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In the version of this article initially published, Henn, C., & Morgan, B. (2019). Differential item
functioning of the CESDR-R and GAD-7 in African and white working adults. SA Journal of
Industrial Psychology/SA Tydskrif vir Bedryfsielkunde, 45(0), al663. https://doi.org/10.4102/sajip.
v45i0.1663 the title of the manuscript has been incorrectly published as ‘Differential item functioning
of the CESDR-R and GAD-7 in African and white working adults’. The correct title wording is
‘Differential item functioning of the CESD-R and GAD-7 in African and white working adults’.

On page 5 of the article, Table 1 is incorrectly displayed without the confidence intervals for the
alpha and parameter estimates for the omega columns.

The correct table is presented below:

TABLE 1: Descriptive statistics and reliability coefficients for the Centre for Epidemiological Depression Scale Revised and
Generalised Anxiety Disorder 7 scale scores across African and white participants.

Participants Mean  Mdn. SD Skew. Kurt. SE ) Confidence [ Parameter [
intervals estimates

CESD-R African 1537 11.00 14.33 1.27 117 082 094 0.92, 0.95 0.94 0.92, 0.95 0.69

CESD-R white 14.04 10.00 14.29 1.87 3.90 0.92 0.95 0.93,0.96 0.95 0.93,0.96 0.80

GAD-7 African 5.91 4.00 5.34 0.89 -0.09 031 091 0.89, 0.93 0.91 0.89, 0.93 0.86

GAD-7 white 6.28 5.00 5.31 0.89 -0.06 035 093 0.92,0.95 0.93 0.92,0.95 0.85

Note: 95% bootstrapped confidence intervals for coefficient o and . CESD-R African: n = 307; CESD-R white: n = 244; GAD-7 African: n = 304; GAD-7
white: n = 225.

CESD-R, Centre for Epidemiological Depression Scale Revised; GAD-7, Generalised Anxiety Disorder 7-ltem Scale; SD, standard deviation;
SE, standard error; Mdn., median; Skew., skewness; Kurt., kurtosis; f, Revelle’s coefficient beta.

This correction does not alter the study’s findings of significance or overall interpretation of the
study’s results. The publisher apologises for any inconvenience caused.

Note: DOI of original article: https://doi.org/10.4102/sajip.v45i0.1663
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Orientation: Depression and anxiety can have undesirable consequences for employees and
their employers. It is therefore important that employers pay attention to the existence and
extent of depression and anxiety. However, measuring these constructs requires unbiased,

reliable and valid instruments.

Research purpose: To facilitate unbiased measurement of depression and anxiety, we
investigated differential item functioning of the Centre for Epidemiologic Studies Depression
Scale-Revised (CESD-R) and Generalised Anxiety Disorder Scale 7 (GAD-7) in a sample of
non-clinical African and white working adults.

Motivation for the study: Biased measurement instruments can lead to serious problems
when comparing scores between groups, using raw score cut-offs, or creating norm scores.
Practitioners are legally and ethically required to ensure that any instrument used is
unbiased.

Research approach/design and method: A cross-sectional survey design was used. The
CESD-R and GAD-7 were administered to working adults. A final sample of 551 CESD-R
responses and 529 GAD-7 responses were included in the analyses. Ordinal logistic regression
was performed to investigate differential item functioning.

Main findings: Both CESD-R and GAD-7 showed some evidence of differential item
functioning although it was mostly small in magnitude. Item bias had some minor non-
negligible impact on aggregated observed scores within specific ranges of the underlying
traits.

Practical/managerial implications: Both CESD-R and GAD-7 show promise as instruments
that can be utilised to explore the experience of anxiety and depression in African and white
employees.

Contribution/value-add: This study is a promising first step towards the measurement
fairness of the CESD-R and GAD-7 in the South African context.

Keywords: Depression; Anxiety; GAD-7; CESD-R; Differential Item Functioning.

Introduction
Orientation
The World Health Organization (2014) defines mental health as:

[A] state of well-being in which every individual realizes his or her own potential, can cope with
the normal stresses of life, can work productively and fruitfully, and is able to make a contribution to
her or his community. (para. 1)

It is important that mental illness is identified and effectively treated to promote and maintain
mental health. Statistics with regard to mental illness are sobering. The World Health Assembly
(2012) reports that 76% — 85% of persons with mental illnesses in low- to middle-income countries
do not receive treatment. Poor mental health has social and economic impacts, directly affecting
an individual’s ability to work and earn an income, and indirectly affecting the economy at a
national level (World Health Assembly, 2012).

Depression and anxiety disorders are considered to be among the top 10 causes of workplace
disability globally (Harnois & Gabriel, 2002). Both mental health conditions pose a real threat to
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employee well-being and organisational effectiveness
(Bender & Farvolden, 2008; Evans-Lacko et al., 2016). A
workplace is ‘an ideal setting for depression and anxiety
interventions” (Mykletun & Harvey, 2012, p. 868) because
adults spend much of their time in the workplace (Tan et al.,
2014). Indeed, research supports the effectiveness of
workplace interventions for depression and anxiety (Joyce,
Modini, Christensen, & Mykletun, 2016; Tan et al., 2014).
Despite these findings, anxiety and depression in the
workplace appear to have received little research attention,
particularly in South Africa, with limited research available
on their workplace impact. Therefore, it is important that
more research is conducted on these topics. However, to be
able to do this, it is necessary to measure depression and
anxiety in the workplace with appropriate, psychometrically
sound and unbiased measuring instruments. The Centre for
Epidemiologic Studies Depression Scale (CESD) (Radloff,
1977) and its revised version (CESD-R) (Eaton, Smith, Ybarra,
Muntaner, & Tien, 2004) and the Generalised Anxiety
Disorder Scale 7 (GAD-7) (Spitzer, Kroenke, Williams, &
Lowe, 2006) are often used to measure depression and anxiety
in clinical and non-clinical samples. These two instruments
are particularly useful as they measure the symptoms most
commonly associated with depression and anxiety.

Research purpose and objectives

Unfortunately there is limited evidence available on the
reliability and validity of these two instruments when used
in South African workplaces. It is particularly important
that measurement bias, also referred to as Differential Item
Functioning (DIF), in these two instruments as one form of
validity is investigated. Differential item functioning means
that respondents from different groups! who have the same
relative standing on some latent trait have different response
probabilities on one or more items of an instrument that
measures the latent traits (Chalmers, Counsell, & Flora,
2016; Zumbo, 1999). These differences (after respondents
are matched on the latent traits) usually reflect construct
irrelevant factors that can confound observed scores
(De Sa-Junior et al.,, 2019). This is problematic because
decisions are made on observed scores with the assumption
that these scores are uncontaminated by unwanted sources
of variance (e.g. Gamerman, Gongalves, & Soares, 2018;
Steyn & De Bruin, 2018).

Differential item functioning often leads to item bias (Sireci,
2011) and failure to account for this bias can lead to biased or
even incorrect decisions when item scores are translated into
aggregated scale scores. Investigating DIF is therefore both a
legal and an ethical imperative (Jodoin & Gierl, 2001). In
South Africa, the Health Professions Act of 1974 (Republic of
South Africa, 1974) and the Employment Equity Act (EEA) of
1998 (Republic of South Africa, 1998) are clear on the legal
and ethical imperatives of using unbiased instruments, with

of gender, cultural background, education, ethnic origin, or age’ (International Test

Commission, 2013, p. 17). Zumbo (1999, p. 13) indicates that ‘standard comparisons
are based on gender, race, sub-culture, or language’.
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the EEA indicating that no instruments (or scores obtained
from these instruments) should be used in the workplace if
they are unreliable, have limited validity evidence, and/or
are biased against any person. It is the responsibility of
practitioners to ‘contribute to specific empirical studies
related to the psychometric properties of the tests they use’
(Health Professions Council of South Africa Form 208,
2006, p. 1) and to ensure that there is ‘[e]vidence relating to ...
DIF ... [w]hen tests are to be used with individuals from different
groups’ (italics in original, International Test Commission,
2013, p. 17).

Applied to the CESD-R and GAD-7 item bias (i.e. DIF) means
that observed scores between groups cannot be directly
compared because these scores consist of construct relevant
and construct irrelevant sources of variance (De S& Junior
et al., 2019; Van De Vijver & Leung, 2011; Zumbo, 1999). It
also holds implications for cut-off scores used to indicate
depression and anxiety (Carleton et al., 2013; Spitzer et al.,
2006) and norm scores created for these instruments (Carleton
et al., 2013). These two instruments must therefore be free of
DIF if they are used to measure depression and anxiety in
South African workplaces. Against this background and as a
starting point for future research, this study sets out to
investigate DIF in the CSED-R and GAD-7 items with a
sample of non-clinical African and white working adults.
Unfortunately, we could not include mixed-race, Indian
and/or Asian participants in our study because there was
insufficient data available to allow for meaningful DIF
analysis. The results of this study hold important implications
for the psychometric properties of the CESD-R and GAD-7
and their use in South African workplaces. In the following
sections, we provide a brief overview of depression and
anxiety at work. We then discuss the CESD-R and GAD-7
and distinguish between item bias and DIFE.

Literature review
Depression and anxiety at work

Depression is a mood disorder that includes symptoms
such as feelings of worthlessness, depressed mood, decreased
or increased appetite, insomnia or hypersomnia, poor
concentration, anhedonia, loss of energy and loss of interest
(American Psychiatric Association [APA], 2013). Generalised
anxiety is characterised by symptoms such as feelings of
worry and apprehension, feeling constantly on edge, feelings
of impending doom and physical sensations such as heart
palpitations, sweating hands and nausea (refer to the
Diagnostic and Statistical Manual for Mental Disorders
[DSM-V], APA, 2013). In South Africa, the lifetime prevalence
of depression and anxiety is approximately 9.8% and 5.8%,
respectively (Herman et al., 2009).

Given the typical symptoms of anxiety and depression, and
the relatively high prevalence thereof in South Africa, it is to
be expected that both these mental disorders would have a
detrimental effect in the workplace. These effects include an
increased risk of workplace accidents, a deterioration in work
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performance and increased absenteeism (Haslam, Atkinson,
Brown, & Haslam, 2005). Mall et al. (2015), for example,
reported that depression and anxiety, respectively, caused
27.2 and 28.2 days out-of-role annually. Organisations are
impacted negatively by factors such as decreased productivity
and high staff turnover (Haslam et al., 2005). Workplaces can
also worsen symptoms of depression because of factors such
as high workload and stigmatised attitudes towards mental
illness (Haslam et al., 2005). Given the ubiquitousness of
depression and anxiety and their effects at work, it is crucial
that organisations give high priority to these mental
disorders. According to Mall et al. (2015), however, this is not
yet the case. Organisations need to investigate depression
and anxiety in their organisations, and to be able to do so
it is important that psychometrically sound measuring
instruments are used. Moreover, in South Africa with its
multicultural context, such measuring instruments should be
unbiased (i.e. fair) so that scores do not disadvantage any
particular group.

The Centre for Epidemiologic Studies
Depression Scale-Revised

Radloff (1977) developed the Centre for Epidemiologic
Studies Depression Scale (CES-D), a self-report instrument,
to measure depression in the general population. The CES-D
has been used extensively in research. In fact, in their search
of the Psych Articles Database (PAD), Van Dam and
Earleywine (2010) found that the Beck Depression Inventory
(BDI) and the CES-D are the two most commonly used
depression scales. It has since been revised (Eaton et al., 2004)
to reflect the diagnostic criteria for depression described in
the DSM-IV-TR (APA, 2000). In the most recent update of the
DSM, the DSM-V (APA, 2013), the diagnostic criteria for
depression remain the same as in the DSM-IV-TR. Eaton et al.
(2004) reported a correlation of 0.93 between the CESD and
the CESD-R scores, meaning that these instruments are
mostly interchangeable. Although the revision to the CES-D
has been done in 2004, to our knowledge little research has
been published on the CESD-R.

The CESD-R (Eaton et al., 2004) consists of 20 items. For each
item, participants must indicate how often during the past 2
weeks they have felt or behaved in a particular way. With
regard to factor structure of the CESD-R, Eaton et al. (2004)
and Van Dam and Earleywine (2010) found support for a
unidimensional model. Walsh (2014), on the other hand,
found good model fit for a two-factor model with 16 items
instead of the original 20 items. Unfortunately, Walsh (2014)
did not report on the full-factor pattern matrix or factor
correlation matrix, making it difficult to determine how
much shared variance exists in these two factors. Van Dam
and Earleywine (2010) and Walsh (2014) established
discriminant and convergent validity for the CESD-R.
Internal consistency coefficients typically are all above 0.90
(Eaton et al., 2004; Van Dam & Earleywine, 2010; Walsh,
2014). In South Africa, the CESD-R was validated for use
among a South African non-clinical sample of working adults
(Michas & Henn, 2019). Michas and Henn (2019) found good
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model fit for a one-factor model and convergent and
discriminant validity was also established. Reliability of the
scale score was also supported with an internal consistency
coefficient of 0.95.

The Generalised Anxiety Disorder Scale

The GAD-7 (Spitzer et al., 2006, p. 1092) was developed to
‘identify probable cases of GAD and to assess symptom
severity’. Items were developed based on diagnostic criteria
in the DSM-IV (APA, 2005) as well as the investigation of
existing anxiety scales. Although originally intended for
clinical and primary care settings, the instrument gained
popularity as a psychometrically sound instrument to
measure and detect generalised anxiety in the general
population. The GAD-7 is a self-report questionnaire with
seven items. Participants on this scale indicate how often the
item stems occurred over the last 2 weeks (Spitzer et al., 2006).

Many validation studies of the GAD-7 have been undertaken
in a range of populations, such as pregnant women (Zhong
et al., 2015), the general population (Léwe et al., 2008),
infertile men and women (Omani-Samani, Maroufizadeh,
Ghaberi, & Navid, 2018), outpatients with diagnosed
anxiety and mood disorders (Rutter & Brown, 2017), the
psychiatric population (Beard & Bjorgvinsson, 2014),
employees (Henn & Bezuidenhout, 2019), adolescents
(Tiirikainen, = Haravuori, Ranta, Kaltiala-Heino, &
Marttunen, 2019) and primary care patients (Jordan,
Shedden-Mora, & Lowe, 2017). The scale has also been
translated into several other languages, including Spanish
(Garcia-Campayo et al., 2010), German (Léwe et al., 2008),
French (Barthel, Barkmann, Ehrhardt, Bindt, & International
CDS Study Group, 2014), Twi (Barthel et al., 2014) and
Dutch (Donker, Van Straten, Marks, & Cuijpers, 2011).

With regard to factor structure, most studies found a
unidimensional model to have the best fit (e.g. Garcia-
Campayo et al,, 2010; Hinz et al., 2017; Jordan et al., 2017;
Lowe et al., 2008; Omani-Samani, et al., 2018; Sousa et al.,
2015; Tiirikainen et al. 2019). Barthel et al. (2014) found that
although a unidimensional model performed the best, the
explained variance was rather low. A non-negligible structure
was found in the standardised residuals after fitting the
Rasch model, suggesting that the scale might not necessarily
be unidimensional in their sample. In a cross-cultural study,
Parkerson, Thibodeau, Brandt, Zvolensky and Asmundson
(2015) found a unidimensional model for white participants
only. They also found some evidence for DIF in items GAD-7
1, GAD-7 5 and GAD-7 6, with black or African American
participants generally showing lower expected scores after
matching on the latent traits compared to Hispanic and white
participants. The DIF tended to be most pronounced at the
upper end of the latent trait.

Henn and Bezuidenhout (2019) validated the GAD-7 for
use in a non-clinical sample of employees in South Africa
and found a good model fit for a one-factor model
and also reported evidence of discriminant validity and
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some convergent validity. Reported alpha coefficients are
generally higher, for example, 0.92 (Spitzer et al., 2006), 0.93
(Garcia-Campayo et al., 2010), 0.88 (Sousa et al., 2015), 0.89
(Zhong et al., 2015), 0.91 (Tirrikainen et al., 2018) and, in
South Africa it is 0.92 (Henn & Bezuidenhout, 2019). Barthel
et al. (2014), however, reported lower alpha coefficients of
0.69 for French-speaking persons in Cote d’Ivoire, and 0.67
for Twi-speaking persons in Ghana.

Differential item functioning

We previously defined DIF as different response probabilities
to an item across groups when participants in these groups
are matched on the latent traits (Zumbo, 1999). Van De Vijver
and Leung (2011) state that:

[Aln item is biased [i.e., has DIF] if respondents with the same
standing on the underlying construct [i.e., the latent trait] ... do
not have the same mean [or expected] score on the item because of
different cultural origins. (p. 25)

These two definitions are equivalent. Differential item
functioning and item bias are often used interchangeably.
However, as Sireci (2011) points out, an item should be
considered biased when it shows non-negligible DIF and
when this DIF can be ascribed to construct irrelevant factors.
In other words, this DIF is because of ‘some characteristic
of the test item or testing situation that is not relevant to the
test purpose’” (Zumbo, 1999, p. 12). In the DIF literature, a
distinction is often made between uniform and non-uniform
DIF. Uniform DIF implies that differences in the probability
of item endorsement across groups conditional on latent
trait estimates are constant across the whole distribution.
Non-uniform DIF occurs when these differences change
(i.e. interact) at different locations in this distribution
(Berger & Tutz, 2015; De Beer, 2004; Gamerman et al., 2018;
Jodoin & Gierl, 2001). In the next section, we detail the
method used in this study.

Method
Research approach

Data were collected from four studies under the supervision
of the first author (Claassens, 2018; Michas, 2018; Sekatane,
2018; Tsebe, 2018). These studies used a quantitative research
approach and a cross-sectional survey research design. A
cross-sectional design allowed the researchers to investigate
and interpret results from participants at the same point in
time (Gravetter & Forzano, 2015).

Research participants

Non-probability convenience and snowball sampling
methods were used in the aforementioned studies to obtain
participants. Convenience sampling is employed when any
person meeting the inclusion criteria can be invited to
participate in the study. It was extended in this study to
snowball sampling as participants referred other potential
participants to the researchers (Gravetter & Forzano, 2015).
These sampling methods were utilised because the working
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population in South Africa is large and it was therefore not
possible to obtain a random sample. It also aided in obtaining
a heterogeneous sample from a wide variety of industries.
Working adults who were 18 years old or above, able to read
and write in English and employed for at least 1 year were
invited to participate in the study. In total, 687 responses to
the GAD-7 and CESD-R were obtained. Because of data
cleaning and merging of different data sets there were some
differences in the final sample groups used in our analyses.
We therefore provide a description of the sample used for the
CESD-R analysis and the sample used for the GAD-7 analysis.

After cleaning the data we had 551 CESD-R scores of African
(n = 307) and white (n = 244) participants. As mentioned
earlier, other race groups were not included because there was
insufficient data available to meaningfully investigate DIE.
The mean age of the participants was 36.15 years (median = 33,
Standard Deviation [SD] = 11.26). For the African participants,
the mean age was 34.15 years (median = 32, SD = 8.97) and for
the white participants the mean age was 38.54 years (median =
36, SD = 13.12). There were approximately twice as many
women (1 = 346, 64.19%) as men (n = 193, 35.81%) in the sample
for both the African (women: n = 186, 63.05%; men: n = 109,
36.95%) and white (women: n = 160, 65.67%; men: n = 84,
34.43%) sample groups. Most of the participants indicated
that their home language was Afrikaans (n = 149, 27.04%) or
Sepedi (n = 116, 21.05%). The mean years of employment was
8.11 (median = 5, SD = 8.23) for the African participants and
8.83 (median = 6, SD = 9.01) for the white participants.

We had 529 GAD-7 scores of African (n = 304) and white
(n = 225) participants. The mean age of the participants was
38.83 years (median = 35, SD = 13.26). For the African
participants, the mean age was 34.18 years (median = 34.18,
SD = 9.38) and for the white participants the mean age
was 38.83 years (median = 36, SD = 13.26). There were
approximately twice as many women (n = 339, 65.44%) as
men (n = 179, 34.56%) in the sample for both the African
(women: n = 185, 63.13%; men: n = 108, 36.86%) and white
(women: n = 154, 68.44%; men: n =71, 31.56%) sample groups.
Most of the participants stated that their home language was
Afrikaans (n = 140, 26.47%) or Sepedi (n = 111, 20.98%). The
mean years of employment was 8.40 (median = 5, SD = 8.37)
for the African participants and 8.77 (median = 5, SD = 9.03)
for the white participants.

Measuring instruments

The CESD-R (Eaton et al., 2004) and GAD-7 (Spitzer et al.,
2006) scales were used in this study. The CESD-R consists of
20 items and participants have to indicate how often they
have behaved in a particular way or experienced a particular
feeling in the past 1 week or so. Responses are based on a
five-point scale ranging from not at all or less than 1 day to
nearly every day for 2 weeks. The GAD-7 has seven items that
are scored on a four-point scale ranging from not at all to
nearly every day. Participants have to indicate how often over
the last 2 weeks they have been bothered by particular
problems. On both scales, higher scores indicate higher levels
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of depression and anxiety, respectively. As these instruments
were presented in detail in the literature review section, no
further information will be provided here.

Research procedure and ethical considerations

The data used in this study were collected during 2016 and
2017 as part of a larger project on mental health in the
workplace. Data were collected online and in person using
hard copy questionnaires. Participants were informed of the
purpose of the study, that the participation was voluntary
and that they were free to withdraw from the study at
any point in time without any adverse consequences. No
identifying information was obtained, ensuring anonymity
and confidentiality. The participants gave consent for their
responses to be used in future studies. The contact details of
the first author, who is a registered counselling psychologist,
was provided to the participants in the event that they
required any psychological assistance.

Statistical analysis

Differential item functioning was investigated using
ordinal logistic regression as implemented in the lordif
package (Choi, Gibbons, & Crane, 2011, version 0.3-3) in
R (R Core Team, 2018, version 3.4.1, Vienna, Austria). This
approach uses a series of nested logistic regression models for
eachitem toinvestigate DIF, where the items and their associated
ordered response categories (probability of endorsement of a
response category) are the outcome variables. Model 1 uses trait
level as a predictor. Trait level in this context represents the
latent variable score estimates (thetas) for the CESD-R and
GAD-7. Model 2 uses trait level and group membership as
predictors and Model 3 uses trait level, group membership and
their interaction as predictors (Choi et al., 2011; Crane, Gibbons,
Jolley, & Van Belle, 2006). The graded response model (Samejima,
1969) was fit to item responses and trait-level estimates obtained
using an iterative purification procedure (see Crane et al., 2006
for an overview of this technique). The iterative purification
procedure approach can help reduce the detection of artificial
DIF (Hagquist & Andrich, 2017).

We used the likelihood ratio test for models 1 and 2 to
investigate uniform DIF, models 2 and 3 to investigate non-
uniform DIF and models 1 and 3 to investigate total DIE
Statistical significance for each likelihood ratio test was set to p
< 0.01 instead of the usual p < 0.05. We did this to account for
multiple comparisons while still preserving power to detect
potential DIF (Hope, Adamson, McManus, Chis, & Elder,
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2018). To assist in detecting uniform DIF, we also investigated
the proportional change in the beta coefficient of trait level
between models 1 and 2 for each item (Choi et al., 2011).
Following Crane et al. (2007), we used a proportional change
of 0.05 (5%) as our cut-off value and compared these results to
the aforementioned likelihood ratio tests. Lastly, we compared
the difference in Nagelkerke’s pseudo R? across the three
models as an approximate measure of the magnitude of the
DIF for each item. Jodoin and Gierl’s (2001) criteria were used,
where AR? < 0.035 indicates a negligible DIF, AR* between 0.035
and 0.070 indicates a moderate DIF and AR? > 0.070 indicates a
large DIE For each analysis the African participants were the
reference group because the African group had a larger sample
size and the white participants were the focus group.

Results
Descriptive statistics and reliability coefficients

Descriptive statistics and reliability coefficients for the
GAD-7 and CESD-R scale scores for each group are presented
in Table 1. Satisfactory reliability coefficients were found
for both scale scores. We applied Revelle’s coefficient £
(Revelle, 1979) to investigate unidimensionality of each scale.
Previous studies (Henn & Bezuidenhout, 2019; Michas &
Henn, 2019) using parts of these data have already established
unidimensionality of the CESD-R and GAD-7 scales.
Coefficient f was therefore used as an additional descriptive
measure of unidimensionality of the item scores in our
analysis. In brief, coefficient £ indicates the proportion of
variance in item scores that can be attributed to a common
factor (Revelle & Zinbarg, 2008). It should at a minimum be
0.50 (Revelle, 1979). Unidimensionality was supported for
both the CESD-R and GAD-7 scales, with f coefficients all
> 0.50. Coefficient # was somewhat smaller for the African
CESD-R responses, suggesting that there might be some
deviation from unidimensionality. However, it was not
considered to be of practical concern in this study because it
still suggested unidimensionality.

Differential item functioning Centre for
Epidemiologic Studies Depression Scale-Revised

Table 2 presents the DIF results for the CESD-R. Data in the
table show that six (30%) of the 20 CESD-R items had
statistically significant total DIF (i.e. y* Model 1 and Model 3).
Statistical significance at p < 0.05 was retained for three items
after applying Holm—Bonferroni corrections to the p values.
Five items showed uniform DIF and one item showed non-
uniform DIF. However, the proportional changes in beta

TABLE 1: Descriptive statistics and reliability coefficients for the Centre for Epidemiological Depression Scale Revised and Generalised Anxiety Disorder 7 scale scores

across African and white participants.

Participants Mean Mdn. SD Skew. Kurt. SE o [0} B

CESD-R African 15.37 11.00 14.33 1.27 1.17 0.82 0.94 0.92,0.95 0.69
CESD-R White 14.04 10.00 14.29 1.87 3.90 0.92 0.95 0.93,0.96 0.80
GAD-7 African 5.91 4.00 5.34 0.89 -0.09 0.31 0.91 0.89, 0.93 0.86
GAD-7 White 6.28 5.00 5.31 0.89 -0.06 0.35 0.93 0.92, 0.95 0.85

Note: 95% bootstrapped confidence intervals for coefficient o and ® in parentheses. CESD-R African n = 307, white n = 244. GAD-7 African n = 304, white n = 225.
CESD-R, Centre for Epidemiological Depression Scale Revised; GAD-7, Generalised Anxiety Disorder 7-ltem Scale; SD, standard deviation; SE, standard error; Mdn., median; Skew., skewness;

Kurt., kurtosis; B, Revelle’s coefficient beta.
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TABLE 2: Differential item functioning for the Centre for Epidemiological Depression Scale Revised items.

Item 1 i L s 1 iz p adj. AR? AR . AR . A

CESD-R 1 0.001 0.656 0.003 0.054 0.018 0.000 0.018 0.002
CESD-R 2 0.870 0.000 0.002 0.034 0.000 0.011 0.011 0.001
CESD-R 3 0.230 0.048 0.069 0.898 0.001 0.003 0.004 0.003
CESD-R 4 0.645 0.395 0.626 1.000 0.000 0.001 0.001 0.002
CESD-R 5 0.120 0.121 0.090 1.000 0.003 0.003 0.005 0.006
CESD-R 6 0.009 0.033 0.003 0.054 0.006 0.004 0.009 0.004
CESD-R 7 0.000 0.581 0.000 0.000 0.016 0.000 0.016 0.045
CESD-R 8 0.029 0.045 0.012 0.174 0.005 0.004 0.009 0.002
CESD-R9 0.934 0.464 0.762 1.000 0.000 0.001 0.001 0.000
CESD-R 10 0.400 0.593 0.608 1.000 0.001 0.000 0.001 0.001
CESD-R 11 0.000 0.583 0.000 0.000 0.041 0.001 0.042 0.018
CESD-R 12 0.763 0.894 0.947 1.000 0.000 0.000 0.000 0.001
CESD-R 13 0.449 0.853 0.738 1.000 0.001 0.000 0.001 0.005
CESD-R 14 0.881 0.071 0.194 1.000 0.000 0.009 0.009 0.001
CESD-R 15 0.186 0.373 0.281 1.000 0.006 0.003 0.009 0.000
CESD-R 16 0.725 0.604 0.821 1.000 0.000 0.000 0.000 0.001
CESD-R 17 0.003 0.373 0.008 0.122 0.014 0.001 0.015 0.029
CESD-R 18 0.043 0.858 0.126 1.000 0.009 0.000 0.010 0.006
CESD-R 19 0.597 0.180 0.354 1.000 0.000 0.002 0.003 0.002
CESD-R 20 0.520 0.410 0.579 1.000 0.000 0.001 0.001 0.003

Note: Values reported under y? columns are the p-values for the likelihood ratio tests. Statistically significant p-values, AR? > 0.035 and Af > 0.05 in bold.
M12, models 1 and 2; M23, models 2 and 3; M13, models 1 and 3; p adj., Holm-Bonferroni adjusted p-values for 5>, .; A, proportional changes in 4.

coefficients were < 0.050 for all five of these items showing
uniform DIF and only one item had a AR? > 0.035. The mean
difference in initial (not accounting for DIF) and purified
(accounting for DIF) theta estimates across both groups
was 0.000 (median = -0.000, SD = 0.026, range = -0.098 to 0.101,
interquartile range = -0.016 to 0.020). Items CESD-R 7 and
CESD-R 11 appeared to be especially problematic, with the
item characteristic curves showing that white participants
were more likely to endorse item CSED-R 7 and less likely to
endorse item CSED-R 11 across the whole latent distribution.

Figure 1 presents the test characteristic curve using group-
specific item parameters. The figure shows that there were
minor overall differences in expected scores, suggesting that
expected score differences in opposite directions at the item
level (i.e., over- and under-estimation) cancelled each other
out. White participants had slightly lower expected scores at
the lower end and slightly higher expected scores at the
higher end of the theta distribution. As a whole, however,
these results suggest that DIF had a negligible overall impact
on expected scores.?

Differential item functioning Generalised
Anxiety Disorder Scale-7

Table 3 presents the DIF results for the GAD-7. Data in the
table show that two (29%) of the seven GAD-7 items had
statistically significant total DIF (i.e. > Model 1 and Model 3).
Statistical significance for these two items at p < 0.05 was

procedures described by Chalmers et al. (2016) as implemented in the mirt
(Chalmers, 2012) package version 1.30. The results showed that there was
approximately 0.50% (0.32%, 1.10%) average absolute difference in test response
curves (integrated over a theta range of -4.00 to 4.00) and approximately 0.03
(-0.46, 0.53, p = 0.91) raw score bias on average. Both of these scores indicate
negligible overall impact of DIF at the aggregated score level. Plotting the signed
differential test functioning suggested that there was minor non-negligible DIF in
the -3.00 to 0.40 theta range, with a maximum of 0.70 raw score bias in this range.
These results can be obtained from the second author.
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FIGURE 1: Test characteristic curve for all Centre for Epidemiologic Studies
Depression Scale-Revised items.

retained after applying Holm-Bonferroni corrections to the
p values. Both of the identified items showed uniform DIF.
However, the proportional changes in beta coefficients were
< 0.050 and the AR* were < 0.035. Item GAD-7 6 did not reach
statistical significance at p = 0.01. It, however, showed
potential uniform DIF with a p value of 0.012 (and 0.065 after
applying the Holm-Bonferroni corrections).

The mean difference in initial (not accounting for DIF) and
purified (accounting for DIF) theta estimates was 0.000
(median = -0.000, SD = 0.037, range = -0.152 to 0.157,
interquartile range = -0.021, 0.013). Item characteristic curves
showed that white participants were more likely to endorse
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TABLE 3: Differential item functioning for the Generalised Anxiety Disorder 7 items.

Item 1 i X s X s p adj. AR? AR . AR . A

GAD-7 1 0.002 0.626 0.007 0.043 0.007 0.000 0.007 0.006
GAD-7 2 0.976 0.183 0.412 0.825 0.000 0.001 0.001 0.000
GAD-7 3 0.007 0.093 0.006 0.043 0.004 0.002 0.006 0.018
GAD-7 4 0.804 0.582 0.833 0.833 0.000 0.000 0.000 0.000
GAD-7 5 0.069 0.240 0.096 0.287 0.003 0.001 0.004 0.008
GAD-7 6 0.012 0.298 0.025 0.125 0.006 0.001 0.007 0.004
GAD-77 0.117 0.066 0.054 0.215 0.002 0.003 0.005 0.007

Note: Values reported under y? columns are the p-values for the likelihood ratio tests. Statistically significant p-values, AR? > 0.035 and Af > 0.05 in bold.
M12, models 1 and 2; M23, models 2 and 3; M13, models 1 and 3; p adj., Holm—Bonferroni adjusted p-values for 5> . .- A, proportional changes in 5.

item GAD-7 1 and less likely to endorse item GAD-7 3 for
most of the underlying traits. Item GAD-7 1 appeared to be
especially problematic at the upper end of the theta distribution.
Figure 2 provides the test characteristic curve using group
specific item parameters. An inspection of the figure shows
that there were minor differences in expected scores at the
lower end of the theta distribution. The differences in expected
scores were more pronounced at the upper end of the theta
distribution, with white participants having larger expected
scores. As a whole, these results suggest that DIF had a minor
overall impact on expected scores at the lower end and middle
of the theta distribution. However, DIF appeared to have a
larger effect at the upper end of the theta distribution.?

Ethical considerations

For all of the studies, ethical clearance was obtained from the
then Faculty of Management Research Ethics Committee at
the University of Johannesburg. The ethical clearance codes
were FOM-2016IPPM029, FOM-20161PPM032, IPPM-2017-
103 (M) and IPPM-2017-104 (M).

Discussion

This study set out to investigate DIF of the CESD-R and
GAD-7 in a sample of non-clinical African and white working
adults as a starting point for future research on the validity of
these two instruments in the South African context. The
objective of the study was achieved. The results showed that
six of the 20 CESD-R items and two of the seven GAD-7 items
showed statistically significant DIF. However, the DIF
magnitudes were quite small with respect to the change in R?,
suggesting that DIF had little impact at the item level.
Parkerson et al. (2015) also found DIF for item GAD-7 1 in the
United States and in the same direction as our results. This
item therefore certainly requires some attention. The test
characteristic curve for the CESD-R showed that DIF at the
item level did not translate to meaningful DIF in aggregated
scale scores. The test characteristic curve for the GAD-7
showed similar results although there was some evidence
for minor non-negligible DIF in the upper end of the

procedures described by Chalmers et al. (2016) as implemented in the mirt
(Chalmers, 2012) package version 1.30. The results showed that there was
approximately 0.68% (0.40%, 1.17%) average absolute difference in test response
curves (integrated over a theta range of -4.00 to 4.00) and approximately -0.06
(0.04, -0.16, p = 0.21) raw score bias on average. Both of these scores indicate minor
overall impact of DIF at the aggregated score level. Plotting the signed differential
test functioning suggested that there was a minor non-negligible DIF in the -2.00 to
-0.50 theta range and 1.80 to 3.60 theta range, with a maximum of 0.29 and -0.65
raw score bias in these two ranges, respectively. These results can be obtained from
the second author.
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FIGURE 2: Test characteristic curve for all Generalised Anxiety Disorder
Scale 7 items.

theta distribution. Few participants scored high on the
GAD-7 despite reducing precision of estimates in this range.
Overall these differences are probably too small to make any
real difference when using the CESD-R and GAD-7 in
research settings for measuring participants across the whole
latent distribution. The same might not be true when using
these instruments in practice.

It is noteworthy that DIF appeared to have a non-negligible
impact at the upper end of the GAD-7 trait scores because
Parkerson et al. (2015) obtained similar results. Although the
expected difference in scores was not large, these results
suggest that there might be some bias for African and white
participants who score high on anxiety when using this
instrument. This minor non-negligible DIF should not
therefore be ignored when using the GAD-7 for screening
purposes, especially if decisions are based on the cut-off
scores used in the literature (e.g. Carleton et al., 2013). As
indicated by Parkerson et al. (2015), practitioners should
be aware of this potential bias because it can lead to over- or
underestimation of trait-level scores. The minor non-
negligible bias in the CESD-R scores should not also be
routinely ignored when using scores for screening purposes
although the overall impact on aggregated scale scores is less
pronounced than the GAD-7.
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Practitioners should exercise proper care and consider
appropriate decision criteria when using these two
instruments in South African workplaces and should not
limit decisions solely to scores on these two instruments.
More specifically, a comprehensive mental health assessment
process is required, of which these measuring instruments
can form a part. As a cautionary note, psychologists in the
workplace should not utilise these instruments to make
individual conclusive diagnoses of depression and anxiety,
as only practitioners who are within their scope of practice
(e.g. psychiatrists) may do so. However, the instruments can
potentially be used to measure prevalence within a group
or population as a whole, and also to potentially identify
individuals who are at risk for they should be referred to an
appropriate mental health practitioner for formal diagnosis
and treatment.

Limitations and recommendations

Overall the study results support the validity of the CESD-R
and GAD-7 items from the perspective of DIF for African
and white working adults in this sample group. However,
our results should be interpreted with caution. The sample
size was quite small and most of the participants scored
relatively low on these two instruments. As previously
alluded to in this article, this can affect the precision of the
parameter estimates, especially at the upper end of the latent
distributions, making it difficult to determine the overall
magnitude of the DIF (Chalmers et al., 2016). It is also
possible that our relatively small sample size lacked the
necessary power to detect statistically significant DIF
although we attempted to correct for this by using a less
strict p-value for determining DIF (Scott et al., 2009).
Researchers should not interpret the results obtained in this
sample as a definitive conclusion on DIF in the CESD-R and
GAD-7 for African and white working adults. There is some
evidence that DIF results generalise across multiple samples
from the same population (Hamzeh, 2004) although it is not
clear if our results will hold for these instruments when
using different sample groups. Our results, however, serve
as a useful starting point for the detection of DIF in the
CESD-R and GAD-7 and we are optimistic that future studies
can build on the promising results of our study. We also
suggest that qualitative studies are needed (Sireci, 2011) to
help determine the source of the bias in the items we
identified as potentially problematic and to suggest
improvements of the CESD-R and GAD-7 items for the
South African context.

Conclusion

This study investigated DIF of the CESD-R and GAD-7
instruments in a South African sample of working persons
and achieved its objective. Overall the results showed minor
evidence for DIF in these instruments, although there was
some non-negligible DIF in some items and at certain ranges
of the theta distribution. This was especially true for the upper
end of the theta distribution for the GAD-7. We believe that
this study contributes to further research on the reliability and
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validity of these two instruments in the South African context,
thereby enabling researchers and organisations to investigate
mental health in detail with the required scientific rigour.
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