author of the publication that addressed statistical methods regarding
measurement invariance, Millsap, R. E. (2011) was among the most cited authors.

When the measurement invariance studies were examined in terms of the most cited sources
(journals, publishing houses, etc.), the journal with the highest reference was the "Structural
Equation Modeling: A Multidisciplinary Journal". In addition to this, journals from the field of
psychology such as "Psychometrics", "Psychological Bulletin", "Educational and
Psychological Measurement", "Psychological Methods", "Journal of Psychoeducational
Assessment", "Journal of Educational Psychology", and "Psychological Assessment" were also
found to be among the most cited journals. This may be associated with the fact that the
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measurement invariance of typical response tests was analyzed more. On the other hand,
journals such as "Multivariate Behavioral Research" and "Organizational Research Methods"
were also frequently cited, which were considered to show up associated with research
methodology related keywords. Concerning the place and importance of measurement
invariance in the field of measurement and evaluation in education, the following journals from
the field of educational research were among the most cited journals: "Educational and
Psychological Measurement", "Journal of Psychoeducational Assessment", and "Journal of
Educational Psychology".

4.1. Recommendations

According to the findings, the measurement invariance of the maximum performance tests was
analyzed less frequently compared to the typical response tests. However, the results of
maximum performance tests can provide insights into making important decisions about
individuals such as placement in an educational institution or recruitment for a job. For this
reason, we recommended that the measurement invariance analysis of maximum performance
tests should be increased in terms of many variables to make fairer and more appropriate
decisions about individuals.

According to the results obtained from the study, the majority of measurement invariance
analyses were found to be done considering the gender variable. Also, many other variables
were handled in measurement invariance studies. Accordingly, more reviews and studies should
be carried out to guide the developers of measurement tools in terms of showing which variables
should be analyzed for a given measurement tool. Considering the importance of measurement
invariance in terms of validity and reliability, measurement invariance analyses should be
carried out within the scope of validity and reliability studies to emphasize this significance for
measurement tool developers, especially for the item writing process.

Given the finding that measurement invariance studies are mostly based on data obtained from
students, the measurement invariance studies of measurement tools used in the field of
education and psychology targeting groups such as teachers, administrators, and parents can
also be carried out. According to the results obtained from the study, many statistical software
packages were used in measurement invariance studies. In terms of measurement invariance
analysis, the advantages and disadvantages of the related software packages over each other
can be investigated.

In this study, measurement invariance studies were examined in terms of various variables.
However, we could not analyze the findings obtained as a result of the studies conducted. With
the investigation of studies which focus on the measurement invariance of certain measurement
tools through certain variables, significant interpretations can be put forward regarding the
validity and reliability of the related measurement tool. In this study, measurement invariance
studies published in three high impact factor measurement and evaluation journals that were
reviewed on SSCI were analyzed. Measurement invariance studies from different databases,
journals, years and countries can also be analyzed.
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