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Abstract

This paper aims to review the scale development research
published in Turkey between 2006 and 2016 with regard to their
processes of exploratory (EFA) and confirmatory factor analysis
(CFA). Within this scope, the distribution of the studies according
to years and factor analyses, the extent to which their hypotheses
came through for both analysis methods, and the distribution of
EFA and CFA results according to the published papers were
investigated. In this way, we aimed to infer significant results on
the practical application of EFA and CFA which are frequently
referred in theory. Hence, the present research incorporates a
descriptive document analysis on 131 scale development studies
published in the fields of education and social sciences in the
journals indexed in The Scientific and Technological Research
Council of Turkey (TUBITAK) TR Dizin data base between 2006
and 2016. Frequency tables, column charts, histogram, line charts,
and measures of central tendency were used to analyse the data.
More than 70% of 131 scale development studies were carried out
after 2013. The maximum number of studies was published in 2015,
and the minimum number in 2008. Only EFA was used in 59
articles, only CFA was used in 4 articles, and both analysis methods
were employed in 58 articles. The remaining 10 papers used none
of the analyses and included only item analyses. The average
sample sizes were 395 participants for EFA and 529 participants for
CFA. Sample sizes were accordingly adequate in terms of the factor
analyses. EFA and CFA were conducted over the same sample in
36 papers, whereas the analyses were based on different samples
in 22 ones. In terms of estimation, 65% of 117 EFA using papers
employed Principle Component Analysis (PCA), 2% used
Maximum Likelihood Estimation (MLE), 1% used Parallel Analysis
(PA), and 3% used Principle Axis Factoring (PAF), while 29% did
not specify their method of estimation. The hypotheses of EFA
analyses were examined in 93% of the papers. Scree plots were
taken into consideration when determing the number of factors in
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50% of the papers. Varimax rotation method was used in 67% of
the EFA using papers. The total variance explained was 53.05%.
The analytical hypotheses were not examined in 87% of the 62
studies conducted with CFA; 51 of them included track diagrams
and 52 included factor loadings. 90% of the papers did not give any
information on parameter estimation method. All indices, except
the Parsimony Goodness of Fit Index (PGFI), were acceptable as
model fit indices in the papers. The results from the papers
examined were evaluated in the light of the relevant literature in
the last section of the present paper, and some suggestions were
made in reference to both theory and practice.

Introduction

Scale development is applied as a systematic process so as to obtain a range of numerical
measures by using the indicators of a certain structure in psychology and behavioural sciences.
Davidshofer and Murphy (2005) divide scale development process into three parts, namely
constructing, standardising, and revising/updating the instrument. While some researchers limit scale
development to scale construction, others consider the standardisation within scale development
process. According to Crocker and Algina (1986), scale development process includes the stages of
identifying the primary purpose for which the test scores will be used, identifying the behaviours that
represent the construct or define the domain, preparing a set of test specification, constructing an initial
pool of items, pilot test, field test, item analyses, reliability and validity studies, as well as
standardisation. Clark and Watson (1995) define the scale development as a process encompassing a
clear description of the target structure, a careful construction of the item pool, testing those items on a
representative sample, analysing the factors and correlation between items, validity of dimensionality
and discrimination. In addition to the steps put forward by Crocker and Algina (1986), the scale
development process proposed by Erkus (2012) includes selecting the technique of scale development,
writing out explanations and guidelines, and applying re-test if necessary. Although the definitions and
steps differ from each other, the common primary aim of scale development is to construct a valid
measure of the underlying psychological construct (Clark & Watson, 1995).

The validity of an assessment instrument involves the process of gathering evidence to support
what is inferred from the test scores (Cronbach, 1984). The generally accepted classification by
American Psychological Association [APA], American Educational Research Association [AERA] and
National Counseling on Measurement in Education [NCME] (1974) grounds the validity evidence on
content, construct, and criterion. Content validity is related to whether items constitute a sample of
subject and behavioural area (Cronbach & Meehl, 1955). Expert opinion is generally taken to provide
evidence for content analysis. Criterion validity is about whether a test measures what is intended to
measure (Cureton, 1951). In order to get criterion-based evidence, researchers observe to what extent
the scale fits to the other scales in the literature that measure the same construct or the sub-constructs
and proved to be reliable and valid. Construct validity shows whether test scores can measure a
construct only via the indicators of that construct (Kline, 2016). In other words, construct validity
indicates the extent to which a construct is measured by a test or scale. According to Cronbach and
Meehl (1955), studies on group differences, correlation matrices, factor analyses, internal construct,
conditional changes, and processes can be used to get evidence for construct validity.

Factor analysis is the most widely used method in psychometric assessment (for construct
validity) of tests in applied research (Brown, 2015). Factor analysis, according to Kline (2016), is a
combination of statistical techniques aiming at reducing or simplifying the data, based on a correlation
or covariance matrix. Therefore, compared to simple item analyses, factor analysis is a highly effective
way to specify items or factors best explaining a construct (regarding the extent of variance). Two
techniques are used in this method of analysis whose foundations were laid in the 1900s (e.g. Spearman,
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1904). One of them is exploratory factor analysis and the other is confirmatory factor analysis.
Convenience of data type and quality, knowing the distribution of variables and reaching a sufficient
sample size are among the important assumptions in factor analysis techniques (Floyd & Widaman,
1995). In exploratory factor analysis, researchers aim to determine the optimal number of factors and to
reveal whether there are reasonable indicators for various potential aspects of measured variables/items
(Brown, 2015). Confirmatory factor analysis (Joreskog, 1967, 1971) tests whether a hypothetical factor
structure fits to the covariance structure observed for the variables measured (Floyd & Widaman, 1995).
Although they require a series of similar assumptions, exploratory and confirmatory factor analyses are
multivariate statistical methods with distinctive processes. As the present paper deals with the uses of
exploratory and confirmatory factor analyses, the processes and the contents of those processes for each
method will be clarified. Thus, the paper will provide a detailed information about exploratory and
confirmatory analyses.

The principal procedure of exploratory factor analysis (EFA) includes adequacy of sample size,
choosing the factor extraction method, examining the Kaiser-Meyer-Olkin (KMO) and Bartlett tests, as
well as scree plots and factor loads, choosing the factor rotation method, naming the factors, and
reporting the percentage of total variance explained. The recommended sample size for EFA is
minimum 300, with observations between 5 and 10 for each variable/item (Comrey & Lee, 1992;
Tabachnick & Fidell, 2012). 100 is poor, 200 is fair, 300 is good, 500 is very good, 1000 or more is an
excellent sample size according to Comrey and Lee (1992). Even though 10 observations for each
variable or 30 observations at least for each factor are recommended as well, greater sample size reduces
the error rate in resultant data and makes EFA function much better (Yong & Pearce, 2013). However,
Guadagnoli and Velicer (1988) assert that a sample of 150 or more participants can be adequate if factor
loads of several items exceed 0.80. In EFA, besides the adequate sample size, it is necessary to find out
whether the data fit to the factor analysis. Therefore, KMO and Bartlett tests should be analysed; the
KMO value is expected to be greater than 0.50 and Bartlett test should be significant (Hair, Anderson,
Tattham, & Black, 1995; Tabachnick & Fidell, 2012).

Choosing a suitable factoring method for analyses is quite important for the validity of the factor
structure obtained. There are various factor extraction methods like the Principal Components Analysis
(PCA), Principal Axis Factoring (PAF), Maximum Likelihood Estimation (MLE), Image Factoring,
Alpha Factoring, and Unweighted Least Squares and Generalized Least Squares. Among these, PCA
and PAF are the most commonly used ones (Henson & Roberts, 2006; Tabachnick & Fidell, 2012). PCA
is used widely than PAF is done (Thompson, 2004). The latter is usually preferred when the assumption
of multivariate normality is severely violated (Costello & Osborne, 2005).

In exploratory analysis, factor rotation is applied to maximise the load of each item on a factor
and to better interpret the factor structure (Rummel, 1988; Yong & Pearce, 2013). Factor rotation
methods are generally divided into two. One is orthogonal, the other is oblique rotation method
(Tabachnick & Fidell, 2012). Oblique rotation is used when factors are correlated; orthogonal rotation is
used when factors are less correlated (Costello & Osborne, 2005; Rummel, 1988). Quartimax
and Varimax are the most commonly used orthogonal rotation methods. Quartimax minimises the
number of factors giving high loadings to more than one items, whereas Varimax minimises the number
of items that have high loadings on more than one factor (Gorsuch, 1983; Yong & Pearce, 2013).
The most widely used methods of oblique rotation include Direct Oblimin and Promax. Although both
methods aim at simplifying the resultant structure, Promax is more effective in big and complicated
data (Gorsuch, 1983).
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Severel criteria are taken into consideration when deciding upon the number of factors (Hair et
al., 1995). Some of these methods include the Kaiser criterion (eigenvalues > 1), scree test, total variance
explained, and parallel analysis. Factor extraction is stopped when the total variance explained reaches
95%. The precentage of total variance explained can be reduced to 50-60% in social sciences. The scree
test is only reliable when you have a sample size of at least 200. A breaking point should be determined
for the test (Cattell, 1978). To determine that point, researchers draw a horizontal and vertical line
starting from each end of the curve (Yong & Pearce, 2013). According to Costello and Osborne (2005), a
crossloading occurs when the loads of an item are at 0.32 or higher on two or more factors. If the
crossloading results from the latent nature of the item, it can be retained. If it it is not so, the item may
be dropped from the model or compelled to have a difference (generally 0.1) between the factor loadings
(Yong & Pearce, 2013). Theoretically, there should be at least two or more items on each factor (Henson
& Roberts, 2006). Factor naming is the last stage of exploratory factor analysis. Factors need to be named
in consideration of what represent them best, though there is not any definite rule at this stage (Yong &
Pearce, 2013).

As for confirmatory factor analysis (CFA), observing the adequacy of sample size, checking the
assumptions, choosing the parameter estimation method, track diagram, ¢ values, factor loadings, x?,
Xx?/ degree of freedom (df), and fit indices are taken into consideration. The commony reported fit indices
are as follows:

e Root Mean Square Error of Approximation (RMSEA)
e Root Mean Square Residual (RMR)

e Standardized Root Mean Square Residual (SRMR)

e Normed Fit Index (NFI)

e Non-normed Fit Index (NNFI) or Tucker Lewis Index (TLI)
e Comparative Fit Index (CFI)

e Goodness of Fit Index (GFI)

e Adjusted Goodness of Fit Index (AGFI)

e Incremental Fit Index (IFI)

e Relative Fit Index (RFI)

e Parsimonious Normed Fit Index (PNFI)

e Parsimonious Goodness of Fit Index (PGFI)

For the CFA conducting research, Kline (2016) recommends a report of RMSEA and confidence
interval of 90%, x2 degree of freedom, as well as values of significance, CFI and SRMR. According to
Cabrera-Nguyen (2010), researchers should define the model accurately, determine its constant and
variable parameters, use more than one fit indices, give factor loads in tandem with significance values,
explain the reasons of modifications and choose an appropriate parameter estimation method. What
need to be reported in a CFA research, according to Brown (2015), include defining the model, making
the data ready for analysis, model estimation, evaluation, and conclusion. Brown (2015) provides a
reporting template as well.

The necessary assumptions for CFA differ from a parameter estimation method to another.
Maximum Likelihood (ML) and Least Squares (LS) are the commonly preferred methods considering
the data structure. Continous variables, a large sample size, and multivariate normal distribution of
variables are among the assumptions of ML method (Brown & Moore, 2012). If those assumptions are
violated, significance levels and goodness of model fit indices will not be estimated accurately because
of the resultant model errors. LS methods are used when variables are categorical. Robust ML (Bentler,
1995) or weighted LS (Muthén, du Toit, & Spisic, 1997) methods are preferred when normality is
violated with poor and moderate sample sizes. ML is widely used despite its sensitivity to sample size
(Brown & Moore, 2012). It is necessary, therefore, to select a large sample as far as possible in order to
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prevent the model errors. Since the adequate sample size for CFA varies in accordance with different
conditions (parameter estimation method, item number, factor number), there is not an accepted
number regarding the sample size (MacCallum, Widaman, Preacher, & Hong, 2001; Wolf, Harrington,
Clark, & Miller, 2013), but a sample size of 300 and more is expected in general (Worthington &
Whittaker, 2006). There are discussions over using the same sample with EFA and CFA. Worthington
and Whittaker (2006) argue that the data structure can be set forth empirically when EFA and CFA are
conducted on the same sample. However, Fabrigar, Wegener, MacCallum, and Strahan (1999) suggest
a random division of the sample into two parts if it is large enough and applying EFA to one and CFA
to the other. When the adequate sample size is ensured, each analysis can be conducted on different
samples randomly selected from the same population. Before CFA, besides the adequate sample size,
researchers should determine the imperfect and extreme values in the data, examine the uni- and multi-
variate normality, and check the multicollinearity (Ullman, 2012). In this way, they can both make the
data ready for analysis and select a parameter estimation method suitable for the data.

It is recommended to give the factor loadings together with significance levels and to show the
measurement models graphically in CFA conducting studies (Cabrera-Nguyen, 2010). Several analysis
programs (MPlus, EQS, LISREL, etc.) provide these values and graphs in their outputs. x?statistics is a
model assessment criterion provided in outputs and frequently reported in a great deal of studies.
Significance of this statistics means that the model does not fit well to the data. Although it is reported
routinely in many studies, x? value is usually not taken into consideration because the distribution
calculated may not reflect y2distribution, the value may prove to be significant in cases of large samples,
and it is based on the assumption that the estimated and expected model is equal. So the model fit is
decided in line with other fit indices (Brown, 2015). Due to this feature of x2 statistics, it can be said that
X*/sd value is also not a good criterion for model fit. Even though some researchers (Anderson &
Gerbing, 1984) consider x?/sd as an acceptable criterion for model fit if it is smaller than 5, Kline (2016)
points out that using this value as a criterion for model fit does not have logical and statistical grounds.
In the same vein, Wheaton (1987) suggested not to use this value in model fit assessments.

There are a number of indices used to assess model fit and various opinions on which indices
need to be reported. Kline (2016) suggests researchers to report RMSEA and confidence interval of 90%,
X% CFI and SRMR values at least in CFA studies, while Cabrera-Nguyen (2010) proposes the use of
more than one fit indices. According to Brown (2015), fit indices are divided into three groups, videlicet
the absolute fit indices (x2, SRMR ve RMR), parsimonious indices (RMSEA), and comparative indices
(CFI-IFI, TLI-NNFI); at least one index from each group should be used in reporting. Hu and Bentler
(1999) propose using the couples of NNFI (min. 0.96) and SRMR (max. 0.09), or RMSEA (min. 0.06) and
SRMR (max. 0.09), or CFI min. 0.96) and SRMR (max. 0.09) in line with the two-index strategy. Although
GFI and AGFI are frequenlty used, they are not recommended due to their poor performance in
simulation studies (Hu & Bentler, 1998; Marsh, Balla, & McDonald, 1988). Crowley and Fan (1997)
propose reporting as many indices as possible, because each index gives information about a different
aspect of the model fit. It is not appropriate to line up definite criteria for fit indices as they are affected
by a range of factors such as sample size, model complication level, estimation method (e.g. ML and
LS), data type (continuous and categorical), normality of data, misdefinition of model, etc. (Brown,
2015). Which indices should be used under what conditions when assessing the model fit can be found
in the relevant literature (Hooper, Coughlan, & Mullen, 2008; Hu & Bentler, 1999; Kline, 2016;
MacCallum, Browne, & Sugawara, 1996; Marsh & Hau, 1996; Steiger, 2007; Tabachnick & Fidell, 2012;
Wheaton, 1987). The acceptable values for fit indices compiled from the related literature are given in
Table 1.
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Table 1. Fit Indices and Acceptable Cut-off Points

Statistics Interpretation

Should be above 5 (Anderson & Gerbing, 1984);
Not recommended (Kline, 2016; Wheaton,1987)

Should be close to or below 0.06 (Hu & Bentler, 1999);

Below 0.08 is acceptable, below 0.05 shows a good fit, model rejected if above 0.1 (Browne
RMSEA & Cudeck, 1993);

Between 0.08 to 0.10 is mediocre fit (MacCallum et al., 1996);
Should be close to or below 0.07 (Steiger, 2007)
Should be as low as possible (Tabachnick & Fidell, 2012);
Not preferred due to its sensitivity to scale level (Hooper et al., 2008)
Should be close to or below 0.08 (Hu & Bentler, 1999);
Below 0.05 means a good fit (Byrne, 1998)
Above 0.90 means a good fit (Bentler & Bonnet, 1980);
NFI Should be above 0.95 (Hu & Bentler, 1999);
Up to 0.80 is acceptable (Hooper et al., 2008)

X?/sd

RMR

SRMR

Should be close to or above 0.95, between 0.90 and 0.95 is acceptable, model error if below

NNFI-TLI 0.90 (Hu & Bentler, 1998, 1999)

CFI Close to or above 0.95 shows a good fit, 0.90-0.95 is acceptable, model error if below 0.90
(Hu and Bentler, 1998, 1999)

IFI 0.90 and above shows a good fit (Marsh & Hau, 1996)

RFI 0.90 and above shows a good fit (Marsh & Hau, 1996)

GFI Should be above 0.95 (Miles & Shevlin, 1998);
0.90 and above shows a good fit (Hooper et al., 2008)

AGFI 0.90 and above shows a good fit (Hooper et al., 2008)

There is not a certain limit but can be as low as 0.50 (Hooper et al., 2008; Mulaik et al.,
PNFI 1989);

Should be above 0.80 (Marsh & Hau, 1996)

There is not a certain limit but can be as low as 0.50 (Hooper et al., 2008; Mulaik et al.,
PGFI 1989);

Should be above 0.80 (Marsh & Hau, 1996)

Since the fit index values given in Table 1 are examined, it is recommended that the RMSEA
value should be less than 0.10 and SRMR should not be less than 0.80. Considering the goodness of fit
indexes, it is recommended that PNFI and PGFI values should be greater than 0.50, NFI should be
greater than 0.80 and other index values should be greater than 0.90.

Hitherto we dealt with the basic procedure of output interpretation and necessary conditions
of factor analyses that provide significant evidence for the construct validity in scale development
research. This paper aims to examine some research in the related literature in terms of factor analysis
processes and, in this way, to achieve considerable results on how EFA and CFA, which are frequenlty
referred in theory, are applied in practice. Within the scope of this general aim, we noticed that there is
a limited number of studies on scale development and adaptation (Acar-Giivendir & Ozer-Ozkan, 2015;
Bayik & Giirbiiz, 2016; Ciim & Kog, 2013; Delice & Ergene, 2015; Erkus, 2016; Giil & S6zbilir, 2015; Sahin
& Boztung Oztiirk, 2018; Oztiirk, Eroglu, & Kelecioglu, 2015) and factor analysis processes
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(Thompson & Daniel, 1996; Worthington & Whittaker, 2006). Those studies deal with papers in Social
Science Citation Index (SSCI), a research sample, or how they handle analysis processes. The present
paper is important, therefore, in terms of examining the factor analysis processes used in all of the scale
development studies published between 2006 and 2016 in TUBITAK ULAKBIM National Data Base.
Reviewing all of the scale development papers published in the field of social sciences in the last decade
in TUBITAK ULAKBIM that is the most inclusive research database in Turkey is thought to light the
way for further research on the use of EFA and CFA. The research questions are as follows: In the scale
development studies published between 2006 and 2016 in Turkey;

1. What sort of results are reached regarding the use of exploratory factor analysis in the studies
examined?

2. What sort of results are reached regarding the use of exploratory factor analysis in the studies
examined?

Method

The present paper is a descriptive research due to the fact that it reports the existing properties
of the scale development studies in reference to exploratory and confirmatory factor analyses.
Descriptive studies aim at passing on the attributes of an analysis unit as they are, rather than
scrutinising their reasons (Fraenkel & Wallen, 2011). Document analysis, one of the qualitative research
methods, was used in the study. Document analysis is a systematic procedure to evaluate and review
both printed and electronic materials. It can be used as a supplemental research method or as a separate
technique (Bowen, 2009).

Study Group

This study examined totally 121 scale development studies published in the fields of education
and social sciences in the journals indexed in TUBITAK ULAKBIM Dergi Park data base between 2006
and 2016. The distribution of those studies according to years are given in Figure 1.
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Figure 1. Distribution of Studies to Years

As seen in Figure 1, the number of scales developed considerably increased in progress of time.
More than 70% of the scale development studies examined in this paper were carried out after 2013. The
maximum number of studies was published in 2015, and the minimum number of studies was
published in 2008 (Figure 1). EFA was used in 97% (Nera=117) of those studies and CFA was used in
51% (Ncra=62). Both analyses were employed in 48% (Nsorn=58) of the studies. EFA and CFA were
conducted on the same sample in 62% (Nsame=36) and on different samples in 38% (Nbirrerent=36) of 58
studies that used both EFA and CFA.
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Procedure

Within the scope of the research, we excogitated firstly on which data base or bases to take into
consideration. Instead of examining the studies only in a certain index, we decided to examine the
publications in the field of Social Sciences in TUBITAK Ulakbim National Data Base which is the most
inclusive one in Turkey. The keywords searched on the data base were “psychometric”, “scale”, “factor
analysis”, “validity”, and “development”. Following the search, 10 out of 131 studies published between
2006 and 2016 were excluded from the research since they did not involve EFA and/or CFA in their
analyses (Appendix 1). The search and selection of papers were followed by a detailed examination of
the primary and secondary sources in the literature on what is required to conduct EFA and CFA and
what are the possible outputs needing to be reported. What were taken into consideration for EFA
include the sample size, factor extraction method, Kaiser-Meyer-Olkin (KMO) and Bartlett tests,
whether scree plot and factor loadings were examined or not, factor rotation method, factor naming,
and whether the percentage of total variance explained was reported. What we examined for CFA
include the sample size, whether the assumptions were checked, what parameter estimation method
was used, whether track diagram, t values, factor loads and x? significance values were reported, x?/sd,
as well as RMSEA, RMR, SRMR, NFI, NNFI, CFI, GFI, AGFL IF], TLI, RFI, and PGFI. As for the studies
involving both analyses, it was seen important to examine whether confirmatory factor analysis was
conducted on the same sample or not. The data were input via Microsoft Office Excel 2016 after
determining what criteria to take into consideration prior to examining the studies.

Data Analysis

Document analysis technique which is in the scope of the present research, has advantages such
as easy access to many documents, no need of interaction with individuals or individuals, wide time
period for the research, easy access to large sample size, individuality and authenticity, low cost and
access to qualified resources. Some biases of findings, access to only very well-known or recognized
works, obtaining indirect information because of lack of real information in some cases, the difficulty of
access to resources, the adequate sample and coding difficulties can be considered as the main
deficiencies of document analysis technique (Bailey, 1982). Document review consists of reaching the
documents, examining and understanding the originality of documents, analyzing and reporting the
data steps. In this study, after reaching the articles in the education and social sciences fields published
in the TR Index, the data in the publications were examined and reported with appropriate statistical
and graphical methods.

Following the entry to Microsoft Office Excel 2016 of the data reported for EFA and CFA in the
scale development studies, we provided line charts with clustered columns and markers related to the
distribution of studies to years, the number of studies using different types of analysis, as well as the
number and percentage of studies conducting the two analyses on the same sample. Line charts with
clustered columns and markers, frequencies and percentages of factor rotation methods, total variance
explained, factor numbers, factor extraction methods, and average sample size for the studies with EFA
are presented. In addition, frequencies and percentages on whether Kaiser-Meyer-Olkin (KMO) and
Bartlett tests, scree plot and factor loads were examined and whether factors were named or not are
presented in tables. As for the CFA conducting studies, line charts with clustered columns and markers,
frequencies and percentages about the average sample size, parameter estimation method used, x?/sd
and the average fit index are presented. The frequencies and percentages on whether the assumptions
were checked, whether track diagram, t values, factor loads and x? significance values were reported
are presented in tables as well. The offset and threshold values in Table 1 were used when interpreting
the fit index values.
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In the coding phase of the document analysis, 10 articles were selected from 121 articles by two
researchers in order to ensure reliability. In order to ensure intercoder reliability, the reliability formula
proposed by Miles and Huberman (1994) (Number of agreed views / (Number of agreed views +
Number of disagreed views)) was used and the agreement coefficient was calculated as 0.92. In terms
of consistency between the data in the process of reviewing the articles, the researchers exchanged ideas
during the process where necessary.

Results

The results of the research need to be explained in the relevant tables, figures, charts, and images
in a way to support the aim and problem of the research as well as to ensure the integrity thereof.

The Results on the Use of Exploratory Factor Analysis
The distribution of the EFA using studies according to their sample sizes are presented in
Figure 2.
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Figure 2. Distribution of EFA Using Studies According to Sample Sizes

As seen in Figure 2, the most of the studies were carried out with a sample size over 500 (n=29).
The average sample is aproximately 395 for all of the studies. The number of studies with an average
sample size of 300 and above is more than half of the total number of studies (n=69). It can be said
accordingly that the majority of the studies were conducted with samples greater than 300.

The distribution of EFA using studies according to the factor extraction method they used is
given in Figure 3.
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Figure 3. Distribution of Studies According to Factor Extraction Methods They Used

As seen in Figure 3, a clear majority (%65.81) of the studies used the PCA factor extraction
method. Another remarkable finding is that more than a quarter (%29.06) of the studies did not give
any information on factor extraction method. 3 out of the studies we examined used PAF and 2 used
ML method. 1 study used Parallel Analysis (PA) as factor determination method.
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Figure 4 shows the distribution of EFA using studies according to the number of factors
obtained and the percentage of total variance explained.
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Figure 4. Distribution of Studies According to the Number of Factors Obtained and the
Percentage of Total Variance Explained

As seen in Figure 4, 13.68% of the studies were with one dimension. A large majority of studies
(n=103) ranges from 1 to 5 factors, while the number of studies (n=27) with three dimensions is the most.
The percentage of average total variance explained for the one-factor structures is 51.61, whereas it
varies from 49% to 62% for the structures with two or more factors. The percentage of average total
variance explained did not increase considerably in tandem with the increase in number of factors.

Figure 5 shows the distribution of EFA using studies according to the factor rotation methods
they used.
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Figure 5. Number of Studies Distributed According to Factor Rotation Methods

As Figure 5 demonstrates, 66.67% of the studies used VARIMAX rotation method. 22.22% of the
studies did not give any information on their factor rotation method. OBLIQUE and DIRECT OBLIMIN
were reported in 4 and 8 papers, respectively. One paper states that it used both of the oblique rotation
methods.

Table 2 shows the data on whether KMO and Bartlettt values, scree plot, factor naming and
factor loadings were reported or not in EFA using papers examined in this research.
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Table 2. Reporting the Values of KMO and Bartlett, Scree Plot, Factor Naming and Factor Loadings

KMO Value Bartlett Test Scree Plot Factor Naming Factor Loading
n % n % n % n % n %
Yes 110 94.02 109 93.16 58 49.60 93 91.18 112 95.73
No 7 5.98 8 6.84 59 50.40 9 8.82 5 427
Total 117 100 117 100 117 100.0 102 100.0 117 100.0

As seen in Table 2, KMO and Bartlett statistics were reported respectively in 94.02% and 93.16%
of 117 EFA using studies. While scree plot was reported in 49.60% of the studies, factor loadings were
givenin 95.73% of the papers. Factors were named in 91.18% of the papers, whereas the remaining 8.82%
did not fulfill factor naming.

Findings on the Use of Confirmatory Factor Analysis

Table 3 shows whether 62 CFA using studies checked their assumptions, whether they
demonstrated their measurement model with figures, and whether they reported t values, factor
loadings, and x? significance values.

Table 3. Checking the Assumptions, Figural Demonstration of the Measurement Model, Reporting t
Values, Factor Loadings, and x2 Significance Values

Figural
Checkin 2 Significance Demonstration
Assumpti(:gns ' %/alue of Measurement tvalues Factor Loadings
Model
n % n % n % n % n %
Yes 8 12.90 46 74.19 51 82.26 16 25.81 52 83.87
No 54 87.10 16 25.81 11 17.74 46 74.19 10 16.13
Total 62 100.0 62 100.0 62 100.0 62 100.0 62 100.0

As seen in Table 3, 87.10% of 62 CFA using papers did not check the assumptions required for
the analysis. Even if the assumptions were checked, they were not reported. 82.26% of the studies
demonstrated their measurement models through figures. Factor loadings were reported in 3 out of 11
studies that did not figuralised their measurement models. The remaining 8 studies did not report the
factor loadings. Factor loadings were given in 83.87% of the studies. x? significance values were given
in 74.19% of the studies, while f values were reported in 25.81%.

The distribution of the CFA using studies according to their sample sizes is given in Figure 6.
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Figure 6. Distribution of CFA Using Studies According to Their Sample Size Ranges
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When Figure 7 is examined, it is seen that 38.71% of the CFA using studies were conducted with
a sample size below 300. When the CFA using studies are viewed with respect to their sample sizes, it
is seen that the majority of the studies were carried out with 415 participants on an average. While
61.29% of the studies had a sample size of 300 and above, the maximum number of research was
conducted with a sample size of 500 and above. Hence, it can be said that the studies carried out with
exiguous samples are relatively few in number.

Figure 7 shows the distribution of the CFA using studies according to the parameter estimation
method they used.
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Figure 7. Distribution of the Number of Studies According to Their Parameter Estimation Method

As seen in Figure 7, 90% of the studies did not give any information about their parameter
estimation method. ML and WLSV were used in respectively 8% and 1% of the studies. Apart from the
mentiones ones, any other parameter estimation method was not reported.

All comments regarding the adequacy of the fit index values used in the studies that conducted
CFA were made according to the criteria given in Table 1.

Figure 8 shows the distribution of CFA using studies according to x?/sd ratio as a fit statistic.
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Figure 8. Distribution of Studies According to x?/sd Ratio Ranges

As indicated in Figure 8, x?/sd ratio was reported in all of the CFA using studies. Except for
one CFA study, x?/sd ratio was at an acceptable range in all of them. The ratio was between 2 and 3 in
most of the studies, but it was below 3 in general when all of the studies are considered. As the use of
X?/sd ratio as a criterion of model fitting is arguable, per study interpretation of the other fit indices is
reported below.
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Figure 9 presents the distribution of how many fit indices were used by each study examined
in this research.
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Figure 9. Number of Fit Indices Used Per Study

As seen in Figure 9, the studies conducted with CFA used 3 to 10 indices to assess the model
data fitting and each study used at least 3 fit indices. Model fitting was determined via 6 or more indices
in 66.13% of the studies.

The distribution of the CFA using studies according to the RMSEA value ranges is given in
Figure 10.
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Figure 10. Number and Average of Studies for Critical RMSEA Value Ranges

When Figure 10 is examined, it is seen that the RMSEA fit index was reported in every CFA
using research. While 17.74% of the papers showed an excellent fit range, 80.65% had the RMSEA values
with an acceptable range. A small percentage of the papers showed a RMSEA value out of the fit ranges.
It can be concluded that the RMSEA values supported the model data fitting in 98.39% of the papers
examined in this research.

The distribution of the CFA using studies according to the RMR and SRMR value ranges is
shown in Figure 11.
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Figure 11. Number and Average of Studies for Critical RMR and SRMR Value Ranges

In line with Figure 11, it is seen that the RMR fit statistics was reported in 24 (38.71%) out of 62
CFA using studies. While 33.33% of the studies reporting the RMR statistics showed a perfect fit range,
58.33% had RMR values within an acceptable range. This value was out of the fit values in 8.33% of the
papers in which RMR statistics was reported. It shows that they did not provide the model data fitting.
Hence, it can be said that RMR values in 91.67% of the papers supported the model data fitting. The
SRMR fit statistics was reported in 34 (54.84%) out of 62 CFA using studies. Whereas 11.77% of the
papers reporting the SRMR statistics showed a prefect fit range, 79.41% had SRMR values within an
acceptable range. This value was out of the fit values in 8.82% of the papers reporting SRMR statistics,
which shows that they could not attain the model data fitting. It can be interpreted accordingly that
SRMR values in 91.18% of the papers supported the model data fit.

Figure 12 shows the distribution of the CFA using studies according to NFI and NNFI-TLI value
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Figure 12. Number and Average of Studies for Critical NFI and NNFI (TLI) Value Ranges

As seen in Figure 12, NFI fit statistics was reported in 37 (59.68%) out of 62 CFA using papers.
27.03% of the papers in which NFI statistics was reported showed a perfect fit range, while NFI values
in 54.05% of the papers were within an acceptable fit range. This value was out of the fit values in 18.92%
of the papers reporting NFI statistics, indicating that model data fitting was not ensured. It can be
interpreted that NFI values in 81.08 of the papers supported the model data fitting. NNFI fit statistics
was reported in 36 (58.07% out of) 62 papers in which CFA was used. 38.89% of the papers with a report
of NNFI statistics had a perfect fit range, whereas NNFI values were within an acceptable range in
44.44% of the papers. This value was out of the fit values in 16.67% of the papers reporting NNFI
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statistics, which shows that model data fitting was not attained. It can be said, therefore, that NNFI
values in 83.33% of the papers supported the model data fitting.

Figure 13 shows the distribution of CFA using studies according to their ranges of CFI value.
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Figure 13. Number and Average of Studies for Critical CFI Value Ranges

As seen in Figure 13, CFI fit statistics was reported in 61 (98.39%) out of 62 CFA using papers.
31.15% of the papers reporting CFI statistics had a perfect fit range, whereas CFI values were within an
acceptable range in 29.51% of the papers. This value was out of the fit values in 39.34% of the papers
reporting NNFI statistics, which shows that model data fitting was not attained. It can be concluded
that CFI values in 60.66% of the papers supported the model data fitting.

The distribution of CFA using studies according to their ranges of IFI, GFI and RFI values is
presented in Figure 14.
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Figure 14. Number and Average of Studies for Critical IFI, GFI and RFI Value Ranges

Figure 14 shows that IFI fit statistics was reported in 25 (40.32%) out of 62 CFA using papers.
68% of the papers reporting IFI statistics showed a perfect fit range, whereas IFI values were within an
acceptable range in 28% of the papers. This value was out of the fit values in 4% of the papers reporting
IFI statistics, which shows that model data fitting was not attained. Therefore, it can be concluded that
IFI values in 96% of the papers supported the model data fitting. GFI fit statistics was reported in 53
(85.48%) out of 62 CFA using papers. 9.43% of the papers reporting IFI statistics showed a perfect fit
range, whereas GFI values were within an acceptable range in 47.17% of the papers. This value was out
of the fit values in 43.40% of the papers reporting GFI statistics, which shows that model data fitting
was not attained. It can be concluded that GFI values in 56.60% of the papers supported the model data
fit. RFI fit statistics was reported in 14 (22.58%) out of 62 CFA using papers. 21.43% of the papers
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reporting RFI statistics had a perfect fit range, while RFI values were within an acceptable range in 50%
of the papers. This value was out of the fit values in 28.57% of the papers reporting RFI statistics, which
shows that model data fitting was not attained. It can be said that RFI values in 71.43% of the papers
supported the model data fit.

The distribution of CFA using studies according to their ranges of AGFI value is given in
Figure 15.

25 1,00

n — ]
< 20 0,80 2

©
=t 15 0,60 =
v ©
: E . 029 5 gv}o
@ 5 020 § <
o ’ ©
é’ 0,00-0,84 0,85-0,9 0,9-1 c

3
s Number 6 22 14 S
e=@==\lean 0,77 0,86 0,92

Figure 15. Number and Average of Studies for Critical AGFI Value Ranges

As seen in Figure 15, AGFI fit statistics was reported in 42 (67.74%) out of 62 CFA using papers.
33.33% of the papers reporting AGFI statistics had a perfect fit range, while AGFI values were within
an acceptable range in 52.38% of the papers. This value was out of the fit values in 14.29% of the papers
reporting AGFI statistics, which shows that model data fitting was not attained. It can be said that AGFI
values in 61.91% of the papers supported the model data fit.

PNFI fit statistics was not applied in any papers examined in this study, whereas PGFI was
reported in 4 (6.45%) papers. Reported values of PGFI ranges from 0.65 to 0.80.

Discussion, Conclusion and Suggestions

This study investigated the use of exploratory and confirmatory factor analyses in the scale
development studies published in the fields of education and social sciences in Turkey between 2006
and 2016. The majority of the studies examined were carried out after 2013. The fact that a large majority
of the studies used EFA and nearly half of the studies used CFA indicates that some studies did not
need to hypothetically verify the scale factor structures they reached. Factor analysis provides evidence
for the construct validity of a scale (Cronbach & Meehl, 1955). Testing the factor structures with CFA
provides stronger evidence for construct validity. More than half of the studies that used both analyses
grounded their analyses on the same sample. According to Worthington and Whittaker (2006), carrying
out analyses over the same sample is not problematic, but Fabrigar et al. (1999) suggests conducting
analyses on two randomly divided samples if the sample is large enough. However, the real factor
structure may not be put forth in CFA, because item sequence is likely to change when too many items
are excluded from the draft scale following the exploratory analysis, as well as some problems
(weariness, confusion, interaction, etc.) may affect the way participants respond to questions. Therefore,
obtaining a factor structure through an exploratory analysis and testing that structure hypothetically
over a sample (randomly selected from the target population) with similar characteristics will provide
more valid and reliable a priori evidence for scale development.

The studies conducted with EFA had an average sample size above 300, and 60% of the studies
were conducted with more than 300 participants. Sample size may change according to item numbers
and factor loading magnitudes (Guadagnoli & Velicer, 1988; Streiner, 1994; Yong & Pearce, 2013). At
least a sample size of 300 is recommended for EFA (Comrey & Lee, 1992; Tabachnick & Fidell, 2012).
Sample sizes below 300 are considered moderate or inadequate (Comrey & Lee, 1992). It can be said that
adequate sample sizes were provided in most of the studies examined in this research. However,
moderate or undersized samples were also employed in a considerable number of studies. In the same
way, the CFA using studies had an average sample size above 300, and nearly 60% of the studies were
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conducted with more than 300 participants. A sample size of 300 and above is expected for CFA in
general (Worthington & Whittaker, 2006), though the adequate size may vary according to different
conditions (MacCallum et al., 2001; Wolf et al., 2013). Adequate sample sizes are reached in most of the
studies conducted with CFA, but a considerable amount of studies had a small sample size. When scale
development studies are not carried out with a sufficient number of participants, factor structures
obtained and results inferred from scores of that scale may be erroneous. It is recommended, therefore,
to consider at least two of the criteria in the literature when determining the adequate sample size prior
to carrying out a study (Cokluk, Sekercioglu, & Biiyiikoztiirk, 2012).

PCA factor extraction method was used in a large majority of the studies, but they did not give
any explanation about why they preferred that method. This makes us think that PAF, MLE, and PA
could be used as well in accordance with the data structure. What is assumed methodically is a
determinant factor for the method to be used in factor analysis. For example, PAF is used when
multivariate normality is violated (Costello & Osborne, 2005). In a similar way, VARIMAX rotation
method was used in a large majority of the studies without any explanation about why that method
was preferred. This makes us think that the other orthogonal and oblique rotation methods could be
used as well in accordance with the data structure. Oblique rotation is used when factors are correlated,
while orthogonal rotation is used when factors are less correlated (Costello & Osborne, 2005; Rummel,
1988). Orthogonal and oblique rotation methods are preferred in line with different conditions
(Gorsuch, 1983; Yong & Pearce, 2013). More than a quarter of the studies examined in this research did
not mention which factor extraction and rotation methods they used. This raises a question mark about
how they obtained their scale structures. Likewise, analysis methods and assumptions related to those
methods were not examined in a large majority of the studies conducted with confirmatory analysis.
Choosing an appropriate analysis method is among the crucial steps of confirmatory factor analysis
(Brown, 2015; Cabrera & Nguyen, 2010). Additionally, prior to conducting CFA, it is recommended to
examine multivariate normality and multicollinearity, as well as missing and extreme values (Ullman,
2012). In conclusion, clearly stating the reasons for opting a method of factor extraction, factor rotation,
and parameter estimation to be used in exploratory and confirmatory factor analysis will possibly
remove the question marks about how the factor structures were obtained and how they were tested.

Item factor loadings were reported in a vast majority of the studies in both analysis methods. In
exploratory analysis, whether the data used fit to the analysis (KMO and Bartlet tests) was examined
and the factors were named. However, scree plots were given only in half of the studies. Scree plot is
one of the criteria taken into consideration when deciding the factor number (Hair et al., 1995; Cokluk
et al., 2012; Yong & Pearce, 2013). Giving place to scree plot that is frequently included in outputs of
exploratory analysis when determining the factor structure will provide evidence for the factor
structure. While the studies examined were mostly made up of more than one factor, the total variance
explained was between 50 and 60%. Total variance explained usually remains at 50-60% in the fields of
education and social sciences (Yong & Pearce, 2013). Total variance explained is recommended to be
over 30% at least for single factoral structures (Biiyiikoztiirk, 2013). It can be said that the relevant
percentages were accordingly sufficient in the papers we examined. However, if the percentage of total
variance explained does not increase in tandem with the number of factors, it means that the percentage
of total variance explained per factor decreases and throws suspicion on the extent to which factors
represent the psychological structure. In such cases, it is useful to evaluate the factor structures together
with the measured structure, rather than considering them separately.
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Giving y?significance values of the measurement model and the figural depiction thereof makes
it easier to examine and comprehend the models. Nevertheless, ¢ significance values of the factor
loadings were not given in most of the studies. In CFA studies, model estimations including the
significance values of factor loadings are recommended (Brown, 2015; Cabrera & Nguyen, 2010).
Accordingly giving the item significance values on a figural demonstration of the measurement model
is seen important in terms of assessing the factor loadings in confirmatory analyses.

X?/sd values were reported in all of the CFA using studies examined and the reported values
were below 5 in almost all of them. Whereas some researchers (Anderson & Gerbing, 1984) consider
X?/sd below 5 as an acceptable criterion of model fit, others (Kline, 2016; Wheaton, 1987) points out that
using this value as a criterion of model fit does not have any logical and statistical grounds. y?/sd values
were at an acceptable level in almost all of the studies we examined, but the fact that a disputable index
was reported in all of the studies is a drawback needing to be addressed. Although there is a great deal
of indices to be used to test the model fit, regarding a value without a sufficient logical and statistical
basis as a criterion of model fit is an undesirable situation.

The values of RMSEA and CFI fit indices were reported in almost all of the papers examined.
At least three fit indices were used in all of the studies and more than five indices were used in a vast
majority of the studies. The other most used indices are GFI, AGFI, NFI, NNFI-TLI, SRMR, IFI, RMR,
RFI, and PGF], respectively. In conducting CFA, some researchers (Brown, 2015; Hu & Bentler, 1999;
Kline, 2016) suggest certain fit indices (x? CFI-IFI, TLI-NNFI, SRMR-RMR, RMSEA), while others
suggest using a good number of fit indices as far as possible (Cabrera-Nguyen, 2010; Crowley & Fan,
1997). It can be said accordingly that an adequate number of model fit indices were used in almost all
of the studies conducted with CFA. Although the GFI and AGFI fit indices were used more frequently
than the other indices, they are not recommended due to their poor performance in simulation studies
(e.g. Hu & Bentler, 1998; Marsh et al., 1988). There are not definite criteria as fit indices are generally
affected by the model and data structure as well as the estimation method (Brown, 2015).
Notwithstanding that, other indices should be used more as far as possible instead of GFI and AGFI in
assessing the goodness of fit. Opting for CFI-IFI, TLI-NNFI, SRMR-RMR duos and RMSEA values will
be useful in particular. Besides, considering at least two or more of the suggestions about what fit indices
should be used (Brown, 2015; Hu & Bentler, 1999; Kline, 2016) will be an accurate and effective way to
evaluate the fit of a model.

As for the values of model fit indices, it was observed that RMSEA, RMR, SRMR, NFI, NNFI-
TLI, IFI, and PGFI were reported being at acceptable levels in most of the papers. More than half of the
papers in which CFI, GFI, AGFI, and RFI were reported indicated acceptable levels of values regarding
the mentioned fit indices. In line with the threshold values referred in the related literature (Hooper et
al., 2008; Hu & Bentler, 1999; Kline, 2016; MacCallum et al., 1996; Marsh & Hau, 1996; Steiger, 2007;
Tabachnick & Fidell, 2012; Wheaton, 1987), it is possible to conclude that fit indices generally took
acceptable values in the papers conducted with CFA,

We make some suggestions here in reference to theory and practice regarding the use of
exploratory and confirmatory factor analyses in accordance with the related literature and the results
inferred from the papers examined:

e What the analyses assume and whether their data fit to those analyses should be examined. For
this purpose, whether some basic assumptions like extreme and missing values, uni- and multi-
variate normality, multicollinearity and singularity are assured or not should be checked.

¢ Methods should be selected considering their appropriateness for data structure. Sample size,
continuous or categorical (dual, sequential, etc.) quality of items, and verifiability of basic
assumptions should be taken into consideration when opting for a method.

¢ Adequate sample size should be reached. A sample size of 300 and above is sufficient for both
analysis methods, though it may differ according to the number of items. A sample size above
500 is excellent and a sample size of 200 and below is poor and insufficient.
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e Analysis results should be interpreted in the light of the related literature.
e In exploratory analysis:

o Results of KMO ve Bartlet tests, factor eigenvalues, percentages of total variance explained,
factor loadings, scree plots, factor extraction and rotation methods used should be reported
with construal and rationales of them.

o More than one methods should be used when determining the number of factors. Choosing
the factors whose eigenvalues are greater than 1, carrying out scree plot tests and parallel
analysis, incorporating 3 and more acceptable items for a factor are the criteria to be
considered.

o Any items that do not fit to the factor structure should be excluded from the scale one by
one and the analyses should be repeated every time. When items are excluded from the
analyses, researchers may sequentially observe the items with very low factor loadings
(<0.32), items that are factorable independently from the projected factor structure, and
items showing high loadings on multiple factors with a difference less than 0.10 between
them.

¢ In confirmatory analysis:
o The model should be defined accurately.
o The data structure should be analysed and the assumptions should be controlled.

o The preferred parameter estimation method should be given with an explanation about
why it is used.

o Factor loadings, track diagram, level of x? significance value and its degree of freedom, the
RMSEA value, at least one of the RMR-SRMR values, as well as the CFI and NNFI values
should be reported. When evaluating the model, in addition to these minimum criteria, it
is also possible to use other indices considering the structure of the model and data.

o Modifications should not be too much to spoil the psychological structure that is planned
to be measured. Reasons should be explained if any modification is to be done.

e If both analysis methods are intended to be used in order to provide stronger evidence for the
construct validity, it will be more appropriate to carry out exploratory and confirmatory factor
analyses separately over two samples randomly selected from the target population and
composed of individuals with the same attributes.

The CFA using papers examined did not provide any evidence about whether the obtained
scale structures were proved or not over different groups (gender, socio-economic level, age group,
etc.). Therefore, the factor structures obtained over different sub-groups can be hypothetically tested via
structural equation modelling. Stronger evidence can be provided for the construct validity of a scale in
this way.

Before conducting EFA and CFA, it is of vital importance, in terms of developing more valid
and reliable measurement instruments, to examine the assumptions required by those analyses and to
have necessary knowledge and equipment regarding how to carry out the analyses and how to interpret
their outputs. Researchers should use reliable sources while conducting and interpreting the analyses,
and if necessary, they should get support from experts on assessment, evaluation, and psychometry.

Scale development research carried out worldwide in the fields of education, psychology and
behavioural sciences and published in certain indices can be examined in further research and their
results can be compared with the results in Turkey.
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