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of the Depression anxiety stress scale (DASS-
21) in Chinese left-behind and non-left-
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Abstract

Background Comprehensive data has shown that adolescents often suffer from depression, anxiety, and low self-
esteem, and are in a particularly fragile stage of psychological, physiological, and social development. Left-behind
children in particular tend to have significantly higher, state anxiety and depression compared to non-left-behind
children. The Depression, Anxiety, and Stress Scale (DASS-21) is an effective tool for evaluating depression, anxiety,
and stress, and is used to measure levels of depression, anxiety, and stress in groups from a variety of backgrounds.
The purpose of this study was to determine the effectiveness, reliability, and measurement invariance of the DASS-21
in Chinese left-behind children.

Method The test and re-test method was used (N=676), and the exploratory structural equation model (Mplus
v.8.3) used to verify basic measurement models. For measurement invariance, the configural, weak, strong, and strict
models were tested. The reliability of the DASS-21 was also tested using the collected data.

Results Analysis results showed that the DASS-21 had a stable three-factor structure in the sample of left-behind
children in China. The measurement invariance test showed that gender and time not only had strong invariance, but
also strict invariance. The results of cross left and non-left invariance indicated a lack of strict invariance. Finally, the
McDonald's omega coefficient of the DASS-21 total scale was 0.864, and the internal consistency of each subscale was
also good.

Conclusions The DASS-21 is shown to be an effective and reliable tool for measuring depression, anxiety and stress
in Chinese left-behind children.
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Introduction

Of all mental disorders, emotional disorders have the
highest prevalence worldwide [1], and the experience
of depression, anxiety and stress tend to exacerbate the
risk of developing emotional disorders [2]. Depression
manifests as having low interest in daily activities, which
is usually defined as experiencing a low level of enthu-
siasm, despair, inferiority complex and low motivation
[3]. Anxiety is a subjective and uncomfortable feeling of
stress or worry, distinct from fear or excitement caused
by the expectation of danger [4] and uncontrolled anxiety
will aggravate feelings of depression [5]. Stress is a nega-
tive emotional experience which is accompanied by pre-
dictable physiological, cognitive and behavioral changes
which are adopted with the aim of changing or resolving
stress events or to adapt to their effects [6]. The stress
process model shows that vulnerability factors such as
depression or anxiety can affect exposure or response
to stress [7]. Stress shows a high correlation with both
depression and anxiety, and has been proved to be a risk
factor for the development of both, which will have a sig-
nificant negative impact on one’s quality of life and eco-
nomic costs [8]. Evidence shows that these mental health
problems are directly related to social and physical prob-
lems such as family relationship disorders, higher rates of
suicide, poor grades and use of illegal drugs [9-11], and
it is no surprise that economically disadvantaged devel-
oping countries have reported the highest prevalence of
depression and anxiety symptoms [12]. Moreover, com-
prehensive data has shown that depression, anxiety and
low self-esteem are all particularly prevalent among ado-
lescents [13].

Adolescents are at a particularly vulnerable stage in
terms of their psychological, physical, and social devel-
opment. Some countries have reported particularly high
rates of self-harm and deteriorating mental health among
adolescents [14—16], with adolescents being more prone
to depression and suicidal behavior. Within the demo-
graphic of adolescents, left-behind children are even
more emotionally unstable and at higher risk of mood
disorders. As a particularly vulnerable group created
by the outcomes of China’s rapid urbanization and eco-
nomic development, the physical and mental health of
this group of youth has long been of great concern [17].
Left-behind children are youth under the age of 18 who
have been raised, educated, and managed by other fam-
ily members while their parents migrate to urban areas
to increase their economic opportunities [18, 19]. Paren-
tal labor migration in China tends to undermine fam-
ily integrity, depriving left-behind children of normal
parental resources, attachments, and family interac-
tions. Studies have shown that parental migration has a
negative impact on children’s mental health, leading to
a high prevalence of low self-esteem, loneliness, anxiety,
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depression, and even suicidal ideation [20]. Compared to
their peers in the general population, lack of traditional
family upbringing, limited parental care, and reduced
parent-child contact [21] have all emerged as impor-
tant factors contributing to the mental health challenges
experienced by left-behind children in rural China, and
depression has become one of the most common psy-
chological problems among left-behind adolescents [22].
Vulnerable children are more likely to develop depression
than normal children and several studies have reported
higher prevalence rates of depression or anxiety among
left-behind children than among other children [23, 24],
and have suggested that the separation from their par-
ents increases their vulnerability to mental health prob-
lems. Existing research has shown that depression is an
elevated emotional problem among left-behind children
[25]. Cheng et al. [26] systematically reviewed the preva-
lence and predictors of depression and anxiety among
left-behind children and found that left-behind children
had higher rates of psychological depression/anxiety
compared to their peers, with prevalence rates rang-
ing from 12.1 to 51.4% for depression and 13.2—-57.6%
for anxiety. In addition to internalized problems such as
depression, left-behind children also show externalized
problems due to their special situation and status. Lead-
ing to even greater negative impacts on their psychologi-
cal adjustment [27]. In fact, the results of one study on
left-behind children showed that, stressful life events
significantly predicted left-behind children’s internalized
and externalized problematic behaviors, such as such
loneliness [28].

It has been reported that there are more than 68 mil-
lion left-behind children in China [29], and a 2014(year)
meta-analysis reported a depression rate in left-behind
children of 26.4% [30]. Compared with those living in
intact family environments, children who have been
separated from their parents for long periods of time are
more likely to suffer from a variety of problems, including
low self-esteem, emotional trauma, depression, and anxi-
ety [31], as economic hardship and social discrimination
are additional sources of stress that may also exacerbate
the risk of depression among left-behind children. Over-
all, these results suggest that left-behind children face an
increased risk of mental health problems, highlighting an
urgent need to develop better preventive measures and
more effective emotional management strategies for this
demographic. For this reason, it is important to be able to
effectively assess negative emotions such as depression,
anxiety, and stress in Chinese left-behind children.

Clark and Watson proposed a tripartite model of anxi-
ety and depression comprising general distress, physi-
ological hyperarousal (specific anxiety), and anhedonia
(specific depression), to differentiate between common
mood disorders such as depression, anxiety, and stress
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[32]. Using this as a basis, Lovibond and Lovibond, com-
piled the Depression Anxiety Stress Scale (DASS) [33].
The DASS is a self-reporting instrument designed to
maximize the difference between depression and anxiety
symptoms while also revealing their common charac-
teristics, namely stress. The DASS is composed of three
subscales, depression (assessment of anxiety emotional
state), anxiety (assessment of arousal state), and stress
(assessment of negative emotions towards stressors and
general tension), which are measure using a total of 42
items. The screening tool has been widely used in both
non-clinical [34] and clinical groups [35]. The short ver-
sion of the DASS (DASS-21), consisting of 21 items, has
been proven to have even better psychometric character-
istics than the original scale, and has shown good inter-
nal consistency and reliability (Cronbach’s a=0.74 to

Table 1 Shortened versions of the DASS-21
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0.93) [36, 37], showing more consistency and uniqueness
in assessing depression, anxiety, and stress. Numerous
studies have also tested the structural effectiveness of the
DASS-21, with most proving the stability of the three-
factor structure of the DASS-21 in different groups.
Several other short versions of the DASS have also since
been created (see Table 1), and it has been translated into
45 different languages (e.g., Bangla, Chinese, Arabic, etc.)
[38]. The 21-item version of the DASS is the most-used in
clinical and non-clinical group studies around the world
due to its good psychometric parameters [8, 39], and its
effectiveness in assessing depression, anxiety, and stress
in both adolescents and adults [40] across different social
and cultural backgrounds and sample groups [41]. In the
Chinese context, the DASS-21 has been proved to be

DASS Author Years Factor Sample Age range Reliability Item removed
versions Structure (M, SD)
DASS-20 Parket 2020  Three New South Wales, Australia 16-46Years - item?2
al. factor ASD (N=123) (M=2338,
SD=6.95)
DASS-20 Med- 2018  Three New Zealand university stu- 17-95Years - item5
vedev factor dents and general population  (M=38.09,
etal. (n1=200, n2=200) SD=20.40)
DASS-20 Amin 2014 Three Klang Valley Female nurse 25-55Years a-D=0.76,0-A=0.77, item3
etal. factor (N=453) (M=3062, a-5=0.81,0-T=0.90
SD=5.56)
DASS-19 Leung 2009 Onefactor Chinese college students - Person reliability -
etal. (N=206) =092
DASS-18 Lanet 2020 Three Vietnam students (N=2000) - a-D=0.882, item2, item4, item7
al. factor a-A=0.807,
a-5=0.842,
a-T=0.909
DASS-18 Oeiet 2013  Three Asian employees (N=2300) (M=30.46) a-D=0.86,0-A=0.81, item9,item10, item11
al. factor a-5=0.70, a-T=0.91
DASS-17 Aliand 2019 Onefactor Egyptian inpatient drug users  19-60Years a-T=0.881 item2, item6, item 14,
Green (N=149) (M=325,SD=6.8) item18
DASS-14 Wiseet 2017  Three Melbourne rehabilitation 18-74Years a-D=0.88,a-A=0.73, item2, item5, item8, item9,
al. factor health professionals (N=343) a-5=0.84 item13, item15, item20
DASS-13 Murad 2022 Three Jordan adults (N=935) 18-72 Years - item3, item4, item5, item3,
factor (M=33.55, item12, item14, item15,
SD=1343) item19
DASS-12 Osman 2014  Three Malaysia secondary school 13-17Years a-D=0.68, item5, item8, item9,
etal. factor student (N=2850) a-A=0.53,0-5=0.52, item11,item12,item13,
a-T=0.76 item15, item16, item20
DASS-10 Halford 2021  Three Australia Brisbane clinicaland  n1: M=35.6, a-T=0.89 item5, item6, item8, item?9,
etal. factor community sample (n1=2120, SD=14.3n2: item14, item15, item16,
n2=376) M=328,SD=10.3 item20, item?21
DASS-9 Yusoff 2013 Three Malaysia medical students 18-21Years a-D=0.723, item1, item2, item3, item4,
factor (N=706) M=19.17, a-A=0.52 item8, item12, item13,
SD=0.70) a-5=0.573, item14, item17, item18,
a-T=0.550 item19, item20
DASS-8 Alietal. 2021  Three Saudi Arabia psychiatric pa- > 18Years a-T=0.94 item1, item2, item3, item4,
factor tients and psychiatric patients item5, itemé6, item?7,

(N1=168,n2=992)

item11, item14, item17,
item18, item19, item21

Note: a-D=reliability of depression; a-A=reliability of anxiety; a-S=reliability of stress; a-T=reliability of total scale
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reliable [42, 43], but its application in the left-behind chil-
dren demographic has been limited.

One study validating the DASS-21 found that the
measure showed gender sensitivity, with women scored
higher on the total measure and on its subscales [44],
although Jiang et al. [45] examined the gender mea-
surement invariance of the DASS-21 among 1,532 Chi-
nese hospital staff (74.4% female; mean=31.97 vyears,
(§D=9.70), but it is not yet clear whether this also applies
to Chinese children. In fact, the mental health status of
left-behind children is in a dynamic process of change
as they grow up. As such, research on clinical interven-
tions and their effects on negative emotions should be
compared and tested using longitudinal results [43],
making it even more important to be able to reliably eval-
uate depression, anxiety, and stress across time, using an
instrument has acceptable longitudinal invariance.

Confirmatory factor analysis (CFA) has been widely
used to study the measurement characteristics of the
DASS-21 [46], but some researchers believe that CFA has
limitations in its ability to test the multi-factor measure-
ment model [47], particularly compared to exploratory
structural equation modeling(ESEM). ESEM combines
the functions of exploratory factor analysis (EFA) and
CFA [48], and can simultaneously estimate the load of
the main factors of subjects as well as the load of some
other factors, even if they are relatively small. When veri-
fying the factor model, ESEM is also easier to implement
than CFA, and tends to obtain results closer to the real
situation, allowing for more advanced statistical analy-
sis. For all these reasons, when validating the DASS-21
in Chinese left-behind children, ESEM may be more suit-
able than CFA, especially with the advantages of ESEM in
testing measurement invariance.

Thus, the current study aimed to examine the mea-
surement characteristics of the Chinese version of the
DASS-21 in Chinese left-behind children. In addition to
the traditional CFA method, the ESEM method was also
used to analyze the structural validity of the DASS-21. At
the same time, cross-gender, cross-left-behind equiva-
lence, and longitudinal measurement invariance were
also studied within the ESEM framework. Finally, the
internal consistency and reliability of the DASS-21 were
explored.

Method

Participants

Participants in the current study were students from
Guizhou Province, China. They were invited to par-
ticipate voluntarily, and each participant was invited to
voluntarily provide their student ID number and name
when completing the questionnaire for the first time
if they were interested in participating in the data col-
lection at the second time point, six months later. After
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excluding children who submitted invalid answers, a
total of 676 children aged 10 to 16 years participated in
the study (mean age=12.58 years; SD=0.94; 52.70% boys;
42.90% left-behind children). After an interval of six
months, the student participants completed the follow up
questionnaires.

Procedure

As the participants in this study were under the age of
18, the school first informed the students and their par-
ents of the purpose and process of the survey one week
in advance, and the data collection was carried out in the
students’classroom at school, and under the supervision
of the participants’teacher. The students were assured
that their answers would be kept strictly confidential
and that their choice to participate in theresearch would
not affect their academic performance. After obtain-
ing the informed consent of both the students and their
guardians, the investigation was carried out during a
15-minute session held after class. The teacher in charge
of the survey read out the instructions and explained
the measurement purpose in a controlled manner to
reduce the risks of guess-related deviations. The teachers
explained any questions that the students did not under-
stand to reduce or avoid measurement errors caused
by students'understanding bias. After the students had
completed the questionnaires, they were collected by
the teacher and handed onto the survey leader, who sent
them back to the research team. The researchers checked
the questionnaires carefully and excluded any incomplete
or abnormal answers.

This study conforms to the ethical standards of the
2013 Helsinki Declaration and was approved by the
Committee of the School of Psychology of Guizhou Nor-
mal University (ID: 20,201,018), and informed consent
was obtained from all participants.

Measures

The study used the Chinese version of the DASS-21 scale,
first introduced by Chinese scholar Gong et al. [42]. The
Depression and Anxiety Stress Scale-21 (DASS-21; Lovi-
bond [33]; Chinese version developed by Gong et al. [42])
is a 21-item self-reported questionnaire, used to evalu-
ate the symptoms of depression (e.g., “I felt that I have
nothing to look forward to”), anxiety (e.g., “I was wor-
ried about situations in which I might panic and make a
fool of myself”), and stress (e.g., “I tended to over-react
to situations”), with seven items used to measure each
dimension. Participants are asked to score each item
using a Likert scale ranging from 1 (“Did not apply to
me at all”) to 4 (“Applied to me very much or most of the
time”) regarding the applicability of each item to their
experience of the past week. The total of each subscale
is calculated by adding the scores of all seven items and
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multiplying the sum by two. The total measurement score
can range from O to 42, and the higher the score, the
stronger the respondent’s negative emotional experience.

Statistical analysis

EpiData3.1 was used to encode the questionnaire data
manually, after which it was converted to dta format. The
demographic characteristics and DASS-21 scores were
analyzed using SPSS v26 software. The distribution of
data was analyzed by calculating the skewness and kurto-
sis levels, following the recommendations that, when the
absolute value of kurtosis is less than 10 and the absolute
value of skewness is less than 3, the data can be accepted
as normal distribution.

Mplus v8.3 software was used to perform the CFA,
ESEM and measurement invariance. In terms of data dis-
tribution, the results showed that the data was subject
to normal distribution. Therefore, the maximum likeli-
hood estimation method was adopted. ESEM was then
conducted to verify the structure of the DASS-21. Using
geomin oblique rotation, parameter estimation used
the maximum likelihood method. The CFA results were
also compared with the ESEM results. The Chi-square
test is too sensitive to evaluatemeasurement invariance
in large samples (N>300) [49], as even small differences
might produce significant results with the increase of
sample size, so it was not considered to be useful as the
main indicator of model fitting [50]. However, a value
of x*/df of less than 5 was considered to be acceptable.
The following indicators were used to test for model fit:
comparative fit index (CFI), Tucker-Lewis index (TLI),
standardized root mean square residual (SRMR), root
mean square error of approximation (RMSEA), with
CFI>0.90, TLI>0.90, SRMR close to or less than 0.08,
and RMSEA<0.08 indicating an acceptable model fit
[51]. Next, ESEM was used to test the effects of gender,
left-behind status, and time invariance on the DASS-
21. Four models were established, namely, configural
invariance, weak, strong and strict equivalence, and the
changes between the models were compared. The evalu-
ation criteria of measurement invariance were as follows:
ACFI<0.010, ATLI<0.010 and ARMSEA<0.015 [52].
If at least two of the three changes of the fitting index in
the nested model met the cut-off criteria, the scale was

Table 2 Comparison of CFA and ESEM Fitting Indexes (N=676)
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believed to meet the requirements for measurement
invariance [53].

Finally, to test the internal consistency of the DASS-21,
the McDonald’s omega value was calculated using Jamovi
v2.3.16 software. According to Revelle and Zinbarg [54],
the McDonald’s omega provides a more accurate approx-
imation of the reliability of a scale, with the minimum
required McDonald’s omega value being more than 0.60
[55].

Results

Descriptive statistics

The data collected at the first time point was used to con-
duct descriptive statistical analysis of the DASS-21. The
mean of each item was between 1.39 and 2.59, and the
SD was between 0.75 and 1.00. The average total score
of the scale was 41.65, and the standard deviation was
18.80. The absolute value of the skewness coefficient was
between 0.01 and 2.03, while the absolute value of the
kurtosis coefficient was between 0.08 and 3.27.

DASS-21 factor structure

The applicability of CFA and ESEM were compared for
the DASS-21 and the necessity of using ESEM was veri-
fied. As seen in Table 2 in the traditional CFA model fit-
ting index, TLI and CFI did not meet the fitting standard,
indicating that the model fitting data was poor. However,
the ESEM model fitting index reached the ideal level
(x*/df=1.896, TLI=0.932, CFI=0.952, SRMR=0.029,
RMSEA=0.036), for both boys(x*/df=1.385, TLI=0.943,
CFI=0.960, SRMR=0.034, RMSEA=0.033) and
girls(x?/df=1.481, TLI=0.927, CFI=0.948, SRMR=0.039,
RMSEA=0.039) also reaching the standard, indicating
that the data and model fit well. In other words, a stable
three-factor structure was established for the different
groups. Therefore, the next measurement invariance test
was carried out using the ESEM framework.

Measurement invariance across genders

In the cross-gender test, the model fitting statistics of
configural invariance were satisfactory (TLI=0.936,
CFI=0.954, SRMR=0.036, RMSEA =0.036), which sup-
ported the baseline model of boys and girls. With the
establishment of configural invariance, the weak equiva-
lence test was carried out. The fitting results of the weak

Model X df X2/ df TLI CFI SRMR RMSEA(90%Cl)

CFA 477.664 186 2568 0.882 0.895 0.042 0.048(0.043, 0.054)
ESEM 284436 150 1.896 0.932 0.952 0.029 0.036(0.030, 0.043)
ESEM (male) 207.705 150 1385 0.943 0.960 0.034 0.033(0.021,0.043)
ESEM (female) 222199 150 1481 0927 0948 0.039 0.039(0.027, 0.049)

Notes: x*=chi-square goodness of fit; df=degrees of freedom; TLI=Tucker-Lewis index; CFl=comparative fit index; SRMR=standardized root mean square residual;
RMSEA=root mean square error of approximation; 90% Cl=90% confidence interval for RMSEA
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Table 3 Multi-Group ESEM Comparison Nested Model Fitting Index (Gender Invariance, N=676)

Model x> df x>/df T CFI SRMR RMSEA (90% Cl) ATLI ACFI ARMSEA
Configural invariance 429.905 300 1433 0.936 0.954 0.036 0.036(0.028-0.043) - - -

Weak invariance 523.726 354 1479 0.929 0.940 0.046 0.038(0.031-0.044) 0.007 0.014 0.002
Strong invariance 554.701 372 1.491 0.927 0.935 0.047 0.038(0.031-0.045) 0.002 0.005 0.000

Strict invariance 584.842 393 1.488 0927 0932 0.051 0.038(0.031-0.044) 0.000 0.003 0.000

Notes: x*=chi-square goodness of fit; df=degrees of freedom; TLI=Tucker-Lewis index; CFl=comparative fit index; SRMR=standardized root mean square residual;
RMSEA=root mean square error of approximation; 90% Cl=90% confidence interval for RMSEA; /\ TLI=change in TLI; /\ CFI=change in CFI; /ARMSEA=change in
RMSEA

Table 4 Multi-Group ESEM Comparison Nested Model Fitting Index (Left-Behind and Non-Left-Behind Groups Invariance, N=676)

Model X df X/df TLI CFI SRMR RMSEA (90% Cl) ATLI ACFI ARMSEA
Configural invariance 466.743 300 1.556 0917 0.941 0.037 0.041(0.033-0.048) - - -

Weak invariance 537171 354 1517 0.923 0.935 0.044 0.039(0.032-0.046) 0.006 0.006 0.002
Strong invariance 536.611 372 1.443 0.777 0.802 0.089 0.074(0.060-0.088) 0.146 0.133 0.035
Strict invariance 551.290 393 1403 0.797 0810 0.089 0.071(0.056-0.084) 0.020 0.008 0.003

Notes: x*=chi-square goodness of fit; df=degrees of freedom; TLI=Tucker-Lewis index; CFl=comparative fit index; SRMR=standardized root mean square residual;
RMSEA =root mean square error of approximation; 90% Cl=90% confidence interval for RMSEA; A TLI=change in TLI; /A CFI=change in CFl; /ARMSEA=change in
RMSEA

Table 5 Multi-Group ESEM Comparison Results of Nested Model Fitting Index (Longitudinal Invariance, N=290)

Model X df x2/df TLI CFI SRMR RMSEA (90% Cl) ATLI ACFI ARMSEA
Configural invariance 1006.573 711 1416 0.931 0.943 0.050 0.038(0.032-0.043) - - -

Weak invariance 1072.068 765 1401 0.933 0.941 0.049 0.037(0.032-0.042)  0.002 0.002 0.001
Strong invariance 1092338 783 1395 0934 0940 0.049 0.037(0.032-0042)  0.001 0.001 0.000
Strict invariance 1068911 750 1425 0929 0939 0048 0.038(0.033-0043)  0.005 0.001 0.001

Notes: x*=chi-square goodness of fit; df=degrees of freedom; TLI=Tucker-Lewis index; CFl=comparative fit index; SRMR=standardized root mean square residual;
RMSEA=root mean square error of approximation; 90% Cl=90% confidence interval for RMSEA; /\ TLI=change in TLI; /A CFI=change in CFI; /ARMSEA=change in
RMSEA

equivalence test showed that ATLI, ACFI and ARMSEA
were 0.007, 0.014 and 0.002 respectively(see full results
in Table 3). Although ACFI=0.014>0.01, considering
the results of the other two indicators, the weak equiva-
lence model of gender was also deemed to be acceptable.
The fitting results of strong and strict equivalence tests
showed that ATLI, ACFI and ARMSEA were all <0.01,
which supported gender equivalence.

Measurement invariance across left-behind and non-left-
behind

Table 4 shows the configural invariance ESEM results
of the potential variables between left-behind and non-
left-behind children. The baseline model was established
according to the fitting index (TLI=0.917, CFI=0.941,
SRMR=0.037, RMSEA=0.041). A small difference was
found in the change of the fitting index between the con-
figural invariance and the weak equivalence model(A
TLI=0.006, ACFI=0.006, ARMSEA=0.002), thus the
weak equivalence model was established. In the strong
and strict equivalence models, only some indexes change
within the range of <0.01, and some fitting indexes did
not meet the cut-off standard.

Longitudinal measurement Invariance

Using time as a group index (i.e., first time point=1,
second time point=2), the longitudinal measurement
invariance of the DASS-21 was tested in a sample of
290 left-behind children. The configural (TLI=0.931,
CFI=0.943, SRMR=0.050, RMSEA=0.038), weak (A
TLI=0.002, ACFI=0.002, ARMSEA=0.001), strong
(ATLI=0.001, ACFI=0.001, ARMSEA=0) and strict
equivalence models(ATLI=0.005, ACFI=0.001, A
RMSEA=0.001) were very satisfactory, which supported
the longitudinal invariance of the DASS-21 (see Table 5).

Reliability

In terms of internal consistency, the McDonald’s omega
coefficient of the DASS-21 total table was 0.864. The
McDonald’s omega coefficients of factor 1 (depression),
factor 2 (anxiety) and factor 3 (stress) were 0.709, 0.707
and 0.669, respectively.

Discussion

Many studies have shown ESEM, rather than CFA, may
often be more applicable when model testing for data
fit [56]. Some researchers have argued that the ESEM
model is better able to describe the data, and the results
of the current study lend further support to this claim.
This study examined the validity and reliability of the
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Chinese version of the DASS-21 in Chinese left-behind
children. Previous studies have found that ESEM is able
to overcome the problem of “too strict fitting criteria”
other traditional methods and can organically integrate
the functions of EFA and CFA [57]. The results of this
study show that the ESEM model does indeed have more
advantages than the CFA model, achieving a higher fit-
ting index for the current data. These results show that
ESEM does act as a more flexible and reliable tool when
analyzing scale structures.

In previous studies, the three-factor structure of the
DASS-21 has been obtained through CFA [32, 33], how-
ever, the CFA validated model fit indicators in this study
were poor, which could be due to the presence of many
cross-loaded factor items in the Chinese DASS-21. For
the factor structure of DASS-21, we first used CFA to test
the three-factor model. The results showed that the CFA
model did not reach an acceptable level. The correlation
between individual factors in CFA was too high, however
this result may be due to the aforementioned limitations
of the CFA method. Therefore, the ESEM model was
used to further test the three-factor model of the DASS-
21, and found that the ESEM model did indeed fit well.
As in previous studies, a stable three-factor structure was
confirmed in this study [39, 58, 59]. According to Marsh
et al. [60], CFA should be more minimalist if the model
fit indices of CFA and ESEM are similar. Conversely, if
ESEM is superior to CFA, then providing no crossload
is in fact an overly restrictive condition. As CFA models
can be nested within ESEM, the comparisons in the cur-
ret study are statistically significant. This method is con-
sidered to be one of the most effective ways currently to
address the limitations of CFA, allowing for the presence
of cross-factors within the multi-factor model, resulting
in a more realistic hypothetical multi-factor measure-
ment model. This presents the relationship between the
items and factors more realistically, while also accurately
presenting the relationships between factors.

This study also preliminarily verified the cross-gender
and cross-left-behind equivalence as well as the longi-
tudinal measurement invariance of the DASS-21. After
checking the measurement invariance of the scale, com-
parisons could be made of the different group scores.
The gender invariance was tested according to the order
of configural invariance, weak, strong and strict equiva-
lence. The baseline model showed that boys and girls
shared the same structure, that is, each group had the
same factor pattern. Following the establishment of the
configural invariance model (i.e., the baseline model),
a weak invariance model was established with an equal
load of limiting factors. The results support the potential
traits and observation indicators of the 21 items in the
DASS-21, which all have the same significance between
boy and girl populations. The strong invariance model
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supported the fact that the intercepts of each observa-
tion variable in the DASS-21 were the same across the
different groups, that is, they had the same reference
points between the observation variables of the differ-
ent groups. Finally, the small changes in fitting indica-
tors between models fully supported the establishment
of a strict equivalence model. Millsap [61] has suggested
that configural invariance, weak equivalence and strong
equivalence models are all valid, which can explain
the significance of the cross-group comparisons of the
DASS-21. Therefore, our results show that the 21 items
of the DASS-21 have the same meaning when measuring
the level of depression, anxiety, and stress of either boys
or girls, and that the DASS-21 scale has complete strict
gender equivalence. This means that the scale evaluates
the same structure in either of the two samples, and is
effective for use in either gender, and does not require
separate standard gender-based scores. These results are
similar to Kyriazos et al. [62]. This shows that the gender
invariance of the DASS-21 is consistent across different
cultural backgrounds. This is in line with the findings of
other studies which have proven the gender equivalence
of the DASS-21 across different sample groups, such
as Lu et al. [63] who demonstrated the complete strong
equivalence of the DASS-21 in a sample of Chinese col-
lege students, or Gomez et al. [34] who also demon-
strated strong equivalence between Australian men and
women.

The current study also examined the measurement
invariance between the left-behind group and the non-
left-behind group, but the results only supported the two
models of configural invariance and weak equivalence,
with the fitting index between the strong equivalence
model and the strict equivalence model changing signif-
icantly (>0.01). Therefore, the DASS-21 was not shown
to have cross-left-behind equivalence. This could be due
to the correlation between two observational variables
being greater than or equal to 1, or due to a linear corre-
lation between more than two observation variables [64].
Given the unique negative emotions experienced by left-
behind children as compared to non-left-behind children,
the reason for this result may also be that the scale is sim-
ply more suitable for the left-behind children group.

The study also tested the LMI of the 21 items in the
DASS-21. The results showed that the factor model of the
DASS-21 remained constant at both measurement time
points over a six-month interval. The results of multiple
CFA of the ESEM results showed that the psychometric
characteristics of the scale were not affected by time. The
above four invariants are valid, indicating that the Chi-
nese version of the DASS-21 has longitudinal measure-
ment invariance across time in the left-behind children
group in China. Furthermore, the observation scores of
the DASS-21 can be reasonably compared at different
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time points. To our knowledge, there is currently a lack
of research testing the longitudinal invariance of the
DASS-21, particularly in the context of left-behind chil-
dren in China. As such, the results of this study provide
further strong evidence for LMI of the DASS-21. To bet-
ter determine the changes in elastic characteristics such
as depression, anxiety, or stress over time, the ability to
measure the impacts of timely interventions focused on
improving the mental health development of left-behind
children would be beneficial.

Finally, the internal consistency and reliability analy-
sis results indicated that the McDonald’s omega values
of the DASS-21 total scale and each subscale reached an
expected acceptable level. These results are consistent
with those of other studies which have also shown that
the DASS-21 has good internal consistency reliability [3,
65-70].

In summary, the ESEM method was adopted to evalu-
ate the measurement characteristics of the DASS-21 spe-
cifically in left-behind children in China, and the results
further expand the practical applications of this measure-
ment tool. Specifically, the DASS-21 was shown to mea-
sure negative emotions such as depression, anxiety and
stress specifically within the demographic of left-behind
children, allowing for more timely interventions to be
conducted following the results of the DASS-21, helping
practitioners and healthcare providers to better prevent
further serious negative emotions for these vulnerable
children, and lead to improved development of the men-
tal health of left-behind children.

Limitations and future directions

The DASS-21 is shown to have good reliability and valid-
ity in a sample of Chinese left-behind children, and can
be used to assess their levels of depression, anxiety and
stress. However, this study still has some shortcomings
which should be noted. In terms of analytical methods,
ESEM is a structural equation modeling (SEM) method.
Similar to the EFA measurement model, SEM contains
a similar structure, with the difference being in its mea-
surement modeling, which allows for simultaneous
estimation of loadings of a same indicator on multiple
factors. However, this does not mean that ESEM can
be used to replace any of the other methods. Second,
because the ESEM set must be rotated in its entirety
when any factor is rotated, all of the topics in an ESEM
set can only be set as a whole in relation to the out-of-set
variables, which reduces the flexibility of the analysis to
some extent. Therefore, the application of ESEM analysis
methods must be analyzed on a case-by-case basis.

In terms of samples, first, our longitudinal tracking
samples were limited to only a few schools in Guizhou
province. Therefore, the sample range is narrow and not
large enough, which can affect the general applicability of
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the results, as a small number of samples cannot repre-
sent all potential sample demographics in China. Future
studies should expand the sample size to further analyze
left-behind children in China using the DASS-21 to con-
firm and extend the results of the current study. Second,
because the current study used only two time points,
the number of follow-up surveys was not sufficient.
The mental health status of left-behind children is in a
dynamic process of change, making it difficult to deter-
mine whether their depression, anxiety, and stress status
will change over a longer period of time. Future studies
should adopt a longer time interval between measure-
ments to better determine the changes of elastic charac-
teristics over time. Finally, although the current study has
achieved satisfactory results among left-behind children
in China, it remains unclear whether this conclusion can
be extended to left-behind children with other cultural
backgrounds, which should be tested in future studies.

Conclusion

This study provides preliminary verification of the psy-
chometric characteristics of the DASS-21 in Chinese
left-behind children with the results of the ESEM model
supporting the three-factor model. The DASS-21 was
found to have good reliability, validity and measurement
invariance among Chinese left-behind children, and can
be used to assess their level of depression, anxiety and
stress. This effort broadens the scope of application of
the DASS-21, and has important practical significance
for the study of the mental health of Chinese left-behind
children.
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