Gadjah Mada Journal of Psychology (GamaJoP), Volume 9, Number 2, 2023: (page 232-247)
E-ISSN 2407-7798

https://jurnal.ugm.ac.id/gamajop

DOI: 10.22146/gamajop.73878

Psychometric Properties of Mental Health Scale: An Item
Response Theory Approach

Ramadhan Dwi Marvianto®
"Faculty of Psychology, Universitas Gadjah Mada, Indonesia

Submitted 1 April 2022 Accepted 4 August 2022  Published 31 October 2023

Abstract. Indonesia Family Life Survey (IFLS): the fifth wave used the Centre for Epidemiological
Studies Scale (CES-D10) to measure mental health state, which was a depressive symptoms
construct. It was primarily used in some studies regarding depressive symptoms. However, there
was no specific validation research in the Indonesian context. Thus, this study aimed to (1)
investigate the item quality of the depressive symptom measurement from the IFLS fifth wave, (2)
measurement precision of this scale, and (3) the measurement invariance based on gender using
the IRT approach. This study used data from ILFS-5 in the KP ("Keadaan Psikologis" or Mental
Health) section, which was CES-D10, consisting of 10 items, and conducted IRT analysis using a
2-PL model. The number of participants in the data was 31,447. CFA analysis resulted in a
unidimensional model fit for this scale. Moreover, the finding showed that this scale had good
psychometric properties, including item discrimination and item location, except for items 5 and
8. Despite the poor quality of those items, the reliability coefficient, including the items, met a
reliable measurement criterion. Also, this scale had much information for assessing medium and
severe depressive symptoms. Moreover, the Differential Item Functioning (DIF) analysis indicated
that there was no item exhibiting DIF.
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Recently, depression has become a serious problem around the world. It was already a
significant public health issue, as the increase from 1990 to 2017 was about 49.86% (Liu et
al., 2020). Moreover, the World Health Organization (WHO, 2017) published a report
stating that around 325 million, or 4.4% of people suffered from depression. The South-e
ast Asia region had the most significant contribution, accounting for about 27% of the total
case. Specifically, in Indonesia, the prevalence of depression among Indonesian people in
the same year was around 2.50%, or 6 million people (University of Washington, 2021). This
number seemed to be perceived as a small amount, yet it might grow remarkably.
Therefore, screening and measuring depression were essential to reducing the inclined
trend.

In Indonesia, there is a large-scale assessment called the Indonesian Family Life
Survey (ILFS). Conducted by RAND (2021), the ILFS is a well-known survey that measured
demographic and social-economic, education, and health aspects of Indonesian society. It
started in 1993 and ended in 2015 as the fifth wave. This survey, mainly from the fourth

wave, included a depression symptom measurement using the Centre for Epidemiological
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Studies Scale (CES-D10) to gauge participants’ mental health condition. CES-D was a short
scale designed to measure depressive symptoms in the general population (Roadolff, 1977).
This depressive symptom measurement from ILFS was used mainly in some
studies. Starting from IFLS-4, it was applied to search its determinant factor (Kashiwagi et
al., 2016), its relationship with recurrent aphthous stomatitis (RAS; Hariyani et al., 2020),
spirituality (Mahwati, 2017), smoking behaviour (Liew & Gardner, 2016; Purborini et al.,
2021), perceived health, and acute morbidities (Purborini et al., 2021), explore
multimorbidity (Hussain et al., 2015) and prevalence (Purborini et al., 2021). Also, the fifth
wave was used to estimate a prevalence amount (Astutik et al., 2021), be a screening tool
(Pengpid et al., 2019), be an indicator of the quality of life (QoL; Yuniati & Kamso, 2020),
explore morbidity (Leung et al., 2021), an exclusion criterion (Peltzer & Pengpid, 2018) and
find an association of depressive symptoms with a chronic condition, health, and physical
functioning (Astutik ef al., 2021), sleep disturbance (Isaura et al., 2020), sociodemographic
factors, stressors, lack of social trust, soft drink consumption, lack of religiosity, a chronic
condition, and tobacco use (Peltzer & Pengpid, 2018), living alone (Widhowati et al., 2020),
and physical activity. Not only the fourth and fifth wave, but the ILFS East version gauged
in 2012 was also used as a measurement of mental well-being (Cao & Rammohan, 2016).

However, RAND (2021a) did not mention any technical report about the quality of
this measurement. Despite lacking information on the quality, some studies found that
CES-D had good psychometric properties in other contexts. Baron et al. (2017) found some
valid evidence regarding internal structure and association with other variables using the
classical test theory approach. They examined sensitivity and specificity of the South
African population. Likewise, Zhang et al. (2012) conducted exploratory factor analysis,
reliability, sensitivity and specificity estimation of CES-D-10 Canada for people with  HIV.
Similarly, in a more specific subgroup population, Bjérgvinsson et al. (2013) found that this
single-factor model fitted with the data obtained, each item had a satisfactory
discrimination index and factor loading, and also that this measurement got validity
evidence based on association with other variables, which was either a relevant or not
relevant construct. However, there was no specific validation of CES-D in the Indonesian
context,and  the validation was not applied to the newest approach called item response
theory (IRT).

IRT was a new approach to construct and evaluate an instrument that some
psychologists and educationalists initially developed to produce  quality = examination
and non-exam assessments (Hambleton et al., 1991). Recently, this approach was applied
to evaluate some health measurement tools, particularly on depression (Ayis et al., 2018;
Chiesi et al., 2017; Giusti et al., 2020; Gustryanti et al., 2017). This approach also provided
robust item parameter estimation, which did not depend on the particular sample as much

as the classical test theory approach did (Ayala, 2009).
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Furthermore, IRT can examine item bias using a method called Differential Item Function
(DIF), a method to detect whether items were differently responded to by specific
subgroups (Ayala, 2009). The difference between male and female on a depression level
became an interesting issue. Some studies found that =~ females had a more significant risk
of depression symptoms (Girgus et al., 2017; Nazroo et al., 1998). Therefore, the score
obtained by this measurement should be free from gender bias, which the female group
tends to respond to highly. This study aimed to (1) investigate the item quality of the
depressive symptom measurement from the IFLS fifth wave, (2) measurement precision of

this scale, and (3) the DIF based on gender using the IRT approach.

Method

Participants

This project used data sources from IFLS-5. Strauss et al. (2016) reported that this survey
involved information on individual, household and community levels from 13 out of 27
provinces in Indonesia. The data sources consisted of 31.447 individuals from 14.714
households. Statistically, more than half of the participants were female (53.25%). In terms
of age and scale score, both genders had an adequate mean and standard deviation. See

Table 1 for the statistic descriptive.

Table 1.

Statistic Descriptive Based on Gender

All sample Male sample Female sample
(N=31.447) (46.75%) (53.25%)
Mean SD Range Mean SD Mean SD
Age 37.33 14.93 14-101 37.59 14.99 37.09 14.88
Mental health 16.4 4.78 10 — 40 16.31 4.67 16.48 4.88

Instrument

IFLS-5, reported by Strauss et al. (2016), included measurement of depressive symptoms
using CES-D. It was constructed by Roadolff (1977), which initially consisted of 20 items.
Then, Andresen et al. (1994) analysed to make this scale shorter, and it resulted in 10 items
widely used in some research. Also, the scale was placed on Book 3D in "Mental Health" in
English or "Kesehatan Psikologis” in Bahasa, which measures symptoms of depression that
participants perceived within the past two weeks. Moreover, the scale used the Likert scale

for the response format, starting from 1 (Rarely or none) until 4 (Occasionally).
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Data Analysis

Descriptive Statistics. It was conducted for each item, including mean, standard deviation
(SD), and response proportion. Berk (2006) stated that the mean and SD reflect how easy
the participants agreed to the item and how each item's response varied across all
participants, respectively. The proportion of response showed the percentage of
participants who selected the specific response options. This analysis was conducted using
the base package in R (R Core Team, 2020).

Dimensionality. This project conducted CFA to investigate the proposed unidimensional
model of this scale. To check the fit of the proposed model, it used RMSEA, which is part
of non-incremental fit indexes. It is more stable than incremental fit indexes such as CFI,
and RMSEA is more appropriate in confirmatory contexts (Rigdon, 1996). Also, factor
loading was investigated to examine how well each item represents  the latent variable
underlying it (Furr & Bacharach, 2013). The CFA was conducted through R using the lavaan
package (Rosseel, 2012).

IRT Analysis. 2-PL IRT analysis that would be considered for this project were the
Generalized Partial Credit Model (GPCM) and Graded Response Model (GRM) as these
models also included the estimation of item discriminationi n the analysis besides item
difficulty (Ayala, 2009). The use of item discrimination in this project analysis was to
examine how each item can differentiate the individual who has high and low ability on
the measured construct. This parameter relates to item information with higher value
associated with the peaked item information curve (Embretson, 1985). Selecting the model
would use Bayesian Information Criteria (BIC) to deal with overfit issues and assess the
model selection uncertainty (Wu et al., 2019). The lower value indicated a better fit.

The item characteristic curve (ICC), which used a category characteristic curve or
cumulative category characteristic curve (depending on the fittest model between GPCM
and GRM), would be generated to visualize item difficulty and discrimination parameters.

The analysis above was conducted using mirt package in R (Chalmers, 2012).

Reliability Estimation. This project generated an IRT test reliability coefficient to get the
reliability estimation for the scale. Kim and Feldt (2010) argued that the use of the IRT test
reliability coefficient is more appropriate when IRT is used than CTT approaches such as
Alpha. Also, IRT analysis provides reliability estimation for other groups beyond the
selected group included in the dataset since CTT is a test- and group-dependent. This
reliability estimation needed a latent score, which then this project would use as expected
a posteriori (EAP) estimation as it was most popular in use and easy to compute for
unidimensional construct (Brown & Croudace, 2015). This estimation also used the mirt
package in R (Chalmers, 2012).
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The Precision of Measurement. Feuerstahler et al. (2020) explained that precision of
measurement across the trait ability could be indexed by a function called the test
information function. This function was a graph with the y-axis as information value and
x-axis as participants' ability scores, which illustrated where ability has the most
informative one area and which range of ability region where the scale was reliable. This

graph was generated using the Itm package (Rizopoulos, 2006).

Different Item Function. This term refers to a method to identify functioning items
differently over subgroups of particular populations (Ayala, 2009). Item exhibiting DIF was
indicated as an item bias. On the other hand, the Non-DIF item indicated that persons from
different subgroups within a specific population had an equal chance of answering the item
correctly. The selection of the item exhibiting DIF used BIC value and adjusted significance
value using Bonferroni correction to reduce false-positive rate in multiple testing (Haynes,
2013). The analysis also used the mirt package in R (Chalmers, 2012).

Results

Item Descriptive Statistic for the Item
Table 2 shows the code and wording of each item, as well as some descriptive statistics.

Item means ranged from 1.34 to 1.90, and SD showed between 0.75 and 1.09, indicating
that the items were hard to be agreed and had a widespread response, respectively (Berk,
2006). It is supported by the proportion of responses in which participants selected all the
category responses. However, most participants chose the first category, which was more

than 50%, or .50, in almost all items.

Table 2.
Item Code. Content and Descriptive Statistic For Mental Health Scale (N = 31.447)
Item Factor Proportion of Response
Mean SD Loading
Code Wording (SE) 1 2 3 4
I was bothered by
MHO01 things that usually 1.58 .88 .55 (.006) .64 18 14 .04
don’t bother me
I had trouble
MHO02 concentrating in 1.62 .89 .67 (.006) .62 .19 15 .04

what I was doing

MHO03 I felt depressed 1.45 .82 .69 (.005) 73 .14 .10 .04
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Table 2. (Continued)
Item Code. Content and Descriptive Statistic For Mental Health Scale (N = 31.447)

Item Factor Proportion of Response
Mean SD Loading

Code Wording (SE) 1 2 3 4
I felt thing I

MH04 . crenyiung 187 1.09 .53 (.006) 54 17 16 13
did was an effort

MHos | [elt hopeful about 190  1.06 ~17 50 22 A7 1
the future (.006)

MHO06 I felt fearful 1.54 .89 .60 (.006) .68 15 12 .05
My sleep was

MHO07 1.76 1.07 .50 (.006) .61 13 15 a1
restless

MHO08 Iwas happy 1.88 .98 .06 (.006) 46 .28 18 .08

MHO09 I felt lonely 1.34 .75 .52 (.006) .81 .09 .08 .03
I coul

MH1g | could notget 146 .84  .53(.006) 73 11 12 04

going

Notes. 1 =TRarely or none (< 1 day); 2 = Some days (1-2 days); 3 = Occasionally (3-4 days); 4
= Occasionally (3-4 days).

Dimensionality

This project assumed that the scale was constructed using a unidimensional framework.
Then, CFA was conducted to test whether the unidimensional model was supported by the
data. It resulted in an RMSEA of .086, which exceeded the cut-off for a close fit model
proposed by Hu and Bentler (1998), that is .06. However, RMSEA value between .08 to .10
indicated a mediocre fit (MacCallum et al., 1996). Also, Olino et al. (2008), in their study,
claimed their RMSEA finding of .90 as an acceptable value. Therefore, this model can still
be considered as a unidimensional model. Nevertheless, considering factor loading, items
HMO05 and MHO08 had a small factor loading coefficient. Item HMO05 even had a negative
value that was -0,17 and HMO08 had 0,06. Both these items were unfavourable items. Thus,

it was suggested to have further investigation about the function of these items.

Item Parameter

IRT model selection was conducted using GPCM and GRM and evaluated based on the BIC
value. It showed that the GPCM (589669.5) model had a higher BIC of 5609.638 than the
GRM (584059.9) model. Therefore, this project used the GRM model for the rest of the

analysis.
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Table 3.
Item Discrimination (A) and Location (B) of Mental Health Scale.

Item location (&)

Discrimination
Ttem @ Threshold Threshold Threshold
1(8,) 2 (6,) 3 (45)
MEHOL 1.56 56 1.37 2.63
[1.52.1.60] [.54, .59] [1.33.1.40] [2.56. 2.69]
2.19 42 1.1 2.1
MHO02 2.13,2.25 ’ °
[2.13,2.25] [.39, .43] [1.11, 1.15] [2.12,2.21]
2.70
ME03 e 75 1.32 2.08
[2.62,2.79] [.73, .77] [1.29, 1.34] [2.04, 2.12]
1.41 21 ) 1.81
MHO04 1.37,1.45 > i
[1.37, 1.45] [.19, 23] [.92,.98] [1.77, 1.86]
-35 i 3
MEIOS P .04 2.69 6.02
[-.37,-.32] [-.03, .11] [-2.89, -2.48] [-6.45, -5.58]
1.85 ) 1. 2.24
MHO06 1.80, 1.90 ° >
[1.80, 1.90] [.64, .68] [1.30, 1.36] [2.20, 2.29]
1.30
MEO7 o 48 1.10 2.08
[1.26,1.33] [.45, .50] [1.07, 1.14] [2.03,2.13]
15 -1 1
— B .00 6.89 15.8
[.13,.18] [-1.22,-.78] [5.80, 7.97] [13.32, 18.30]
1.74 1.23 1.75 2.67
MHO09 1.68,1.79
[1.68,1.79] [1.20, 1.26] [1.70, 1.79] [2.60, 2.74]
1.58 4 1
MEIL0 Loh 16 9 52 2.68
54, 1. [.91, .97] [1.49, 1.56] [2.61, 2.74]

In general, item discrimination ranged from 1.30 to 2.70, which were categorized as a good
item in discriminating participants above 1.35 (Baker, 2001). However, MHO05 and MHO08
showed low and even negative values, indicating that the items were ineffective in
discriminating students” ability. It was supported by Figure 1, showing that both items did
not have steep curves for each probability in answering the higher category. Also, it had a
different pattern in terms of item location as compared to the others. The other items had
probability progressively starting from below 1, 1-2, and more than 2 for each threshold in
order, while these items had remarkable progression. For instance, MHO5, its item location
for choosing category two or higher was .04, then the category three or higher was -2.69,
which was a significant difference between the two thresholds. Even category 4 was double

the previous threshold.
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Figure 1.
Cumulative Category Characteristic Curve for Mental Health Scale’s Items
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In terms of information function, Figure 2 illustrates each item information curve. Almost
every item gave much information between ability around 0 to 3, which meant that it could
separate the participant who suffered a moderate and severe level of depressive symptom.
However, MH05 and MHO08 showed the horizontal line indicating that they almost did not
give any information for all ability. Therefore, it supported that these items did not work
functionally. On the other hand, MHO03 was the most informative item as compared to the

others.
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Figure 2.
Item Information Curve for Mental Health Scale’s Items
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This project evaluated reliability using IRT test reliability, including MH05 and MHO08 as
the original scale. It resulted in an IRT test reliability coefficient of .756, which met the
criteria of good reliability .70 (Nunnally & Bernstein, 1994). Therefore, despite the inclusion

of MHO05 and MHO08, the measurement using the 10-items will still result in reliable results.

Precision of Measurement

Figure 3 showed the test information curve. This scale was suitable for detecting
participants who had a moderate  and severe level of the depressive symptom as the high

information was on ability between around 0 to 3.

Figure 3.

Test Information Curve for Mental Health Scale’s Items
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Differential Item Function

Based on the DIF analysis, the decrease of BIC value for each item ranged between 9 and
10. The adjusted significance level using Bonferroni correction showed that all items were
almost perfectly close to 1, which indicated that all items did not exhibit DIF at all. Then, it
can be said that there is no item exhibiting DIF based on gender. Male and female

participants had an adequately similar probability of agreeing to each item.

Discussion

Based on our information, studies examining the mental health section's psychometric
properties from IFLS-5 are limited. So, this project is providing the psychometric properties
of the scale. In general, findings suggest that this scale has good psychometric properties
for measuring symptoms of depression in the Indonesia sample.

However, although the data's unidimensional model is supported, this project finds
that MHO05 and MHO08 have low factor loading and item discrimination coefficient. This
result is in line with previous study findings that stated that these items had low factor
loading (Boey, 1999; Bradley et al., 2010; Lee & Chokkanathan, 2008) when measured in
unidimensional construct. Also, some previous studies found that these items were
included in a different factor from the other items, namely positive affect (Baron et al., 2017;
Boey, 1999; Cheng et al., 2006; Lee & Chokkanathan, 2008), while the remaining items stood
for depressed affect. Depressed affect reflected negative effects, for which Diener and
Emmons (1984) stated that negative and positive affect were relatively independent. It
means those might be separated into different factors.

This finding can be explained by Schroevers et al. (2000) idea that positive affect was
broadly tapping with other constructs such as compared to another factor. They also stated
that depressed affects from CES-D could represent the essential characteristics
of depressive symptom, namely miserable mood, loss of interest, loss of pleasure, weight
lossor gain, sleeping problems, problems in motor and cognitive activity, loss of energy,
worthlessness, guilty feelings, suicidal thoughts, and concentration problems. Otherwise,
positive affects did not reflect the characteristics above. It is also supported by Iwata et al.
(1998) study that depressed affect measure could differentiate between depressed patients
and non-depressed participants in the Japanese context, while the positive affect could not.
Furthermore, findings from item information showed no remarkable information from
MHO05 and MHO8. This can be explained by Cheng et al. (2006) a study arguing that positive
affect was marginally contributed to the depression symptoms compared to other factors.
They suggested that positive affect items can be removed as these items did not
significantly affect the ability of the scale in measuring depression.

In terms of measurement invariance, this project found that there was no item
exhibiting DIF. This finding was in line with the study conducted by Stommel et al. (1993),
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which found that males and females responded differently in the item of "crying" and
"talked less" than the remaining items and did not show a different response pattern
between males and females. Therefore, the measurement to compare the depression level
between males and females could be trusted.

As this study uses data from IFLS-5, which was conducted by a careful and
comprehended sampling procedure (Strauss et al., 2016), this finding can be generalized in
Indonesian society. However, this project also had some limitations. First, this project
merely assumed the unidimensional model of the scale, while some studies found that the
model could be more than one, that is, two-, three-factor model and more complex higher-
order models. Future studies are suggested to explore the best model for this scale to
investigate validity evidence based on the scale's internal structure in the Indonesian
context. Second, considering that this project just focused on the quality of the item without
giving any attention to the cut-off score and there were no studies concerned with  this
issue, especially in the Indonesian context, further studies are encouraged to examine the
cut-off of this scale. Lastly, this project examined the scale using all subgroup populations
without considering ethnicity or age group. As some studies specifically focused on these
factors (Baron et al., 2017; Chiesi et al., 2017), future studies may consider including these

factors.

Conclusion

The findings suggest that the Mental Health Scale from ILFS-5 has good psychometric
properties except for MHO05 and MHO08. The scale has the best performance in
differentiating participants with medium to severe depressive symptoms by using all items.
Lastly, there is no item exhibiting DIF, which leads to no bias measurement based on
gender. Therefore, this scale is an adequate tool for measuring depressive symptoms for

research purposes, especially in the Indonesian context.

Recommendation
This research merely focused on the 2-PL IRT in evaluating the Mental Health Scale. It was
limited to the discrimination index, item difficulty, and other psychometric properties
included in the 2-PL Polytomous IRT analysis. Also, this research only investigated the
psychometric properties from the scale, resulting in exhibiting poor items which then
needed to be excluded in scoring or other processes of validation, such as obtaining validity
evidence based on association with other variables.

Based on the written limitations, for further research or development, response
option formats should be considered. This is done in order to investigate whether the
options are ordered or there is an ambiguous response option.  Also, this analysis can be

evidence to use a certain number of responses, such as 2, 3, or the original responses, 4.
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Moreover, the use of 8-item should be investigated to get validity evidence based on
association with other variables, and it should be analysed to get a norm for Indonesia’s

population.
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