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Abstract

Background: A valid and efficient stress measure is important for clinical and community settings. The objectives
of this study were to translate the English version of the Perceived Stress Questionnaire (PSQ) into Chinese and to
assess the psychometric properties of the Chinese version of the PSQ (C-PSQ). The C-PSQ evaluates subjective
experiences of stress instead of a specific and objective status.

Methods: Forward translations and back translations were used to translate the PSQ into Chinese. We used the C-
PSQ to survey 2798 medical students and workers at three study sites in China from 2015 to 2017. Applying Rasch
analysis (RA) and factor analysis (FA), we examined the measurement properties of the C-PSQ. Data were analyzed
using the Rasch model for item fit, local dependence (LD), differential item functioning (DIF), unidimensionality,
separation and reliability, response forms and person-item map. We first optimized the item selection in the
Chinese version to maximize its psychometric quality. Second, we used cross-validation, by exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA), to determine the best fitting model in comparison to the
different variants. Measurement invariance (M) was tested using multi-group CFA across subgroups (medical
students vs. medical workers). We evaluated validity of the C-PSQ using the criterion instruments, such as the
Chinese version of the Perceived Stress Scale (PSS-10), the Short Form-8 Health Survey (SF-8) and the Goldberg
Anxiety and Depression Scale (GADS). Reliability was assessed using internal consistency (Cronbach’s alpha,
Guttman’s lambda-2, and McDonald’s omegas) and reproducibility (test-retest correlation and intraclass correlation
coefficient, [ICC)).
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Results: Infit and/or outfit values indicated that all items fitted the Rasch model. Three item pairs presented local
dependency (residual correlations > 0.30). Ten items showed DIF. Dimensionality instruction suggested that eight
items should be deleted. One item showed low discrimination. Thirteen items from the original PSQ were retained
in the C-PSQ adaptation (i.e. C-PSQ-13). We tested and verified four feasible models to perform EFA. Built on the
EFA models, the optimal CFA model included two first-order factors (i.e. constraint and imbalance) and a second-
order factor (i.e., perceived stress). The first-order model had acceptable goodness of fit (Normed Chi-square = 8.489,
TLI=0.957, CFl=0.965, WRMR = 1.637, RMSEA [90% Cl] = 0.078 [0.072, 0.084]). The second-order model showed
identical model fit. Person separation index (PSI) and person reliability (PR) were 2.42 and 0.85, respectively.
Response forms were adequate, item difficulty matched respondents’ ability levels, and unidimensionality was
found in the two factors. Multi-group CFA showed validity of the optimal model. Concurrent validity of the C-PSQ-
13 was 0.777, — 0.595 and 0.584 (Spearman correlation, P < 0.001, the same hereinafter) for the Chinese version of
the PSS-10, SF-8, and GADS. For reliability analyses, internal consistency of the C-PSQ-13 was 0.878 (Cronbach’s
alpha), 0.880 (Guttman’s lambda-2), and 0.880 (McDonald's omegas); test-retest correlation and ICC were 0.782 and

0.805 in a 2-day interval, respectively.

Conclusion: The C-PSQ-13 shows good metric characteristics for most indicators, which could contribute to stress
research given its validity and economy. This study also contributes to the evidence based regarding between-

group factorial structure analysis.

Keywords: Perceived stress, Instrument validation, Rasch analysis, Factor analysis

Introduction

Stress has been as an old and a pivotal concept, but no
commonly accepted definition of the term, in the health
research since it is associated with various health out-
comes and quality of life. Three prevailing approaches
have been used by researchers to assess different aspects
of this construct. Previous study concerning Selye’s
response-based stress model assuming that events them-
selves act as the causal agent behind pathology, illness,
cognitive impairment, maladaptive behavior, and other
unhealthy outcomes; this model focuses on the assess-
ment of the activation of specific physiological systems
that are involved in the stress response [1, 2]. The stimu-
lus model of stress, by comparison, emphasizes on the
measurement of stressors in terms of environmental
conditions (i.e. environmental stressors or stimuli) [3].
The transactional model of stress concentrates on the
evaluation of the degree and type of the challenge,
threat, harm, or loss, as well as on the individual’s per-
ceived abilities to cope with such stressors [4]; the view
to support this model implies, further, that stress is not
the product of an imbalance between objective demands
and response capacity, but rather of the perception of
these factors [5, 6]. Although recognition around this
general conceptualization over time, from which the
construct of “perceived stress” arisen [7], the critical
constructs underlying perceived stress have been more
complex and challenging to evaluate.

As regards the measurement of stress, there is no clear
consensus as to what the criteria should be for referral
to measuring stressors in the case of objective condi-
tions, including, but not limited to: (a) major life events

and daily hassles (cumulative minor stressors) [3, 8, 9],
(b) stress appraisal (perceptional processing) and/or
emotional response [7, 10], (c) the coping and percep-
tions of control [11]. Indeed, the coping can be seen as a
process, a strategy, and a response to all the elements
(e.g., environment, individual disposition) that play a role
in the effort to adapt [12]. No matter what kind of evalu-
ation system, there are obvious drawbacks that limit
their usefulness in past research.

Summers up the results of empirical research, accu-
mulated or chronic stress has an adverse impact on
mental well-being and physical health, whereas an im-
portant concern is that acute and temporally life events
could not predict illness to the same extent [13], and
what’s more, life events do not predict symptoms [14].
In addition, the personal impact of life events cannot be
ascertained before the event actually occurred [15]. Re-
cent stress research suggests that minor, chronic, daily
stressors may be more important in determining out-
comes than major life events [16]. Other approaches to
measuring stress have diverted the focus from specific
objective stressors to even more chronic and stress expe-
riences independent of concrete objective occasion,
known as a “subjectively experienced stress” [17]. Admit-
tedly, inclination towards assessment of stress appraisal
rather than stressful life event itself has since been tar-
geted; more emphasis has been given to the develop-
ment of stress measurement instruments that focused
mainly on the subjective perception of the individual [7,
17-20].

Perceived stress is the feelings or thoughts that an indi-
vidual has about how much stress they are experiencing at
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a given time or over a time period span, which reflects the
interaction between an individual and environment [21].
Under such background, as an alternative instrument for
assessing the perception of stress, studies increasingly have
used the Perceived Stress Questionnaire (PSQ) of devel-
opers Levenstein and coworkers [22]. To understand the
dimensionality of perceived stress, it has been aimed at
overcoming some of the difficulties concerning the defin-
ition and selecting items tapping potential cognitive, emo-
tional, and symptomatic sequelae of stressful events and
circumstances, which tend to trigger or exacerbate disease
symptoms [2, 23, 24]. The PSQ is specifically recom-
mended for clinical settings, especially in psychosomatic
medicine, though it has been employed in research studies
as well. Similarly, another measuring stress perception
tool, the Perceived Stress Scale (PSS) of developers Cohen
and colleagues [7, 18], belongs to the most common in-
strument of this field in the literature. The original instru-
ment (English) includes 14 items, and other forms have
been evolved for 10- and 4- item subsets of the PSS over
time; and it is currently translated into over 30 languages
in accordance with Laboratory for the Study of Stress,
Immunity, and Disease (Retrieved from: https://www.cmu.
edu/dietrich/psychology/stress-immunity-disease-lab/index.
html). The PSS items assess the extent to which respon-
dents find their lives has been unpredictable, uncontrol-
lable, and overloaded during the previous month. Moreover
cannot but raise, what differs from the PSQ to the PSS is
the specific nature of dimensions and elements, the former
viewed affect and psychosomatic conditions as triggers of
subsequent symptomatology and reflective of perceived
stress, rather than as symptoms themselves, whereas the
latter concerned about cognitive appraisal of stress and the
respondent’s perceived control and coping capability [2, 18,
22, 23]. Again, both the PSQ and the PSS have been found
to predict many psycho-physiological (psychological or
physiological) outcomes that one would expect to follow
from stress [25-34]. Accumulating research, expectantly,
will continue and accelerate to focus on perceived stress in
relation to health and disease over the upcoming years.
Other than the source language (English and Italian),
there are multiple language versions of the PSQ cur-
rently, namely Swedish [35-37], Greek [38], German
[23, 39], Spanish [40], Thai [41], Norwegian [25], French
[42], Arabic [43] and Chinese [44]. Review of the litera-
ture suggests that in various cultures and countries,
some of them provide relatively complete the psycho-
metric properties, and others brief and incomplete,
whereas the latter greater emphasis on clinical applica-
tion. This tool contains two alternative forms, the Gen-
eral PSQ and the Recent PSQ, based upon respondent’s
feelings and thoughts in a given time range, during the
last two years or during the last month, respectively. The
original PSQ has 30 items that distribute seven
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dimensions: harassment, overload, irritability, lack of joy,
fatigue, worries and tension [22]. The Chinese version of
the PSQ (C-PSQ) was tested only in nursing students in
China, apart from some indicators of psychometric still
existed with insufficiency [44]. Furthermore, longer ques-
tionnaires result in higher data collection costs and greater
respondent burden and may lead to lower response rates
and diminished quality of response [45]. Recent findings
have suggested that the original PSQ in routine use could
lead to respondent burden and has item redundancy [23,
37]. Specifically, the C-PSQ-30 likewise also needs to be
parsimonious in order to keep the length of this scale as
short as possible. As such, following previous research,
this study examines two or more samples to evaluate the
psychometric properties using Rasch analysis, factor ana-
lysis and other statistics methods through a psychologic-
ally comprehensive measurement.

Method

Measures

Perceived stress questionnaire (PSQ)

The PSQ was translated into Chinese using forward
translations and back translations based on an integrated
method and these guidelines [46-48], as described
below:

Stage 1: Initial translation; two bilingual translators in-
dependently translated the original PSQ (English) into
simplified Chinese.

Stage 2: Reconcile and synthesis of the translations;
the researchers invite two translators and community
experts (bicultural and bilingual individuals) to reconcile
and synthesize the translations.

Stage 3: Back translation; using the synthetic version
of the instrument from stage 2, another two bilingual
translators separately translated it into English.

Stage 4: Expert committee; the ten-member expert
panel and the original developer of the PSQ did review
all the translations, reach a consensus on any discrep-
ancy, and develop the pre-final version.

Stage 5: Pre-testing; during the internship, nine nurs-
ing students at the hospital participated pretest. Each
student kindly completed the questionnaire (pre-final
version). We, too, closely interviewed these participants
to guarantee that there were no unintelligible or ambigu-
ous questions. Finally, the final Chinese version of the
Perceived Stress Questionnaire (C-PSQ) has been
finalized.

Additionally, we emailed the final version to consult
with Dr. Susan Levenstein to ensure that the two ver-
sions were equivalent in four levels: semantic, idiomatic,
experiential and conceptual [48].

The C-PSQ is consistent with the original version of
the PSQ (English) both in item order and scoring
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method, rating each item with reference to frequency of
occurrence on a four-point Likert scale (1: almost never,
2: sometimes, 3: often, and 4: usually). Eight items (1, 7,
10, 13, 17, 21, 25, 29) need to be reverse scored. The
PSQ index is calculated as (raw score - 30)/90, i.e. (raw
score - the lowest possible score)/ (the highest possible
score - the lowest possible score), which ranges from 0
to 1, with higher values indicating greater level of per-
ceived stress.

Perceived stress scale (PSS)

As the PSS is short and easy to complete, it can be used
together with other measures [49], thereby being se-
lected as the criterion. Meanwhile, among three forms
(number of items) of the PSS, it is recommended that
the PSS-10 be used to measure perceived stress, both in
practice and research [34, 50]. Given that the Simplified
Chinese version of the PSS-10 (C-PSS-10) gained Dr.
Cohens’ recognition [51], this form of the PSS was
chosen in this survey. The C-PSS-10 consists of 10 the
original PSS items in which the participants are asked to
respond to each question on a five-point Likert scale
(0 =never to 4 =very often), indicating how often they
have felt or thought a certain way over the past 4 weeks.
Six items (1, 2, 3, 6, 9, 10) are negative and the
remaining four (4, 5, 7, 8) are positive, the latter are re-
verse scoring items. Composite scores can range from 0
to 40, with higher scores representing greater perceived
stress.

Short form — 8 health survey (SF-8)

The SF-8 Health Survey (SF-8), a concise and generic as-
sessment tool, especially in large-scale observational
studies, generates a health profile consisting of eight
sub-scales: physical functioning (PF), role limitations due
to physical health problems (RP), bodily pain (BP), gen-
eral health perceptions (GH), vitality (VT), social func-
tioning (SF), role limitations due to emotional problems
(RE), and mental health (MH), which are used for com-
puting two summary measure scores (physical compo-
nent score PCS and mental component score MCS) [52].
The SF-8 is comprised of an eight-item subset of the
Short Form-36 Health Survey (SF-36) and has been
translated into Chinese following the standard Inter-
national Quality of Life Assessment (IQOLA) protocol
in a prior study [53], whose Chinese version is repeat-
edly confirmed feasible, reliable, and valid using a large,
representative sample from China and is readily available
[54, 55]. The health dimensions used in our study are
evaluated for physical health and mental health, which is
scored with the Medical Outcomes Study scoring system
[52]. Total scores are calculated as the weighted sum of
the scores for all items, fluctuated in the range 0-100,
with higher scores denoting better health.

Page 4 of 17

Goldberg anxiety and depression scale (GADS)

The Goldberg Anxiety and Depression Scale (GADS), in-
dividually referred to as Goldberg Anxiety Scale (GAS)
and Goldberg Depression Scale (GDS), is an 18-item
self-report symptom inventory [56]. The global score,
which ranges from 0 to 18, is based on responses (“yes”
or “no”, with one or zero point respectively), asking how
respondents to report symptoms experienced over the
past month. Each subscale can give a maximum total of
9, with higher scores suggesting greater levels of symp-
tomatology. Generally, anxiety score>5 or depression
>2 shall be deemed as a 50% risk of a clinically import-
ant disturbance [56]. The GADS was selected as a com-
parator scale in earlier studies, which have revealed good
psychometric properties and proven that it could be reli-
ably and acceptably used by health sectors not special-
ized in mental health [57-59]. Based on the translation
approaches mentioned above, the Chinese version of the
GADS has been published elsewhere and displayed
highly correlation with the C-PSQ in nursing students
[44]. The various languages of the GADS presented a
simple, quick and accurate method of detecting depres-
sion and anxiety in the general population.

Setting and participants

The total sample size consisted of 2798 from three cities
of China, i.e. Wuhan, Ningbo, and Shiyan, respectively
corresponding to three samples named A, B, and C
(Table 1). The participants were recruited from univer-
sities (colleges) and hospitals, which is closely related to
medical field. Sample A and B belonged to medical stu-
dents, while sample C was medical workers. A conveni-
ence sample of 130 undergraduate or postgraduate
students at one university of public health, nursing, clin-
ical or other medical related in Wuhan City participated
in the survey. A total of 122 students in this sample
completed the second test at last. Sampling method of
sample B was stratified random sampling strategy and
stratified college students by their grades. Briefly, we
aimed to randomly sample 50% of the students from
each grade of nursing students to obtain large, represen-
tative samples. Flowchart of the sampling strategy of
sample B is shown in elsewhere [60]. Overall, a total of
1519 students from one college in Ningbo City were
randomly selected. Sample C adopted stratified sampling
to ensure maximal consideration of sampling representa-
tion by means of controlling their proportion of depart-
ments and occupational classes. Three hospitals in
Shiyan City were randomly selected and this sample fi-
nally amounted to 1223 valid questionnaires for analysis.
All participants were given a small incentive: a bar of
chocolate or a pen worthy of 5 RMB (around 0.8 US dol-
lars) for each responder as compensation for their time.
Response rate: 93.85% for sample A, 95.66% for sample
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Table 1 Basic Statistics on Sample and Socio-demographic Characteristics of Participants
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Variable Total sample Sample A Sample B Sample C

Time range Nov 2015 to Jan 2017 Dec 2016 to Jan 2017 Nov 2015 to Jan 2016 Dec 2015 to Jan 2016
Location Three cities Wuhan Ningbo Shiyan

Composition Medic Postgraduates, undergraduates Junior college students Medical workers

Sampling method Two ways Convenient sampling Stratified random sampling Stratified random sampling

Response rates
Gender
Male
Female
Age, years
PSQ Index
PSS
Negative feelings
Positive feelings
SF-8
PCS
MCS
GADS
GAS
GDS

2798/2999 (93.30)

397 (14.19)
2401 (85.81)
2497 +753
0429 +0.155

122/130 (93.85)

42 (3443)

80 (65.57)
2347 £265
0402 +0.133°
15.689 +4.863°
9.734 + 3.506°
5955+ 2051°

1453/1519 (95.66)

20 (1.38)
1433 (98.62)
19.58 £1.09
0.399+0.138

8.081 +4.349
4503 £2442
3577 +2.343

1223/1350 (90.59)

335 (27.39)
888 (72.61)
3151707
0466 +0.168

65.255 +17.097
67.145 £ 17.745
63.364 + 18.924
10.850 £ 4.691
5935+ 2460
4915+ 2620

Note: The above table demonstrated N (%) or Mean + SD, SD = standard deviation; ?, by averaging scores of test-retest (two-time measurements)

B and 90.59% for sample C. An average duration of the
assessment for each respondent is about 15 min, and the
top of the first page is printed with instructions for the
questionnaire fulfillment. Sample test using the instru-
ments was organized as follows. Using the C-PSQ and
C-PSS-10, sample A was tested two times at two days
interval (test-retest method). Sample B was measured by
the C-PSQ and the Chinese GADS. Sample C was inves-
tigated through the C-PSQ, the Chinese SF-8, and the
Chinese GADS (Table 1).

Statistical analysis
Item response theory (IRT)
Given that the responses are ordinal, we used item response
model for analysis of the Chinese version of the PSQ. IRT
application requires two important assumptions [61]: (1)
the construct being measured is in fact unidimensional and
(2) the items display local independence. As Georg Rasch
noted, Rasch measurement generally converts dichotomous
and rating scale observations into linear measures. In con-
trast to classical test theory, Rasch analysis accounts for
both the difficulty of tasks (item difficulty) and the abilities
of subjects (person ability) by modeling the relationship be-
tween a latent trait (i.e. a respondent’s functional ability)
and the items used to measure that trait.

To validate the Chinese PSQ, these key indicators
could best be summed up as: (1) Information-weighted

fit (Infit) and outlier-sensitive fit (Outfit) mean square
(MNSQ) statistics. Reasonable item mean square ranges
for Infit and Outfit between 0.6 and 1.4 were considered
as an indicator of acceptable fit, since type of test was
rating scale (survey) [62]. (2) Unidimensionality. In
addition to item-fit statistics, unidimensionality of the
measured trait was assessed further using principal com-
ponent analysis (PCA) of the residuals. There were two
criteria: the variance explained by the first component
should be adequate (> 50%); the unexplained variance in
the first contrast of the residuals should be less than 3.0
eigenvalue units, preferably < 2.0 eigenvalue units [63].
(3) Local dependence (LD). Local item independence re-
quires that an item be independent of other items - can
be tested by the residual correlation between the items,
with a cutoff value less than 0.30 [63]. Furthermore, fol-
lowing the latest recommendations, evaluation of local
response dependence should also take into consideration
the residual correlation relative to the average residual
correlation [64]. (4) Person separation index (PSI) and
person reliability (PR). Person separation is used to clas-
sify people. The ability of the scale to distinguish differ-
ent strata (or groups) among participants was assessed
using PSI and PR. They are indicators of the fit statistics’
reliability. An acceptable level of person separation of
2.0 and reliability of 0.8 corresponded to the ability to
differentiate among 3 strata; while person separation of
3.0 and reliability of 0.9 respectively represents an
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excellent level or reliability. (5) Differential item func-
tioning (DIF). Differential item functioning refers to the
situation where members from different groups (e.g. dif-
ferent populations, gender, socioeconomic level) on the
same level of the latent trait (disease severity, quality of
life) have a different probability of giving a certain re-
sponse to a particular item [65]. DIF contrast was con-
sidered absent if it was less than 0.50 logits (between —
0.50 and 0.50 logit values) [63], minimal but probably in-
consequential if it ranged between 0.50 and 1.0 logits,
and notable if it was > 1.0 logits. (6) Category thresholds.
Category threshold order, which is reflected by the cat-
egory probability curves, is an important parameter for
demonstrating the usage of response categories, and it is
essential for the calculation of person and item calibra-
tions. Disorder thresholds occur when respondents have
difficulty discriminating between ordered response op-
tions. (7) Person-item map. The map presents person
measures ranked by their ability level and item difficul-
ties ranked by difficulty. It can provide a way to visualize
how well the items target the ability of the respondents.
Optimally, the difference between respondents and item
measure should be approximately 0 logits. Generally, a
mean difference between the person and item measure
in magnitude of 1.0 logits indicates significant mistarget-
ing. (8) Discrimination index. The index of indiscrimin-
ation was defined as the ability of an item on the basis
of which the discrimination is made between superiors
and inferiors. Ebel and Frisbie gave following rule of
thumb (i.e. 0.40 and up, very good items; 0.30 to 0.39,
reasonably good but possibly subject to improvement;
0.20 to 0.29, marginal items, usually needing and being
subject to improvement; below 0.19, poor items, to be
rejected or improved by revision) [66] for determining
the quality of items with respect to their discrimination
index.

Classical test theory (CTT)

To evaluate the psychometric properties was an integral
part of introducing a useful health measurement tool
[67]. Validity was concerned with the true value and ac-
curacy that a measure attempts to capture, and Reliabil-
ity was defined as the consistency and precision of a
measurement [68]. For validity evaluation work, we in
turn assessed the construct validity, concurrent validity
and convergent validity. The construct validity, factorial
validation and the scale structure were verified through
exploratory factor analysis (EFA) and confirmatory fac-
tor analysis (CFA) in aspects of exploration, validation
and cross-validation. It would be better to split the sam-
ple and use one part of the data to derive a model and
the other part to confirm the derived model. For ex-
ploratory analysis, Maximum Likelihood (ML) with an
oblique rotation (promax, power coefficient=4) were
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conducted, this choice of method for extraction and ro-
tation was motivated by these prior studies [23, 37], and
the number of components to retain was determined by
eigenvalues (> 1), scree plots, items content and inter-
pretability as well as total variance explained (usually
60% or higher) [69]. For confirmatory analysis, give that
responses to items in the PSQ are obviously ordinal, we
used a Weighted Least Square Mean and Variance Ad-
justed (WLSMV) to accommodate categorical data [70,
71]. Concurrent validity can be described as “scores on
the measurement tool are correlated to a related criter-
ion at the same time”; convergent validity can be defined
as “extent to which different measures of the same con-
struct correlate with one other” [72]. Concurrent validity
and convergent validity were examined by testing Spear-
man’s correlations of the C-PSQ with the scales men-
tioned above. The correlative coefficient greater than or
equal to 0.45 is recommended by many researchers [72].
We did not assess predictive validity and content valid-
ity. Content validity was reported elsewhere [44].

In CFA and/or multi-group CFA, some goodness-of-fit
indices usually were recommend using benchmarks for
judging model fit, such as Normed Chi-square (NC) <
2.0— < 3.0 [73], Non-Normed Fit Index/Tucker—Lewis
Index (TLI)>0.90 [69], Comparative Fit Index (CFI) >
0.90 [69], Root Mean Square Error of Approximation
(RMSEA) < 0.05 (or 0.06 denotes “a good fit”) or 0.08
(denotes “a reasonable fit”) [74, 75], Weighted Root
Mean Square Residual (WRMR) < 1.0 [76]. To compare
the goodness-of-fit between the nested measurement in-
variance (MI) models, we followed the aforementioned
recommendation of using differences in RMSEA, CFI,
and TLI. Hereby, models with a change in CFI (ACFI) <
0.010, change in RMSEA (ARMSEA) < 0.015, and change
in TLI (ATLI)<0.010 were favored [77-79]. Note that
we did not compare with a chi-square difference test in
four steps models, including configural equivalence,
metric invariance, scalar invariance and strict invariance.
Because the consensus was that this may be an overly
stringent criterion since Ax> (x°) test is dependent on
sample size with a rejection of models with trivial prac-
tical misfit in large samples (N >300) [78, 80, 81].
WRMR illustrated worse fit when sample size increased
or model misspecification increased [76].

For reliability assessment, we first evaluated internal
consistency using Cronbach’s alpha, Guttman’s lambda-
2, McDonald’s omegas, item-total correlations, and split-
half reliability coefficient. Cronbach’s alpha, Guttman’s
lambda-2 (a better reliability estimation method [82])
and McDonald’s omegas (an optimum estimation on
homogeneity reliability) are both internal reliability coef-
ficients [83]. Item-total correlations offer information
about how well each item is associated with total score
for further assessment of internal consistency. Split-half
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reliability correlates scores between randomly divide all
items that purport to measure the same construct into
two sets, calculated based upon Spearman—Brown pre-
diction formula in this study. Second, we evaluated the
reproducibility, including test—retest reliability or score
consistency over time using Pearson’s correlation and
intraclass correlation coefficient (ICC) at an interval of
two days. ICC estimates and their 95% confidence inter-
vals were calculated selecting single measures and two-
way mixed-effects model with absolute agreement type in
view of method and range in collecting retest data [84,
85], to assess level of agreement between scores at two
time points. We also computed the standard error of
measurement, which helps quantify the variability of
measurement errors and estimate measurement precision,
as a supplement indicator in test—retest reliability assess-
ment [86]. Cronbach’s alpha, a positive rating for internal
consistency, reasonably ranges from 0.70 to 0.95 [87].
Considering the proof that alpha < lambda-2 is a standard
result in CTT [88, 89]; hence Guttman’s lambda-2 should
move above 0.70. An omega value is above 0.70 indicates
that there are a reliable total score [90]. Split-half reliabil-
ity coefficient estimates above 0.70 are generally consid-
ered acceptable [91], obviously, it will be very close to 1.0.
Item-total correlations should move in a range between
0.30 and 0.70 [92]. With respect to test—retest correlation
and ICC, 0.70 or 0.75 would act as a set of recommended
threshold values [72, 84, 87, 93].

The use of traditional methods, including CTT, was
conducted using SPSS/PASW Statistics (version 18.0;
SPSS Inc., Chicago, IL, USA), JASP (version 0.11.1; JASP
Team, University of Amsterdam, Amsterdam, The
Netherlands), and Mplus (version 7.4; Muthén &
Muthén, Los Angeles, CA, USA). Among them, results
in the confirmatory step were derived from Mplus based
on polychoric correlation coefficients, other statistics
were performed using SPSS and JASP. For item response
theory analyses, the polytomous Rasch model based on
joint maximum likelihood estimation (JMLE) was ap-
plied using Winsteps (version 4.4.6; John M. Linacre,
Chicago, IL, USA).

Ethics statement

Prior to launching this study, ethical approval was pro-
vided by the Ethics Committee of Wuhan University
School of Medicine (WUSM), China. All procedures
were in accordance with the relevant requirements of
the Declaration of Helsinki and its revised version [94].
Informed consents were obtained from the relevant ad-
ministrative department at the study site and from the
medical students and workers enrolled. The data collec-
tion and transfer process were conducted anonymously
to ensure full respect and protection of individual priv-
acy rights. In addition, written permission to create and
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use this Chinese version of the PSQ was obtained from
Susan Levenstein M.D. by e-mail.

Results

Participants of the study

The participants’ socio-demographic characteristics were
shown in Table 1. As we can see, mean values and distri-
bution of overall PSQ index in three samples were, in
turn, 0.402 £ 0.133 (Sample A), 0.399 + 0.138 (Sample B),
0.466 + 0.168 (Sample C). Games-Howell tests (because
of Levene Statistic F =25.165, P <0.001) revealed that
the difference of between sample A and B was not statis-
tically significant, Mean Difference (I-]) =0.009, P =
0.781. More importantly, the differences were statisti-
cally significant in existing in between sample C and A,
Mean Difference (I-]) = 0.059, P < 0.001; as well as sam-
ple C and B, Mean Difference (I-]) =0.068, P < 0.001.
Mean values and distribution of male and female were
0.468 + 0.166 and 0.422 + 0.153, t = 5.422, P < 0.001.

Rasch analysis (item selection)

Item fit statistics: Item fit statistics showed that almost
all items fitted the Rasch model. No items were either
under fitting (MNSQ >1.4) or over fitting (MNSQ <
0.60) (Additional file 1, including Table 1la, b, ¢, d).
Local dependence (LD): Three item pairs presented
local dependency, i.e., displaying positive correlations of
their residuals > 0.30. Compared to the average item re-
sidual correlation of —0.033 in the thirty-item data set,
the correlations between items one and thirteen of
0.312, items thirteen and twenty-one of 0.349, items
twenty-six and twenty-seven were relatively large and
these three item pairs were the positive correlation. Dif-
ferential item functioning (DIF): In general, the items
did not show DIF apart from (Additional file 2, including
Table 2a, b, ¢, d): items 2, 7, 10, 22, 26, 27 (first round);
items 15, 24, 28 (second round); items 16 (third round).
Unidimensionality: The variance explained by RA
ranged from 57.5 to 50.3% and unexplained variance in
1st contrast ranged from 3.21 to 1.70 (Table 2). In the
first round, the instruction to delete these items is: 1, 7,
10, 13, 17, 21, 25, 29. Discrimination index: Item 11
did show low discrimination index (0.37, below 0.40) in
Table 1a. Finally, a total of seventeen items (i.e., item 1,
2, 7,10, 11, 13, 15, 16, 17, 21, 22, 24, 25, 26, 27, 28, 29)
should be removed. Then, the C-PSQ-13 was formed
gradually by these above criterias. Separation and Reli-
ability: Acceptable PSI (>2.00) and good PR (>0.80)
values were respectively presented in Table 2, suggesting
adequate separation ability for this instrument. Response
Jforms: No evidence of disordered thresholds was found
in the category probability curves for the C-PSQ-30 and
C-PSQ-13, as the category calibration increased in an
orderly way (demonstrated in Figs. 1 and 2), and
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Table 2 Rasch Analysis among Different Iltems for the C-PSQ

Page 8 of 17

DIF Discrimination Dimensionality Unexplained variance in 1st Total raw unexplained variance PSI PR
contrast (%)

PSQ-  2,7,10,22,26, 11 1,7,10,13,17, 21,25, 32109 575 345 092
30 27 29
PSQ- 15, 24, 28 NR Not 1.8736 50.9 285 089
17
PSQ- 16 NR Not 1.7727 509 252 086
14
PSQ-  NR NR Not 1.7043 50.3 242 085
13
Cut- <05 >04 Based on 1st contrast <2or<3 >50 > >
off 20 08

Abbreviation: DIF differential item functioning, PSI person separation index, PR person reliability, NR not required

If item dropped (in bold) in DIF, Discrimination, Dimensionality;

PSQ-30 retained all 30 items;

PSQ-17 removed item 1, 2, 7, 10, 11, 13, 17, 21, 22, 25, 26, 27, 29;

PSQ-14 removed item 1, 2, 7, 10, 11, 13, 15, 17, 21, 22, 24, 25, 26, 27, 28, 29;
PSQ-13 removed item 1, 2, 7, 10, 11, 13, 15, 16, 17, 21, 22, 24, 25, 26, 27, 28, 29

suggesting this rating scale functioned well for both
forms. Four response categories were found for all items,
indicating three thresholds for each item. Person-item
map: The person-item map given in Figs. 3 and 4 illus-
trated the relationship between item difficulty and per-
son ability. In the C-PSQ-30 and C-PSQ-13, item
difficulty had the same mean value = 0 logits, while per-
son ability correspondingly had a mean value = -0.43
logits and - 0.60 logits. Thus, the difference between the
item and the person means were 0.43 logits and 0.60

logits respectively; both are less than 1.0 logit indicates
targeting.

Factor analysis (construct validity)

Given sample size in factor analysis, at least 200 cases is
probably an appropriate threshold, whereas samples of
500 or more observations are strongly recommended
[95, 96]. Sampling adequacy for factor analysis was
tested separately for medical students (sample A and B)
and medical workers (sample C). In the C-PSQ-30,
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Fig. 1 Category probability curves for the Chinese PSQ-30. This figure displays the category probability curves for the questionnaire which
includes item 1 to 30, demonstrating ordered thresholds. The four curves from left to right represent 4 response categories (1 =almost never, 2 =
sometimes, 3 = often, and 4 = usually)
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Fig. 2 Category probability curves for the Chinese PSQ-13. This figure displays the category probability curves for the questionnaire which

includes 13 items, demonstrating ordered thresholds. The four curves from left to right represent 4 response categories (1 =almost never, 2 =
sometimes, 3 = often, and 4 = usually)
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1 F— S ——— Kaiser—Meyer—Olkin (KMQ) values were ‘0.9.51 (mgdmal
e[ CenpaS students) and 0.964 (medical workers); similarly, in the
6 .t C-PSQ-13, KMO values were 0.923 (medical students)
and 0.930 (medical workers), revealing marvelous level
of sampling adequacy which were well above the recom-
. mended threshold of 0.6 [97, 98]. All of Bartlett’s test of
5 ® sphericity were significant (P < 0.001), also denoting that
the items could be considered apt for factor analyses. In-
spection of eigenvalues, scree plot and item content and
interpretability suggested respectively four-factor solu-
tion (30 items, medical students), five-factor solution (30
items, medical workers), two-factor solution (13 items,
medical students) and two-factor solution (13 items,
medical workers). The cross-validation was tested by the
other sample set for the model.

In particular, the EFA of medical workers indicated
that there is only one item (i.e. item 23) on a factor. The
B CFA model of medical students could not fit, thereby

# switching to principal component analysis in EFA. Table 3
: f compared the four models that showed the fit statistics.

#

.

=

T+

A

4 Through cross-validation, our CFAs found that the
1 _gpmsEEsE 45 220 ab two-factor solution using medical students’ data to
## S| al2 derive a model and using medical workers’ data to
43 validate the derived model is the best fitting model.
it a3 This optimal model has two factors, namely factor I
0 . Binggasg M ald (item 4, 8, 9, 14, 18, 19, 23, 30) and factor II (item 3,
- RRRRRRARRRR al9 5, 6, 12, 20). The two factors is inconsistency with
3 M Zég that of the recently published literature [44], we
| HEHHHsHHEE a23 a8 a9 renamed these factors “constraint” and “imbalance”
-1 . #ERERRRARERR 45 respectively. The results of model fit are the same between
5 ; in second-order model and first-order model owing to its
ad two factors condition. Thereafter, we ran a series of CFA
. RRERRRRRR to test various factor structures reported in the literature,
RraRRERR ST including English/ Italian (source language) [22], Spanish
[40], German [23], Greek [38] and Swedish [37]. There
existed relatively clear and distinct factor solution in these
various versions and these were compared with our two-
factor solution, Chinese. Table 3 presented the fit indices
T for all models tested.
Next, results regarding measurement invariance of the
v, o C-PSQ-13 across subgroups (medical students and med-
ical workers) are presented in Table 4. The results of four
steps ranging from least to most rigorous suggested invari-
ance across subgroups: ATLI =0.002, 0.009, and 0.000 <
i . 0.01; ACFI=0.004, 0.014, and 0.006; ARMSEA =0.001,
0.004, and 0.000 < 0.015. In consideration of subgroups,
the C-PSQ-13 can be considered fully invariant (except
) for 0.014, as described above). In view of sample size
—6 + across gender and age is too unbalance, therefore we no

s less»>i<freq, " performed Multi-group CFA in these between groups.
EACH "#" IS 16: EACH ".” IS 1 TO 15

Fig. 4 Person-item map of the Chinese PSQ-13

Concurrent and convergent validity
The Chinese PSS-10, SF-8 and GADS would serve as a
criterion separately. The correlation matrix of these
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Table 3 CFA of factorial structure solution among different conditions for the PSQ

Factors  Items  CMIN DF P NC TL CFI WRMR  RMSEA [90% Cl]
Subgroups
Medical Workers 4 30 2665430 399 <0.001 6.680 0.934 0.940 1913 0.068 [0.066, 0.071]
Medicine Students® 5 30 3476.995 395 <0.001 8.803 0.903 0912 2324 0.070 [0.068, 0.073]
Medical Workers" 2 13 543.294 64 <0.001 8.489 0.957 0.965 1.637 0.078 [0.072, 0.084]
Medicine Students 2 13 607.965 64 <0.001 9499 0.950 0.959 1.792 0.073 [0.068, 0.079]
Languages
Chinese 1 13 1443451 65 <0.001 22207 0.940 0.950 2687 0.087 [0.083, 0.091]
Chinese 2 13 936.631 64 <0.001 14.635 0.961 0968  2.148 0.070 [0.066, 0.074]
English 7 30 11,042.264 384 <0.001 28.756 0.836 0.855 4027 0.100 [0.098, 0.101]
Spanish 6 30 9471.091 390 <0.001 24.285 0.862 0.877 3637 0.091 [0.090, 0.093]
German 4 20 5069.364 164 <0.001 30910 0.873 0.890 3.693 0.103 [0.101, 0.106]
Greek 5 30 8237623 395 <0.001 20.855 0.883 0.893 3.390 0.084 [0.083, 0.086]
Swedish 5 21 5737.159 179 <0.001 32.051 0.855 0.877 3.776 0.105 [0.103, 0.108]
Cutoff value N/A N/A N/A N/A >0.05 <2—<3 >0.90 >0.90 <10 <0.05 or 0.08

Note: CMIN chi-square; DF degrees of freedom; NC normed chi-square, CMIN/DF; TLI Tucker-Lewis index; CFI comparative fit index; WRMR weighted root mean
square residual; RMSEA root mean square error of approximation; N/A not applicable

*Best fitting model (in bold), ® CFA in Medical Students was used to test a model derived using EFA in Medical Workers, extraction method: Principal Component
Analysis; because of using the maximum likelihood method, there were 5 dimensions that can be obtained, one of which has only one item. Others extraction

method: Maximum Likelihood

The CFA of different languages used total sample (three samples, Using the data of sample A for the first time has to be merged into the total sample.); the
Swedish version (Rénnlund et al., 2015), the Greek version (Karatza et al., 2014) and the German version (Fliege et al.,, 2005), the Spanish version (Sanz-Carrillo

et al,, 2002), the English/original version (Levenstein et al., 1993)

instruments was depicted as follows (Table 5). The cor-
relation coefficient between subscales (scale) of the C-
PSQ-13 ranged from 0.640 to 0.947, indicating moderate
(0.5—-0.8) to high correlation. Most of correlation coeffi-
cients were above quality criteria (0.45) except for be-
tween GAS and imbalance (r=0.438) in these
instruments and its subscales. Especially concerning was
that all subscales and the C-PSQ-13 most highly corre-
lated with the Chinese PSS-10 in these criterions
whereas the Chinese GADS reflected the lowest correl-
ation with the C-PSQ-13 and its subscales. Coefficients
of correlation negative feelings with the C-PSQ-13 and
its subscales were higher than positive feelings with the
C-PSQ-13 and its subscales, MCS and PCS with similar
results. Additionally, the Chinese SF-8 and the C-PSQ-
13 and its subscales were negatively correlated. The re-
sults demonstrated that scores of other instruments

concurrent and convergent validity of the C-PSQ-13 and
its subscales was more satisfactory.

Reliability

Table 6 summarized the instrument distribution and the
reliability test results based on quality criteria. Of these,
adequate item-total score correlations ranges between
0.30 and 0.70, as described in CTT. All corrected item-
total correlations were in range (except for item 11, r =
0.319), reflecting satisfactory scale homogeneity. Note
that if item 11 dropped, Cronbach’s alpha and McDo-
nald’s omegas on the PSQ would be increased. Cron-
bach’s alpha of the Chinese both PSQ-13 and PSQ-30
were 0.878 and 0.935 respectively. Both McDonald’s
omegas and Guttman’s lambda-2 were the same result,
0.880 and 0.937 respectively. Split-half reliability coeffi-
cients were 0.852 and 0.919 individually. Additionally,

highly correlated with PSQ Index. On the whole, internal consistency reliability of subscales, using
Table 4 Measurement Invariance of the C-PSQ across Subgroups

Two-factor NC TLI CFl RMSEA e ADF  ATL ACFI ARMSEA
M1:Configural invariance 799.864/128 0.929 0.942 0.061 [0.057, 0.065]

M2:Metric invariance 855.073/141 0.931 0.938 0.060 [0.056, 0.064] 55.209 13 0.002 0.004 —-0.001
M3:Scalar invariance 1023.508/152 0922 0.924 0.064 [0.060, 0.068] 168435 11 -0009 -0014 0.004
M4:Strict invariance 1109.198/165 0922 0918 0.064 [0.060, 0.068] 85.690 13 0.000 —-0.006 0.000
Cutoff value <2—<3 >0.90 >0.90 <0.05 0r<0.08 N/A N/A <0.010 <0.005 or £0.010 <0015

Abbreviation: NC normed chi-square, CMIN/DF; TLI Tucker-Lewis index; CFl comparative fit index; RMSEA root mean square error of approximation; DF degrees of

freedom; A a change in (x?, DF, TLI, CFl, RMSEA); N/A not applicable
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Table 5 Concurrent Validity and Convergent Validity for the C-
PSQ-13 and Its Subscales Intercorrelations

PSQ-13 Constraint Imbalance
PSQ-13° 0.947 0.843
Constraint 0.640
Imbalance
PSS-10P 0.777 0.709 0.697
Positive feelings 0.533 0479 0476
Negative feelings 0.773 0.713 0.689
SF-8° -0.595 -0.571 -0.510
PCS -0.482 —0.466 -0414
MCS -0619 -0.592 —-0.534
GADS* 0584 0559 0492
GAS 0.534 0518 0438
GDS 0.542 0513 0.469
Note:

All Spearman correlations P < 0.001;

Recode reverse-coded items;

2, N=2798, Sample A (first time), B and C; b N=122, Sample A (by averaging
scores of test-retest); §, N = 1223, Sample C; ¢, N = 2676, Sample B and C;
PSS’s Guttman's lambda-2 (first time): Positive feelings = 0.710, Negative
feelings = 0.773, whole scale = 0.800; PSS’s Guttman’s lambda-2 (second time):
Positive feelings = 0.677, Negative feelings = 0.867, whole scale = 0.861; SF-8's
Guttman'’s lambda-2: PCS =0.815, MCS = 0.858, whole scale = 0.898; GADS's
Guttman'’s lambda-2: GAS = 0.780, GDS = 0.789, whole scale = 0.870

Cronbach’s alpha, Guttman’s lambda-2 and McDonald’s
omegas respectively, were 0.834, 0.835, 0.838 (constraint)
and 0.762, 0.765, 0.764 (imbalance). These indicators in-
dicated good internal consistency reliability on whole
scale and its subscales. Still have, for reproducibility over
time, the Spearman’s correlation between time points
and the ICCs for absolute agreement were 0.782 vs.
0.874, 0.805 vs. 0.899. Overall, the test—retest reliabilities
of both scales met the quality criterion. The standard er-
rors of measurement were 0.070 vs. 0.049 in the C-PSQ-
13 and C-PSQ-30, as well as with lower precision accur-
acy in the former.
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Discussion

The PSQ was developed in 1993 to examine people sub-
jective stress perception on different clinical or non-
clinical areas, including both physical and psychological
on quality of life. The results of a Rasch analysis and a
factor analysis were complementary, which helped pro-
vide a comprehensive perspective on the construct valid-
ity of the Chinese PSQ. The previous study validated the
measurement properties of the Chinese PSQ by CTT
only [44]. Admittedly short instruments (scales or ques-
tionnaires) improve assessment as they save response
time and effort, increase response rate, minimize burden,
and decrease fatigue effect. The development and valid-
ation was performed using Rasch analysis, a relatively
modern psychometric technique for developing and re-
fining rating instruments (i.e. scales and questionnaires)
with sound psychometric properties. Indeed, since both
multidimensionality and response dependency are ser-
ious threats of the metric characteristics of an assess-
ment and implies that responses to an item depend on
responses to other items or that the scale reflects more
than one latent trait, requiring support for unidimen-
sionality and local independence [99, 100]. Thus, IRT
methodology application is contingent on the extent to
which these assumption are met [61]. The results (first
round) of the Rasch model analysis revealed that the C-
PSQ-30 is not unidimensional, since the unexplained
variance in the first contrast (3.21) was greater than 2.0
in the PCA. Summary of previous study on the valid-
ation of the PSQ showed that this instrument may be
subjectively conceived as a seven-factor model [22], six-
factor model [40], five-factor model [37, 38], or four-
factor model [23]. Our current study indicated that three
pair items showed local dependency, six items (first
round) presented DIF and one item demonstrated low
discrimination index. According to the assumptions and
guidelines [61, 63], we finally performed four round

Table 6 Reliability of the Chinese between PSQ-13 and PSQ-30 (N = 2798)

Quiality criteria PSQ-13 PSQ-30
Mean + SD* N/A 0414 +0.158 0429+0.155
ltem-total correlation 0.30-0.70 0.453-0.688 0.319-0.698
Cronbach’s alpha () 0.70-0.95 0.878 0.935
Guttman’s lambda-2 (\,) >0.70 0.880 0937
McDonald's omegas (w) >0.70 0.830 0937
Split-half reliability coefficient >0.70 0.852 0919
Test-retest correlation (N = 122)b >0.70 0.782 [0.679, 0.853] 0.874 [0.800, 0.920]
Intraclass correlation coefficient (ICC) for absolute agreement (N = 122)° >0.75 or 0.70 0.805 [0.729, 0.861] 0.899 [0.858, 0.929]
Standard error of measurement® N/A 0.070 0.049

Note:
N/A not applicable;

@, The PSQ Index was used, SD = standard deviation; Sample A (N =122, first time) has to be merged into total sample (N =2798);
P, 95% Confidence Interval estimation of test-retest correlation used bootstrap, all Spearman correlation P < 0.001;

<, Standard error of measurement was calculated as SD x sqrt (1-1CC)



Meng et al. Health and Quality of Life Outcomes (2020) 18:70

validation until that are met. Of these, we removed 10
items by three rounds of DIF. It would not be more rea-
sonable to build an instrument that is not biased (with
items that do not present a Differential Item Function-
ing). Crucially, 13 items were retained in the Chinese
PSQ adaptation (Table 2). Rasch reliability indexes (PSI
and PR) confirmed their high values, which give us a
good degree of confidence in the consistency of both
person-ability and item-difficulty estimates. Our study
demonstrated an ordered threshold in the category
probability curves, which means that the response forms
were adequate, the item difficulty matched medical stu-
dents’ or medical workers’ (these respondents’) ability
levels. The items were well-targeted to the subjects, with
a mean difference of 0.43 and 0.60 logits in C-PSQ-30
and C-PSQ-13, respectively. This means that the diffi-
culty of the items on these questionnaires were appro-
priate for the ability of respondents.

The focus of the present study was to investigate a more
appropriate factorial structure of the C-PSQ, especially to
improve and promote this Chinese PSQ adaptation. The
analyses encompassed the EFA to extract factors, the CFA
to test model, and cross-validation of the model seen as
suitable in separate large-scale samples. Regarding explora-
tory factor analysis among medical students, two factors
were extracted from the C-PSQ-13. This model is the best
fitting model. Pertaining to WRMR, the smaller value, the
better fit (acceptable < 1, and good < 0.8 [101]), as Linda K.
Muthén noted in 2005, in some cases other fitting indices
were good, and the WRMR value is large, so we did not
focus on WRMR at that time. Notwithstanding PSQ Index
was originally proposed by the instrument developers and
counted to a perceived stress index across the PSQ items
[22], it is notable that the model established in this study is
to continue supporting a perceived stress factor, that re-
flects all first-order factors [37, 38], and confirms that on
utilization of PSQ Index do have a certain rationality and
feasibility. According to the results of current study and
previous studies, this Chinese version (C-PSQ-13), the
Swedish version [37] and the German version [23] belonged
to the reduced version, whereas the Greek version [38], the
Spanish version [40], the Thai version [41], the Norwegian
version [25] and the Arabic version [43] retained all 30
items, while its various versions still remained adaptation
on levels of items and factors. Upon closer inspection, the
structure of the questions in each subscale differed from
those of the original instrument. Indeed, these across stud-
ies that evaluated the factor structures have reported non-
unidimensional for the PSQ. Based on the Recent PSQ ra-
ther than the General PSQ form of the questionnaire could
possibly have affected the outcome in our study. These
conditions, cultural adaptation and translation quality as
well as sample properties, would be unable to ignore for in-
fluence on factor solution. Cross-cultural differences,
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perhaps not surprisingly, led to discuss some discrepancy
on factor structures of the PSQ.

Criterion validation consists of correlating the new in-
strument with well accepted measure of the same char-
acteristics, usually known as the criterion validity. Using
the Chinese PSS-10, SF-8 and GADS respectively as the
criterion, concurrent validation values of the C-PSQ-13
are above a reasonable threshold value (0.45) [72]. More
specifically, the correlation with the Chinese PSS is close
to 0.80 (high correlation 20.80), which revealed some as-
pect of the new tool with a widely accepted measure of
the same characteristics [67]. Predictive validity was
failed to assess on account of no follow-up.

A satisfactory level of reliability depends on how a
measure is being used. Three internal consistency reli-
ability methods of this reduced version are less than that
of the C-PSQ-30, but still display good reliability. Cron-
bach’s alpha values were higher than 0.70 for the C-
PSQ-13 and the C-PSQ-30 in the present study, like
across studies and then their alpha values held wave
nearby 0.90 [22, 23, 25, 36, 38—41]. The higher alpha
values in those studies may be owing to characteristics
of the samples. The more items would too have higher
Cronbach’s alpha values. Guttman’s lambda-2 values,
only reported in this study, still were greater than quality
control standard for the C-PSQ-13 and the C-PSQ-30.
McDonald’s omegas values are approximately equal to
Guttman’s lambda-2 values for the C-PSQ-13 and the
C-PSQ-30, respectively. Alpha is and remains to be the
best choice among all published reliability coefficients,
even though alpha should be replaced by better and
readily available methods [82, 102]. Hence, we decided to
report both alpha and lambda-2, as an indication of internal
consistency. Their samples of different studies, at any rate,
appeared to have experienced relatively intense stress and
thus may have responded to items more consistently. Al-
though internal consistency can be higher in the present
study, on most occasions, additional evaluations such as
item-total correlations or split-half reliability coefficients
were suggested to confirm the internal consistency of the
C-PSQ-13.

With regard to reproducibility, the aim was to assess re-
liability and agreement, through repeated measurements
in stable respondents (test—retest) provide similar answers.
Notably, test—retest Spearman correlations of the adapta-
tion and the Chinese PSQ are apparently greater than
quality criteria. Relatively, these values (0.782 and 0.874)
are more than the results at one-week intervals in the
former research [44]. Test—retest Spearman correlation of
the C-PSQ-13 is less than the original study at 8 days, the
Spanish study at 13 days, the Greek study at one month,
whereas the result of the Chinese PSQ is more than that
of three studies [22, 38, 40]. These results proved that the
instrument has an appropriate level of both stability and
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responsiveness to change over time. Although test—retest
reliability are commonly measured with Spearman correl-
ation, it is better to use the intraclass correlation based on
a two-way repeated measures analysis of variance looking
at absolute agreement, since this is sensitive to any bias
between or among times [67]. ICCs of this adaption and
the C-PSQ were above 0.75 and close to 0.90 respectively,
indicating good and excellent reliability [84]. The score re-
producibility over time of the adaption (r; =0.782, ICC =
0.805) was less than that of the C-PSQ (r, = 0.874, ICC =
0.899) in 122 participants in this study. In brief, the rela-
tively high internal consistency (alpha, lambda-2, omegas)
and reproducibility (test-retest correlations, ICCs) values
disclosed strong reliability.

In summary, the results of the present study validated
the metric characteristics of the revised PSQ, the Simpli-
fication of the PSQ-13, which was adapted from the ori-
ginal PSQ-30. Through examination of a series of
results, the C-PSQ-13 obtains good and stable psycho-
metric properties for most indicators and still remains
confirmed in current study. To date, no known studies
have examined measurement properties of the PSQ
using IRT, in combination with CTT. However, this
study has several limitations. First, all voluntary samples
originated from the medic field, possibly resulting in in-
sufficient sample representativeness and the lack of ex-
ternal validity in our work. In other words, it could limit
its generalizability. Second, the study focuses on the fit
of Rasch model, item section, construct validity, internal
consistency and test—retest reliability. Other forms valid-
ity (predictive, content) is needed to more fully support
metric characteristics of the instrument. While the
values of ICCs in the testing of test—retest reliability
were greater than 0.75, securing reliability, the sample
size of 122 (only sample A) respondents apparently was
a little small. Third, we cannot exclude that some char-
acteristics (such as cross-cultural and language differ-
ences, translation quality, sampling attributes, testing
situations, forms of instrument [the Recent or General
PSQ] and other subjective and objective factors [37,
103]) influenced our results. Lastly, most of the data
were cross-sectional, thereby limiting the capability of
drawing causal inferences. As such, further research
should replicate these findings with other populations by
adequate follow-up data and/or multi-center studies
concerning stress perception.

Conclusion

Taken together, the C-PSQ-13 attained to a valid, reli-
able, cost and time-effective measuring tool that enables
us to evaluate perceived stress both in respect to re-
search studies and clinical settings. It measures two di-
mensions including constraint and imbalance. The best
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model is to continue supporting a perceived stress factor
and to validate measurement invariance across sub-
groups, confirming that on utilization of PSQ Index do
have a certain rationality and feasibility.

Results contribute to the emerging empirical compari-
son across studies and/or subgroups concerning the fac-
torial structure of the PSQ. Various studies can be
compared with the reference values at hand, such as
PSQ Index and different solutions on factor structure
from the original. Admittedly, the various language ver-
sions of the PSQ, including the original PSQ’s structure,
were not replicable. Nevertheless, our revision of the
PSQ’s structure proved relative stability in Chinese lan-
guage and culture. In consideration of this advantage
and respondent burden, the C-PSQ-13 is preferable, as a
potentially valuable instrument.
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