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ABSTRACT

The main aim of achieving with the reliability generalization is to investigate the variability related to the reliability estimates
and to try to characterize the sources of this variability. As part of the research, a reliability generalization study was carried out
on the basis of Beck Depression Inventory-II to investigate potential factors contributing to the variability of the reliability of
the measurement results and to examine the sources of the measurement error. Within the scope of the study, it was published
in English between 2011-2019 and only 40 articles in the type of article were examined. The Kappa coefficient for the coding
form was determined to be 0.93 and it was concluded that the measurement results performed for the coding form were valid
and reliable. Jamovi and R programs were used in the research. When the test results regarding publication bias are evaluated
in a holistic way, it is concluded that there is no publication bias related to the studies included in the research. It was thought
that the heterogeneity observed by the researchers may indicate an amount of heterogeneity to be examined and moderator
analyzes were performed. As a result of the moderator analysis, it was determined that any of the continuous and categorical
moderator variables did not have an explanatory role regarding the variability between the reliability estimates of the inventory.
In order to carry out qualified RG studies in the future, it is recommended that researchers report their reliability estimates

regarding the measurement results of their studies.
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1. INTRODUCTION

The concept of depression is characterized by worthlessness,
decreased interest in daily activities, self-worthiness,
depressive mood, decreased concentration or focus, lack
of motivation and thoughts of suicide or death (American
Psychiatric Association, 2013). Researchers working in the field
of psychology, psychiatry, and education include the concept
of depression in their work. Usually, in the field of psychology
and psychiatry the concept of depression is included in the
studies targeting the development of interventions that will
best address mental health problems, whereas in the field of
education, the objective is to determine the role of depression in
educational processes, and measurement tools for depression
are used in this context. The review of the literature showed
that the Beck Depression Inventory (BDI) is one of the most
popular measurement tools that help measure the severity
of the depression, along with the Center for Epidemiological
Studies Depression Scale and the Hamilton Depression Rating
Scale (Bentz & Hall, 2008; McDowell, 2006)

Beck Depression Inventory Il (BDI-I)

BDI, developed by Beck et al. in 1961, has undergone two major
revisions (Beck, Rial, & Rickels, 1974). The first revision was
carried out in 1978 (BDI-IA) and the second in 1996 (BDI-
IT). BDI-II is the revised version of BDI-I according to DSM
IV criteria. In BDI-II, weight loss, physical imaging, loss of
workability and somatic complaints were removed from
the inventory. Instead, agitation, concentration difficulty,

worthlessness thoughts and energy loss were added. BDI-II
measures somatic, emotional, cognitive and motivational
symptoms of depression. It is available in different forms,
including the computer form and the card form. The inventory
is based on data from clinical observations and is a 21-item
measurement tool that is not based on a specific theory.
4-points scale of 0-3 range was used. The scores that can be
achieved from the inventory vary between 0-63. There are over
10 studies for the adaptation of different cultures. Depression
is not diagnosed using the results obtained from BDI, the
severity of depression symptoms is determined objectively
(Hisli, 1989; Savasir & Sahin, 1997).

Beck Depression Inventory-Il and Reliability

It is known by the researchers that the reliability estimates of
the measurements vary according to the sample characteristics,
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working conditions and score distributions. Researchers are
recommended to report the reliability estimates of their studies
results. Such transparent reporting practices provide critical
information necessary for the researchers to consider scoring
reliability while interpreting study results, and for other
researchers to make informed decisions about the applicability
of data set and study results. When researchers appropriately
report psychometric data about the administration of a
measurement tool, score reliability may be analyzed multiple
times to understand how the measurement error may change
under fluctuating working conditions. Such an approach
requires the quantitative integration of reliability coefficients
that are suitable for meta-analytical methods such as Reliability
Generalization (RG).

Regarding BDI II; Cronbach alpha reliability coeflicient
indicating internal consistency is a= .92; test-retest reliability
at one-week interval is r = .93; Convergent validity given by
Beck Anxiety Inventory is r =.56; and discriminant validity
given by the Sociotropy-Autonomy Scale is r =-. 10 (Beck, Steer,
& Brown, 1996; Steer & Clark, 1997).

Even though BDI has undergone more reliability testing
than BDI-II, both inventories are considered to be highly
reliable (Dozois, Dobson, & Ahnberg, 1998). The original
manual of BDI-II reported high internal consistency with a
coeflicient of 0.93 for university students and a coeflicient of
0.92 for patients with psychiatric outpatients (Beck et. al., 1996).

More recently, Dozois & Covin (2004) reviewed 13 works
that reported reliability data of BDI-II since 1996 and reported
an average Cronbach alpha coeflicient of 0.91. Although less
information is available on the test-retest reliability of BDI-II,
in the original manual 1-week test-retest reliability coefficient
was reported to be 0.93 for 26 psychiatric clinics (Beck et al.
1996). However, as pointed by Dozois & Covin (2004), it is
difficult for test-retest reliability to both reliably measure
depression and to be interpreted as a measure that detect
changes in treatment-related depression. For example, one
group of researchers suggested that BDI may not be reliable for
a longer period of time in non-clinical samples after finding
that the BDI scores of a non-clinical sample decreased by 40%
in 2 months (Ahava, Iannone, Grebstein, & Schirling, 1998).
Such a significant drop in BDI scores in non-clinical samples
clearly threatens the tool’s ability to reliably detect the changes
in depression arising solely from the treatment.

Considering the BDI-II versions with different formats
and different number of items and the extensive use of the
inventory in different types of samples, it becomes necessary
to examine whether the psychometric properties of the
inventory, especially the reliability of the measurements, can
be generalized. Since 1998, more than 100 RG works, in which
awide variety of meta-analytical and statistical methods were
used, have been published (Holland, 2015). A researcher who
is willing to use RG in his/her study should make several
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methodological decisions, including the selection of statistical
models for the synthesis of reliability coeflicient and moderator
analysis, as well as the transformation and weight of the
coeflicients within these models.

Reliability Generalization

Traditionally, two types of statistical models are used within
the scope of meta-analysis studies, namely the fixed effects
model (Hedges & Olkin, 1985) and the random effects model
(Hedges & Vevea, 1998; Hunter & Schmidt, 2004). Classical
fixed effects models are based on 2 assumptions: all coefficients
of the study are estimated for the same sample and any
deviation from the parameter results in sampling error (Bonett,
2010; Hedges, 1992). In general, it is recommended to use fixed
effects models when it is desired to generalize the results to
similar works within the scope of meta-analysis. Fixed effects
methods have been found to perform poorly under many meta-
analysis-specific conditions, and these models are generally
not recommended for routine use (Bonett, 2008; Rodriguez
& Maeda, 2006; Schmidt, Oh, & Hayes, 2009). Random
effects models are based on the assumption that more than
one sample parameters are involved, and each work included
in the meta-analysis represents an example of a hypothetical
sample of the past or future works. Therefore, each coefficient
is considered as an estimate of its own sample’s parameter
that can vary from work to work (Bonett, 2008; Rodriguez &
Maeda, 2006). Random effects models tend to establish very
wide confidence intervals compared to fixed effects model
because the additional error is explained by the variance
between the works (Meca, Lopez-Lopez, & Lopez-Pina, 2013).
Itis not recommended to use random effects models within the
scope of meta-analysis studies involving reliability coefficient
due to the bias that may occur in parameter estimates, failure to
achieve interpretable estimates about parameter variance and
violation of assumptions about sampling method (Rodriguez
& Maeda, 2006). On the other hand, Laird & Mosteller (1990)
suggested the use of the Varying Coefficient Meta-Analytical
Method (VC), which is a method involved in the meta-analysis
of the reliability coeflicient, and Bonett used the VC model
for the meta-analysis of Cronbach Alfa (2010). VC retains the
advantages of both the fixed and random effects model and is
seen as an alternative to these two models. As a fixed effects
model, results obtained using VC can be generalized only to
the works similar to those included in meta-analysis. However,
instead of assuming that all of the alpha estimates are equal to
asingle constant parameter, each work is assumed to estimate
its sample’s reliability coefficient, similar to the fixed effects
approach. The size of the error components under the VC
model is moderate and the confidence intervals generated by
the VC model are between those estimated by fixed effects or
random effects models (Bonett, 2010; Sinchez-Meca et. al.,
2013). VC model provides more accurate confidence intervals
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than fixed effects or random effects model; it provides excellent
results in parameter estimation in small samples; and it can
be used in a much wider range of problems than traditional
models (Bonett, 2010).

RG is a meta-analytical method for synthesizing the
reliability coefficients of the measurements of different works
(Caruso, 2000; Vacha-Haase, 1998). The main objective of RG
is to investigate the variability of the reliability estimates and
to try to characterize the sources of this variability (Vacha-
Haase, Henson & Caruso, 2002). RG is an extension of the
validity generalization (Schmidt & Hunter, 1977). The works
in which RG is used allow researchers to have an idea about
estimating the expected measurement error, as well as the
effect size, power and statistical significance of future works
(Henson & Thomson, 2002; Nimon, Ziantek, & Henson, 2012).
Researchers are suggested to carry out the RG study by using
the reliability values of a few, carefully selected and high-
quality works in order to obtain accurate estimates about the
expected reliability and to determine the potential effects of
the moderator variables (Bonett, 2010). In this context, the
results of RG studies encourage meta-analytical thinking,
which serves to establish a historical and contextual framework
to better evaluate a single work’s result (Henson, 2006;
Thompson, 2002). Using meta-analysis in a study by including
statistical information of previous works in an existing work
helps to create radical changes in behavioral sciences as well
as establishing an integrative and cumulative scientific process
(Henson, 2006; Bonett, 2010).

The point that RG is based on is that according to the review
of the reliability coefficients of the measurements obtained
from different sample sizes, test lengths, test forms, test
versions and test administration conditions, the measurement
results are reliable, not the tests. RG helps researchers and
practitioners to better understand the measurement tools they
use in their studies. Researchers can make informed decisions
by knowing the most suitable measurement tools for certain
types of samples, and the sub-scales whose measurement
reliability is below the acceptable level. In this way, researchers
and testers get more detailed information about the measuring
tool that should be used under certain conditions (Barnes,
Harp, & Jung, 2002; Kieffer, 1999; Kieffer & Reese, 2002).
RG studies can also generate measurement results with high
effect size and power. It is notable that only about 10% of the
researchers reported the reliability that they calculated for
the measurement tool they used in their research (Barnes,
Harp, & Jung, 2002; Beretvas, Meyers, & Leite, 2002). RG
studies encourage researchers to report the reliability of their
measurements (Vacha-Haase & Thompson, 2011). Otherwise,
the reliability of the measurements of the published works
cannot accurately represent the performed works and “file
drawer problem” arises. General limitations of RG studies can
be listed as: reliability values are not reported within the scope

0.

of the screened works; Cronbach’s alpha values are reported
for the reliability; the researcher (s) conducting the RG study
employs reliability transformation calculations (Henson &
Thompson, 2002).

According to the literature Although BDI has been
developed for clinical use, the literature review showed that
BDI and its versions have been used on different samples over
the years (Barrera & Garrison-Jones, 1988; Hatzenbuehler,
Parpal, & Mattews, 1983). The figures related to the reliability of
the measurements reported in the works were observed to vary
according to BDI versions used in different types of researches.
Without using the meta-analytical RG approach, it is very
difficult to understand why the reliability of the measurements
related to BDI-II varies. In this context, as it is one of the
most popular measurement tools that objectively determine
the severity of depression symptoms, investigating potential
factors contributing to the variability of the measurement’s
reliability and to examine the sources of the measurement
error is thought to be important in informing the researchers
about RG and guiding them on how to perform an RG study,
considering that no meta-analytical RG study was available in
Turkish literature. Regarding the purpose and importance of
the research, the works, in which the relevant criteria available
in the BDI II coding form have been reported, were included
in the sample. RG method was used in this study, and Bonett’s
VC model was preferred as the model.

MeTHOD
Research Design

This research can be reviewed within the scope of RG studies,
which is a meta-analytical method that examines the sources of
error variance, considering multiple works that use a particular
measuring tool or measuring tool group that measure the
same structure (Vacha-Haase, Henson & Caruso, 2002). In RG
studies, reliability of the works, characteristics of the sample
and the characteristics of the measurement tool are used
as predictors, and the relationships between the dependent
variables and predictors are analyzed to explain the variability
of the reliability coefficients (Mason, Allam, & Brannick, 2007;
Vacha-Haase, 1998).

Participants

Publications in the Web of Science database have been
screened. In determining the keywords, the criteria of the
works to be included in the research were considered; if the
number of keywords is too high, the quality of the work and
the reliability would decrease, and if it is too rigid, we would
fail to generalize the results because of including too few works
(Lam & Kennedy, 2005). The screening was preformed using
the following keywords: “Beck Depression Inventory IT and
Reliability”; “Beck Depression Inventory-II and Reliability”,
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» «

“Beck Depression Inventory II Reliability”, “Beck Depression
Inventory-II Reliability”, ‘BDI II Reliability’ and ‘BDI-II
Reliability’. 40 publications, which fulfill the following criteria,
were included in the study: Cronbach Alfa reliability coefficient
should be reported to minimize the amount of error without
the need to perform coeflicient transformation (Thompson
& Vacha-Haase, 2000); the sample size, men and women
percentage, average score and standard deviation should
be reported; publication year should be between 2011-2019
to ensure that the dataset consist of current works; and the
publication language should be English and should not be
included in the Turkish literature to ensure that the works
are international.

Considering the psychometrics theory, the reliability
of the measurements is expected to be affected by variables
such as the group’s characteristics and standard deviation of
group measurements (Nunnally, 1978). In the criteria selection
process, the literature providing information about potential
variables recommended to be used as criteria in RG studies
were reviewed (Henson & Thompson, 2002; Vacha-Haase
& Thompson, 2011). The first screening was carried out on
10.12.2019; the last screening on 21.12.2019. The criteria used
to examine the possible relationships between the estimates of
measurements’ reliability of the works included in the study
and the characteristics of the works were coded as follows and
used as moderator variables:

(| Records identified through
- database searching
ﬁ (n= 365)
& Web of Science: (n= 365)
-
=
[}
=
J—
) h
=
5 Records screened
g (n= 365)
L=
w
* —
r
Full-text articles assessed Full-text articles excluded, with
g for eligibility reasons
= (n= 365) (n= 325)
= Main reason for exclusion:
=  no cronbach alfa. (n=228)
+ studies before 2011 (n=90)
— + studies not in English (n=0)
* nostandartdeviationand
—_— L
mean (n=4)
Studies included in + no female percent (n=3)
- guantitative synthesis
i (meta-analysis)
I (n= 40)

Fig. 1: Flow chart of the data collection process
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Table 1.: The criteria and the works included in the meta-analysis.

Number of Sample

Author Year | N Items Cronbach Female % Mean | SD Language Type
Toledano and Valdez (2018) 1 446 21 0.90 83.00 13.88 9.83 1 0
Jesus Sanz1 (2013) 0 712 21 0.90 80.02 19.98 10.96 1 0
Jesus Sanz2 (2013) 0 569 21 0.87 90.39 9.61 7.76 1 2
Jesus Sanz3 (2013) 0 727 21 0.89 91.25 8.75 7.34 1 1
Campos-Gongalves (2011) 0 538 21 0.90 60.00 8.90 7.90 1 1
Gorensteinl (2011) 0 3410 |21 0.88 71.00 10.90 8.20 1 1
Gorenstein2 (2011) 0 1417 | 21 0.89 60.00 11.70 9.30 1 1
Gorenstein3 (2011) 0 301 21 0.89 61.00 10.40 10.10 1 1
Gorenstein4 (2011) 0 182 21 0.93 56.00 9.90 10.70 1 1
Dolle et al. (2012) 0 88 21 0.94 58.00 10.50 8.90 1 0
Sashidharan (2012) 0 278 21 0.91 75.00 9.40 3.60 0 1
Roberts1 (2012) 0 115 21 0.90 82.00 5.10 5.90 1 1
Roberts2 (2012) 0 37 21 0.96 60.00 5.10 5.90 1 0
Whisman (2013) 0 7369 | 21 0.90 65.00 9.30 8.10 0 1
Corbiere (2011) 0 206 21 0.84 53.00 17.20 11.50 1 0
Hayden (2012) 0 83 21 0.89 71.00 13.40 9.10 0 0
Bunevicius et al. (2012) 0 522 21 0.85 28.00 11.00 8.20 1 0
Kirsch-Darrow (2011) 0 161 21 0.89 31.00 9.50 7.20 0 0
Lopez (2013) 0 345 21 0.93 0.00 23.00 12.20 0 0
Tully (2011) 0 226 21 0.85 17.00 8.60 6.20 0 0
Turner (2012) 0 72 21 0.94 47.00 13.40 12.90 0 0
Williams1 (2012) 0 136 21 0.90 33.00 6.50 5.20 0 1
Williams2 (2012) 0 93 21 0.90 35.00 14.70 7.40 0 0
Brouwer et al. (2012) 0 1530 | 21 0.90 62.00 20.10 10.80 1 0
Gonzalez et al. (2017) 1 391 21 0.92 39.60 9.31 7.84 1 1
Eun-Ho Lee et al. (2017) 1 1072 | 21 0.89 51.00 9.63 7.19 1 1
Dadfar and Kalibatseva (2016) | 1 52 21 0.85 73.10 11.30 | 7.55 1 0
Dahem1 (2016) 1 250 21 0.79 100.00 27.17 10.78 1 1
Dahem?2 (2016) 1 250 21 0.73 0.00 28.74 10.63 1 1
Garcia-Batista et al. (2018) 1 1040 | 21 0.89 54.10 16.91 11.62 1 2
Oliveira et al.1 (2012) 0 182 21 0.93 51.00 9.87 10.71 1 1
Oliveira et al.2 (2012) 0 80 21 0.92 0.00 7.88 9.12 1 1
Oliveira et al.3 (2012) 0 102 21 0.93 100.00 11.43 11.62 1 1
Henndy Ginting et al. (2013) 0 720 21 0.90 28.80 11.60 8.10 1 0
Mahmoudi et al. (2019) 1 138 21 0.86 54.50 8.20 5.82 1 2
Yu-Mai Song et al. (2012) 0 1967 | 21 0.88 55.10 11.33 7.97 1 1
Gonzalez et al.1 (2015) 1 391 21 0.92 60.40 9.31 7.84 1 1
Gonzalez et al.2 (2015) 1 205 21 0.87 57.10 9.82 7.70 1 1
Khine La Win1 (2019) 1 40 21 0.91 5.00 19.90 13.60 1 0
Khine La Win2 (2019) 1 186 21 0.93 5.40 14.40 9.20 1 1
Note: Works with numbers at the end of the author’s name indicate the measurements for different sample sizes and (or) types within the same work.
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o Publication Year (2011-2014: 0; 2015-2019: 1).

o Percentage of women in the sample (50% and below:
0, above 50%: 1)

o Average of the measurements (Continuous variable)

o Standard deviation of the measurements (Continuous
variable)

o The language of the measuring tool (English: 0; Other: 1).
+  Sample type (Patient: 0; Healthy: 1; Patient and healthy: 2).

Information about the criteria and the works included in the
meta-analysis is shown in Table 1.

Validity and Reliability of the Measurement Related to
the Coding Form

As a result of the literature screening, 40 works fulfilling
the criteria were included in the study. The works included
in the research were coded through the form created by
the researchers. The coding form includes the following
information: the name of the work, the author (s) of the
work, the year of the work; sample size, number of items,
reliability coeflicient, percentage of women in the study,
average of sample’s measurements; standard deviation of
the sample’s measurements, language of the measurement
tool and the sample type. In order to ensure the content
validity of the coding form, 3 experts, who are lecturers in
Educational Sciences, were given detailed information about
the steps of the research and expert opinion was received. In
line with the expert opinion, a code indicating sample type
was added to the coding form. Beside the scope validity of
the coding form, inter-coder reliability was also checked. For
this purpose, randomly selected ten studies were coded by
two independent coders and Cohen’s Kappa Coeflicient (k)
was calculated as the cohesion criterion between coders. The
Kappa coefficient corrects the part of the rapport between
the coders based on chance and gives information about
the real cohesion rate (Sim & Wright, 2005). As a result of
the calculation, k was found to be 0.93. This result can be
interpreted as “almost perfect” (Altman, 1999). Considering
these results, it is concluded that the measurements of the
coding form are valid and reliable.

Regarding the objectives of the research, the study group
was formed by the students in the age group of 15 who were
registered in formal education and who participated in PISA
2015 test organized by OECD. A total of 540000 students from
72 countries have participated in the test, and 5895 of them
were from Turkey. Regarding the execution of PISA 2015 in
Turkey, the population of the students in the age group of 15
consisted of 1324089 students; whereas accessible population
was 925366 students. In PISA research, school sample was
determined according to stratified random sampling method
(MoNE, 2016).
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Data Analysis

Jamovi 1.1.9.0 and R-3.6.2 programs were used in the analyzes
carried out within the scope of the study. Jamovi (2018) is a
new, free software on R language, based on popular R packages
for the analysis, which are performed through drop-down
menus; whereas R is an old (1993), free and popular software
(Eser, Yurtcu, & Aksu, 2020). Metaphor package developed by
metaphor (Viechtbauer, 2010) was used in both software and
rma function was used in this context. Many of the statistical
models used within the scope of meta-analytical RG studies
are based on the assumption that the effect sizes show a
normal distribution (Rodriguez and Maeda, 2006). Cronbach
alpha statistics taking values in the range of 0-1 violates this
assumption. The reliability coeflicients are normalized by
using Bonett Transformation (In (1-a)) to meet the assumption
considering the number of studies and sample sizes (Bonett,
2010).

In qualitative studies, study group should be preferred
instead of sample since such studies are conducted with few
individuals or units. The individuals or units forming the study
group should be introduced with all relevant characteristics.
Information regarding the context of the study group should
also be explained here.

Limitations of the Study

There are a few limitations related to this study. Only the
works written in English, published between 2011-2019 and
paper-type works were included in the study. In addition, the
analyzes carried out within the scope of the study are limited
to the variables included in the coding.

FINDINGS
Descriptive Statistics of the Works

Regarding the descriptive statistics related to the works
included in the study, in which research criteria were reported;
8 of the works were published in 2011, 16 in 2012, 4 in 2013, 2
in 2015, 3in 2016, 2 in 2017, 2 in 2018 and 3 in 2019. The total
sample size of the works included in the study was 26,629. The
English version of the inventory was used in 9 of the works,
while the remaining 31 were in other languages. The sample of
16 works was comprised of patients, 21 of healthy individuals
and the remaining 3 was comprised of both patients and
healthy individuals.

Tables and figures can be used to display the results of the
analyses. Findings section should deal only with presenting the
results and should not include the discussion of the findings.
Sub-headings in line with sub-goals of the study can be used.
Sub-headings should be flush left, in italics and with each
word capitalized.
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Findings about Normality, Publication Bias, Model Fit
and Confidence Intervals

In order to perform a meta-analytical RG with raw Cronbach
Alpha values, which are the reliability coefficients of the works
included in the study, these coefficients should exhibit a normal
distribution. Since Cronbach Alpha coefficients are doubly
bounded variable, the distributions of these coefficients are
not normal, therefore they are not suitable for direct modeling
by meta-regression, which is based on the normal distribution
assumption. Therefore, the RG study should be performed
using the coefficients obtained by performing Bonett
transformation (Bonett, 2002; Rodriguez & Maeda, 2006).
Although it can be theoretically supported that Cronbach
Alpha values do not show normal distribution, the normality
of distribution of alpha coefficients was also tested in the
study. Shapiro-Francia, Anderson-Darling and Shapiro-Wilk
tests were used to test the normality of the alpha coefhicients’
distribution. The results of these tests are given in Table 2.

Table 2: Normality test results.

Test Value P

Shapiro-Francia 0.9523 0.0850
Anderson-Darling 0.6661 0.0759
Shapiro-Wilk 0.9635 0.2203

Regarding the statistics related to the normal distribution
in Table 2, p values were observed to be above .05 significance
level for all statistical tests. Based on this result, it was
concluded that the reliability coefficients of the works
included in the study did not show a normal distribution.
After determining that the reliability coefficients do not show
anormal distribution, the existence of publication bias for the
works included in the study was checked. The results of the
funnel plot indicating the possibility of publication bias are
given in Figure 2.
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Fig. 2: Funnel plot of Cronbach alpha coefficients
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Regarding the funnel plot in Figure 2, the works included
in the study were observed to be grouped in the middle
section and the black dots located on the right and left of the
vertical line, which symbolize the combined effect size, show
an almost symmetrical scattering. Apart from the funnel
chart, the existence of publication bias was also examined by
interpreting the result of the regression test for the asymmetry
of the funnel chart and Kendall’s Tau coefficient. As a result of
the holistic evaluation of the visual illustration of the funnel
graph, the result of regression test for the asymmetry of the
funnel chart (z = -0.551; p = 0.58> 0.05) and Kendall’s Tau
coefficient (T =-0.122; p = 0.268> 0.05), it was concluded that
there was no publication bias regarding the studies included
in the research. Mullen, Muellerleile and Bryant (2001) stated
that the results of the meta-analysis studies can be resistant to
future researches if the value obtained by using the formula
N/(5k + 10) is greater than 1. The value obtained as a result of
the calculation made using the relevant formula, was found
to be greater than 1 (26629 / (40 * 5 + 10) = 126.804). Based
on this result, it can be said that the publication bias of the
meta-analytical RG study is very low.

After testing the normality assumption and analyzing
publication bias, the results of the analysis about the
heterogeneity of the works included in the study were tested.
Considering that Bonett’s VC model is basically a random
effects model (Holland, 2015); this study does not include all
works in which BDI-II was employed as the sampling method;
and the random effects model is a more realistic representation
of the real world (Field, 2003b), Bonett’s VC were used in the
analysis. The restricted maximum-likelihood method was used
to test the heterogeneity of variance, because it shows low-level
bias and is an estimation method suitable for the use of the
works with small and large samples together (Langan et al.,
2019). Although restricted maximum-likelihood method was
preferred as the estimation method because of its advantages,
model statistics comparing restricted maximum likelihood
method and maximum likelihood method are given in Table 3.

Table 3.: Model fit statistics and information criteria.

Criteria log-likelihood | AIC BIC
Maximum-Likelihood 38.020 -74.039 | -72.350
Restricted Maximum-Likelihood | 36.061 -70.121 | -68.458

Regarding Table 3, model fit statistics of the restricted
maximum likelihood method were observed to be smaller
than these of maximum likelihood method. Considering that
model fit is provided for smaller values of log-likelihood, AIC
and BIC (Fabozzi, Focardi, Rachev, & Arshanapalli, 2014), it
was concluded that the model fit was in favor of the restricted
maximum-likelihood method. After the analysis of the model
fit, an analysis was performed for calculating the average
reliability and the lower and upper limits of reliability in 95%
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Table 4: Basic Output for VC Model (k = 40)

Average Reliability (Estimate)  |se VA p CI Lower Bound CI Upper Bound
aBonett -1.17 0.0008 -132 <.001 -1.189 -1.154
Cronbach |a |0.898 0.0009 976 <.001 0.896 0.900

Note: aBonett represents the values obtained through Bonetti transformation, whereas Cronbach a represents the raw reliability values.

confidence interval. Considering the difficulty of interpreting
the values obtained from Bonett transformation, Table 4, in
which the results of the analysis are shown, includes both the
values obtained from Bonett transformation and Cronbach
Alpha reliability coefhicients.

As a result of the analysis performed based on the VC
Model, the average reliability in terms of Cronbach Alfa was
found to be 0.898 with an error of 9.21e-4, whereas the lower
and upper limits were found to be 0.896 and 0.900 in 95%
confidence interval. The review of the average reliability and
the lower and upper limits of the confidence interval according
to Taber (2017) showed that they can be considered as reliable
because they are in the range of 0.84-0.90.

The forest plot, created according to the Cochrane Review
Forest Plot Template, showing the distribution of the reliability
of the works included in the study is given in Figure 3.

The red squares in Figure 3 indicate the effect size
(reliability) of the studies, and the lines next to the squares
indicate the upper and lower limits of their effect size in
95% confidence interval. In addition, the weight percentage
given on the left side of the forest plot shows the effect share
of each work on the meta-analysis result numerically. The
work with the highest weight, that is, with the largest red
square, is the work of Whisman (2013) within the scope of
both fixed effects and random effects model. Therefore, it can
be said that work of Whisman (2013) has the largest effect
size. The work with the smallest red square is the work of
Khine La Winl (2012) and it can be said that this work is the
one with the smallest effect size. Regarding the forest plot in
Figure 3, the work with the largest confidence interval was
observed to be Whisman’s work (2013), whereas the one with
the narrowest confidence interval belongs to Oliviera et al.3

Study Total (fixed) (random) IV, Fixed + Random, 95% CI IV, Fixed + Random, 95% C[
Toledano ve Valdez 446 1.7% 29% 0.90 [0.88; 0.92] .
Jesus Sanz1 712 27% 3.2% 0.90 [0.89; 0.91] ¢
Jesus Sanz2 569 21% 3.1% 0.87[0.85; 0.89] 4‘
Jesus Sanz3 727 27% 3.2% 0.89[0.87, 0.90] 9
Campos-Gongcalves 538 2.0% 3.0% 0.90[0.88; 0.91] k
Gorenstein 3410 129% 35% 0.88[0.87;0.89] l’
Gorenstein 1417 5.3% 3.4% 0.89[0.88; 0.90] ]
Gorenstein 301 1.1% 27% 0.89[0.86; 0.91] f
Gorenstein 182 0.7% 2.3% 0.93[0.91, 0.95] f
Dolle ve dig 88 0.3% 1.7% 0.94[0.91, 0.96] E*
Sashidharan 278 1.0% 26% 0.91[0.89, 0.93] ’
Roberts 115 0.4% 1.9% 0.90 [0.86; 0.93] +
Whisman 7369 27.8% 3.6% 0.90 [0.90, 0.90] ﬂ
Roberts 37 0.1% 0.9% 0.96[0.92; 0.98] .
Corbiere 206 0.8% 2.4% 0.84[0.79, 0.88] -
Hayden 83 0.3% 1.6% 0.89[0.83, 0.93] vt
Bunevicius ve dig. 522 20% 3.0% 0.85[0.82;0.87] -
Kirsch-Darrow 161 06% 22% 0.89[0.85; 0.92] 1
Lopez 345 1.3% 28% 0.93[0.91;0.94] -
Tully 226 0.8% 2.5% 0.85[0.81,0.88] -}
Turner i7" 0.3% 1.5% 0.94[0.91; 0.96] -+
Williams1 136 0.5% 21% 0.90[0.86; 0.93] T
Williams2 93 0.3% 1.7% 0.90 [0.85; 0.93] s
Brouwer ve dig. 1530 5.8% 3.4% 0.90[0.89; 0.91] =
David Andres ve dig 391 1.5% 29% 0.92[0.90; 0.93] 3
Eun-Ho Lee ve dig. 1072 4.0% 3.3% 0.89[0.88; 0.90] o
Dadfar ve Kalibatseva 52 0.2% 1.2% 0.85[0.75, 0.91)] —
Dahem1 250 0.9% 26% 0.79[0.74, 0.83] -
Dahem2 250 0.9% 26% 073[0.67,0.78] =
Garcia-Batista ve dig. 1040 39% 3.3% 0.89 [0.88; 0.90] L
Oliveira ve dig.1 182 0.7% 2.3% 0.93 [0.91, 0.95] o
Oliveira ve dig.2 80 0.3% 1.6% 0.92[0.88, 0.95] -
Oliveira ve dig.3 102 0.4% 1.8% 0.93[0.90, 0.95] i+
Henndy Ginting ve dig 720 2.7% 3.2% 0.90[0.89; 0.91] ;
Osman Mahmoudi ve dig. 138 0.5% 2.1% 0.86 [0.81; 0.90] -
Yu-Mai Song ve dig. 1967 7.4% 34% 0.88[0.87,0.89] o
Gonzélez ve dig. 391 1.5% 2.9% 0.92[0.90; 0.93] .
Gonzalez ve dig 205 0.8% 24% 0.87[0.83, 0.90] i
Khine La Win1 40 0.1% 1.0% 0.91 [0.84; 0.95] -+
Khine La Win2 186 0.7% 2.3% 0.93[0.91, 0.95] -

Fig. 3: Forest plot regarding the reliability of the works.
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(2012). Regarding the analysis results about the weights of the
works, Whisman’s (2013) work was observed to have largest
weight (27.8%), whereas the works of Roberts (2012) and Khine
La Winl (2019) have the smallest weight (0.1%). The weights
of the other works seems to be similar.

Regarding the analysis results about the heterogeneity, it
was observed that (Q (df = 39) = 47.6373, p-val = 0.1615) and
I2 = 18.13146. It is necessary to make an explanation at this
point regarding the Q statistic, which is generally used to
indicate the amount of heterogeneity in the literature, and
the 12 statistic, which is generally used in the literature by
classifying as low-medium-high.

The Q value of a heterogeneity test is a function of (1)
the amount of observed heterogeneity, (2) the accuracy of
individual works, and (3) the number of works in the analysis.
The Q value may be large if the estimated heterogeneity
is insignificant. On the contrary, it may be small is the
estimated heterogeneity is important. Therefore, the Q-value
should never be used instead of the amount of heterogeneity.
Regarding 12, which is the other statistics on heterogeneity,
the idea of using this statistic for classifying heterogeneity as
low, medium or high is meaningless for two reasons. Firstly,
I2 is not an absolute distribution index, it is a ratio. It does
not provide information about the distribution. Secondly, a
heterogeneity that can be considered high in one context can
be considered as low in another (Borenstein, 2019).

Considering the low number of works covered in the
research and the purpose and importance of the research, even
though the Q value was not statistically significant, and the I2
statistic has not received a relatively large value, the narrowness
of the lower and upper limit range of the alpha value in Table
4 ([0.896-0,900]) let the researchers think that the observed
heterogeneity may indicate an amount of heterogeneity that
should be tested and moderator analyzes were carried out to
guide future Meta-Analytical RG researches.

Moderator Analysis Findings Regarding Whether the
Reliability Coefficient Differs According to The Publication
Year, Average and Standard Deviation of Sample Scores

Within the scope of the moderator analysis, firstly, continuous
moderator variables were included in the meta-regression and
the analyzes were carried out. Each moderator variable was
added to the meta-regression separately. Table 5 shows the
findings related to meta-regressions performed with moderator
variables.

Table 5 shows the meta-regression results of continuous
moderators. Regarding Table 5, the regression coefficients of
the continuous moderator variables included in the meta-re-
gressions were not statistically significant, that is, none of the
variables can be said to play a role in the change of reliabil-
ity. Regarding R2 values, indicating the explained variance
of the variables, the explained variance for all variables was
observed to be zero. R2 value(s) equal to zero for the find-
ings of the moderator analysis is quite common and the lit-
erature review shows many studies having R2 value (s) equal
to zero (Meca, Lopez-Pina, Lopez-Lopez, Marin-Martinez,
Rosa-Alcézar, & Gomez-Conesa, 2011; Rubio-Aparicio,
Nufiez-Nufiez, Sanchez-Meca, Lopez-Pina, Marin-Martinez,
& Loépez-Lopez, 2020; Vicent, Rubio-Aparicio, Sanchez-Me-
ca, & Gonzalvez, 2019; Vassar & Bradley, 2012). Q statistics
giving information about heterogeneity were observed to be
statistically insignificant and 12 rates were very low.

Moderator Analysis Findings Regarding Whether

the Reliability Coefficient Differs According to The
Language of the Inventory, The Sample Type and The
Publication Year

To address the second sub-problem of the moderator analyzes,
categorical moderator variables were included in the meta-
regression and the analyzes were carried out. Each moderator
variable was added to the meta-regression separately. Table 6

Table 5: Results of the Simple Meta-Regression Analyses Assuming VC Model for Transformed
Alpha Coefficients of Continuous Moderator Variables.

Moderator Variable k bj se

z ) QE 12 R2

Female % 40 0.0010 0.0005

0.0736 0.9414 QE(38) = 8,39 0
47.6356;
p=0.1359

Average 40 0.0041 0.0021

1.9392 0.0525

QE(38) =
43.8769;

p=0.2364)

9,90 0

Standard Deviation 40 -0.0015 0.0061

-0.2519 0.8011 QE(38) = 8,52 0

47.5739;
p=0.1373)

Note: k = number of studies; bj = unstandardized regression coefficient; z= significance test of the regression coefficient;
p = p value of the significance test. QE = statistic to test the model misspecification. In order to facilitate the interpretation,
the regression coefficients were transformed back to the metric of the original coefficients, [2=heterogeneity index,
R2 = contribution of the moderator variable to the explained variance
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Table 6: Results of the ANOVA Applied on Transformed Alpha Coefficients for the Version Language, Population Type and Publication Year

k; o, 95% CI [ay; o, ] I’ ANOVA Results
Version Language
Others 9 0.8644 [0.8126; 0.9163]
- ) F(1.38) = 3.3957. p=0.0732
English 31 0.8997 [0.8898; 0.9096] 0.00 R2= 0.00
QE(38) = 43.7296. p= 0.2412
Population Type
Patient 16 0.8969 [0.8779;0.9158]
Healthy 21 0.8905 [0.8686; 0.9123]

F(2.37) = 0.3694. p=0.6937
9.69 R2=10.00

Patient and Healthy | 3 0.8733 [0.8354; 0.9113]
QE(37) = 46.7025. p=0.1318
Publication Year
2011-2014 28 0.9004 [0.8894; 0.9113]
2015-2019 12 0.8717 [0.8341; 0.9092] 8.71 F(1.38) = 0.6025. p= 0.4424
R2 = 0.00

Note.

QE(38) = 46.8497. p=0.1537

= number of studies; a,_ mean alpha coefficient; F= Knapp-Hartung’s statistic for testing the significance of the

moderator variable; Q, = the statistic for testing the model misspecification; I°= heterogeneity index; R* = contribution of the

moderator variable to the explained variance.

shows the findings related to meta-regressions performed with
moderator variables.

Table 6 shows the meta-regression results of categoric
moderators. Regarding Table 6, F-test results of the analysis
carried out with categoric moderator variables were observed to
be statistically insignificant. Regarding R2 values indicating the
explained variance, the explained variance was observed to be zero.
Q statistics giving information about heterogeneity were observed
to be statistically insignificant and I2 rates were very low.

The review of Table 5 and Table 6 together shows that
none of the continuous and categorical moderator variables
have an explanatory role for the variability of the reliability
estimates of the inventory. At the same time, Q statistics, which
provide information about the presence of heterogeneity, were
not statistically significant for continuous and categorical
moderator variables; I2 statistics were observed to have very
small values. In Meta Analytical RG studies, it is recommended
to establish an estimation model including the variables that
play a role in the change of reliability by considering the
moderator analysis performed by including continuous and
categorical variables (Rubio-Aparicio et al., 2020). Creating a
model plays a very important role in explaining the variability
of reliability coefficients. Multiple Meta-Regression Analysis is
used to define the subset of the most relevant characteristics
of the works (moderators) to explain the variability of alpha
coefficients. Considering that none of the continuous and
categorical moderator variable has an explanatory role in
the variability of alpha coefficients, multiple meta-regression
analysis was not performed.

Pegem Journal of Education and Instruction, ISSN 2146-0655

Discussion, ConcLUSION & IMPLEMENTATION

Within the scope of this study, a meta-analytical RG was
performed to estimate the reliability of the scores obtained
using BDI-II and to determine the characteristics that
are statistically related to the variability of the reliability
coeflicients. We also estimated the reliability induction rate
and compared the characteristics of the works reporting and
inducing reliability. The RG carried out within the scope of
the research is based on a total of 40 studies.

The tendency to over-generalize the reliability coefficients
of a measuring tool’s previous measurements has been
named as “reliability induction” by Vacha-Haase et al.
(2000). Reliability induction causes many researchers to omit
the calculation and reporting of the reliability coefficients
related to the measurements and the researches are based on
previously published data of different data sets (Willkinson
and The APA Task Force on Statistical Inference, 1999). Only
137 (37%) out of 365 papers selected to be included in the meta-
analytical RG study reported reliability estimates obtained for
the samples. For the remaining 228 (63%) works, 53 (23%) of
them only stated that BDI-II is a reliable measurement tool;
whereas 175 (77%) reported reliability estimates found in other
works, using reliability induction.

In order to avoid mixing the reliability coefficients
calculated by different reliability concepts (test-retest, Omega
etc.), this study focused on Cronbach Alpha values obtained
from 40 papers. The average alpha value obtained from the
reliability estimates of these 40 works was 0.898 with an error
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of 0.009 and this value is in an acceptable reliability range
(Nunnally & Bernstein, 1994). The lower and upper limits of
the confidence interval were found to be 0.896 and 0.900. The
Cronbach Alpha value reported in the original paper involving
the development of BDI-II was 0.92 (Beck, Steer & Brown,
1999), which is higher than the average reliability and upper
limit obtained in the study. This is thought to be related to the
use of scores obtained from a single sample, which is used to
determine BDI-II factor structure in the original paper.

The review the analysis results related to heterogeneity
within the scope of the research (Q(df = 39) = 47.6373, p-val
= 0.1615; 12= 18.13146) made the authors of this study think
that the values should be further examined and moderator
analyzes were performed considering that the reliability
estimates may not explain sampling error alone. According to
the results of the moderator analysis, none of the continuous
(female participant percentage, average, standard deviation)
and categorical (language, sample type, publication year)
moderator variables play an explanatory role in the variability
of BDI-IT’s reliability estimates. Considering the effect of
standard deviation and average value on the alpha coefficients
in psychometrics theory (Nunnally & Bernstein, 1994) and
the effects of the sampling characteristics on the reliability,
the results of the research may seem to be contrary to the
theory of psychometrics, but the literature review revealed
that there are other studies in which the moderator variables
used in meta-analytical RG were observed to have no role in
explaining the change in reliability (Lopez-Pina et al., 2009;
Meca et al., 2011; Vassar and Bradley, 2012; Rubio-Aparicio et
al., 2020; Vicent et al., 2019). Based on this, it was concluded
that the average reliability and lower-upper limit values can
be generalized for BDI-IIL But it should be kept in mind that
reliability is a characteristic of the scores, not a characteristic
of the measurement tool.

Although it has been 24 years since its development, BDI-II
continues to be used frequently in related studies. Although
there are other measurement tools frequently used for the same
purpose in theliterature such as BDI-II and other measurement
tools were developed for the same purpose, it is thought that
the widespread and extensive use of BDI-II will continue.

In addition to the RG studies available in the literature, it
is recommended to conduct new studies and write reference
books. Reliability will be better understood theoretically
as more RG studies are conducted and published; The
psychometric information obtained as a result of the increase
in sample diversity and awareness will be cumulatively used
and more evidence will be collected on features that are
thought to affect the reliability of the measurement results.

Reporting of the researchers’ data reliability estimates is
considered to be important. In the research, only Cronbach
Alpha values were used for reliability. In future studies, the
coeflicients obtained by different reliability methods can be
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combined in a single study using transformation formulas. This
study did not examine the validity of BDI-II scores in various
works or samples. Therefore, validity should not be directly
evaluated according to the results of the study.

The data collected for RG studies is comprised of the
reliability values included in the works on the relevant subject.
In order to carry out high-quality RG studies in the future,
researchers are recommended to report the reliability estimates
of the measurements in their studies.

BDI-II consists of two subscales, cognitive-affective
subscale and a somatic-performance subscale. Reliability
reports on subscales were found to be very few in number by
the authors of this study and they were not covered by the
study. For future RG studies, it is recommended to include
the reliability values related to the sub-scales that constitute
the measurement tools.
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