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Abstract

Background: Perceived stress reflects a person’s feeling of how much stress the individual is under at a given time.
The Perceived Stress Scale (PSS) is a popular instrument measuring the extent to which individuals perceive
situations in their life as excessive relative to the ability to cope. Based on a literature review, however, several
issues related to the scale remain: (a) the dimensionality is not established, (b) little information about the individual
items exists, and (c) much research is based on university student samples. To address these, this study evaluated
the psychometric properties of the Korean version of the Perceived Stress Scale (KPSS) using a military sample.

Methods: This study was conducted in South Korea with 373 military personnel, aged 19–30 years. Both classical
test theory (CTT) and the Rasch rating scale model were used to examine the psychometric properties of the KPSS,
including factor structure, concurrent validity, reliability, and item analyses.

Results: Internal consistency reliability for the overall and negative/positive perception subscales was.85, .85 and
.86, respectively. Based on Rasch reliability, person and item reliability were .82 and .98, respectively. Person and
item separation were 2.13 and 7.19, respectively. Concurrent validity was established, with significantly positive
association with the measures of depression and negative association with the measure of life satisfaction. Findings
from the CFA suggested that a bifactor model with two group factors was the best fit to the observed data. The
RSM showed that all but one item had acceptable infit and outfit statistics, and item difficulty ranged from −.73 to
1.22. Besides, the RSM showed positive and moderate inter-item correlations ranging from .42 to .75.

Conclusions: The results provided evidence that a 10-item Korean version of the Perceived Stress Scale was a
reliable and valid scale to measure perceived stress in military samples.
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Backgrounds
The Perceived Stress Scale (PSS) is a self-report instru-
ment for measuring the extent to which persons perceive
situations in their life as excessively stressful relative to
their ability to cope [1]. The PSS was designed for measur-
ing individuals with at least a junior high school education
level. It incorporates the theoretical perspective that
varying levels of perceived stress can affect the actual
experience of stressful events into a widely applicable
instrument [1]. Perceived stress has also been linked with

coping and perceived ability to cope with stressful events,
such that levels of perceived stress are measured relative
to a subject’s judgment of own coping ability [1]. Due to
its widespread use and discussion in the literature, PSS
continues to be utilized and tested for the psychometric
properties and validity. The scale allows respondents in
secondary school and above to indicate levels of perceived
stress as a result of its simple questionnaire format and
short, direct questions [2]. The validity and psychometric
properties of the Korean version of PSS were examined in
the case of military personnel in South Korea.
The PSS was developed to measure global perceived

stress experienced outside the bounds of a specific life
event and focused on the cognitive appraisal process that
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includes the appraisal of the stressor and individual’s
perceived coping ability [1]. The original PSS included a
set of 14 items, consisting of (a) seven items with nega-
tive perception of uncontrollability, unpredictability, and
inability to cope, and (b) seven items with positive per-
ception of capability to handle stress successfully [1].
This was reduced to 10 items after four were found to
exhibit low factor loadings [3]. The PSS has achieved
wide acceptance and has been administered to a wide
range of study participants. More than 30 language
versions of the PSS have been translated and adapted,
including Spanish, Portuguese, Mexican Spanish, Chile
Spanish, Danish, Norwegian, Swedish, Hebrew, Greek,
Italian, German, Moroccan, Bulgarian, Hungarian, Ser-
bian, Korean, Japanese, Mandarin, Taiwanese Mandarin,
Thai, Bengali, Malayalam, Tamil, Sinhala, Polish,
Lithuanian, Turkish, Russian, Urdu, Arabic, and Finnish
[4], and validated on diverse samples, including, for ex-
ample, university students [1, 5, 6], the general population
[3, 7], survivors of suicide [8], adults that participated in a
community smoking-cessation program [1], adults with
asthma [9], cardiac patients [10, 11], women with breast
cancer [12], pregnant and postpartum women [13],
teachers [14, 15], workers [14, 16], policewomen [17], and
depressed outpatients [18].

Much attention has been given to the dimensionality
of the PSS. For example, although factor analyses in a
study [3] proposed the two-factor model as best fitting
the factor structure of the original 14-item PSS and PSS
with 10 items, they argued that the distinction between
the two factors was irrelevant for purposes of measuring
stress. Several following studies have revealed that a
two-factor structure ([19, 20]; see [21]) was more accept-
able than a one-factor structure for PSS 14 and 10. One
study, supported by confirmatory factor analysis (CFA),
demonstrated that a second-order factor model was
acceptable as an alternative way to use the total score of
the two-factor PSS, where “stress” and “counter-stress”
are lower-order factors and “perceived stress” is the
higher-order factor [12]. The two-factor and second-
order factor models do not contain an underlying single
construct for stress that explains responses to each of
the observed indicators. Recently, a few studies have
proposed a bifactor model that addresses these limita-
tions of traditional models used to evaluate the structure
of multidimensional constructs [22–25]. As shown in
Fig. 1, the bifactor model is different from a second-
order model in that subgroup factors are not only in-
cluded by a general factor underlying all item variables
but are also uncorrelated and unique [26].

Fig. 1 The bifactor model with a general stress factor and two group factors
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Even though the PSS has been widely used, there is
relatively little in the extant literature about the PSS’s
psychometric properties [20], nor about the use of the
PSS for a Korean population. To our knowledge, only a
few studies translated the original PSS into Korean and
evaluated its psychometric properties [27–29]. For ex-
ample, Park and Seo [29] translated the original 14-item
PSS into Korean and evaluated the psychometric proper-
ties of the Korean version of PSS (KPSS) with Korean
college student samples through both exploratory factor
analysis (EFA) and CFA. Their findings revealed that the
two-factor structure best fit the data belonging to both
positive and negative perception of stress subscales. In
addition, as evidence of concurrent validity, negative var-
iables, including depression, anxiety, and negative affect,
were positively related to the negative perception factor
in the subscales, while the positive perception factor was
associated with positive affect.
The PSS measures general stress and is relatively inde-

pendent of content that is specific to any particular
population [1]. Indeed, the PSS has been empirically val-
idated with various populations as described above, but
most studies used college students or workers (e.g.,
professionals and teachers; [21]). Therefore, it is still ne-
cessary to validate the PSS with more diverse popula-
tions and in various cultures [21]. For example, although
several empirical studies revealed that many soldiers are
exposed to stress that impacts on mental health condi-
tions [30, 31], no instruments assessing soldiers’ stress
levels have been validated in this population. As far as
we know, the current study is the first validation study
on the PSS for military personnel, in any language.
Specifically, South Korean soldiers were and are facing
mental and physical health problems, considering the
situation in South Korea, where South and North Korea
are confronting each other as a divided country, and
where the situation changes frequently depending on the
interests of the neighboring powers. In addition, given
the rigid military culture, soldiers experience difficulties,
such as conflicts between ranks, work-related conflicts,
and an oppressed group life [30]. Therefore, the Korean
military population should be considered distinct from
the population of Korean college students who experience
stress related to future career plans, intense academic
workload and achievement, interpersonal relationships,
finance, and personal appearance [32].
The goal of the present study was to examine the psy-

chometric properties of a Korean version of the PSS with
10 items (KPSS10) when administered in a military set-
ting, with a specific interest in the dimensionality of the
scale. Using classical test theory (CTT) and factor
analysis, we evaluated the factor structure of the scale.
To further examine dimensionality, we fit the rating
scale model (RSM), a polytomous extension of the Rasch

model, to the KPSS10. The Rasch analysis allowed an
examination of the performance of individual items on
the KPSS10, for which there is little documentation.
Then, internal consistency for the items was investigated
by both CTT and Rasch reliability statistics. Finally, the
concurrent validity of the KPSS10 was examined by
comparing scores with those from measures of emo-
tional distress (i.e., depression) and subjective well-being
(i.e., life satisfaction).

Methods
Participants
At a South Korean military institution, 375 air force sol-
diers in South Korea, ranging in age from 19 to 30, com-
pleted a survey. All participants were male, and the
mean length of military service was 17.24 months (SD =
4.17). Regarding the highest level of educational, of the
respondents, 5.9% were high school graduates, 84.5%
college students, 7.2% college graduates, and 1.9% had
attended or completed graduate school. Consent forms
and a research description were sent to the air force.
After they consented to participate, they completed a
paper version of the survey; the survey took approxi-
mately 10 min to complete. All but two of the 375
participants who provided complete responses on the
KPSS were included in our analyses. Two participants
with more than fifteen missing values in responses to all
instruments in this survey were excluded from these
analyses, yielding a sample size of 373.
In this data set, there were 4 missing values across 10

items and 373 survey respondents, yielding a very low
percentage (0.1%) for missing values. Although the
Little’s missing completely at random test was signifi-
cant, it was considered a missing at random pattern
based on a visual inspection that showed there are no
clusters of missing values. The 4 missing data were
imputed using the Expectation-Maximization (EM)
algorithm in SPSS Version 24 [33].
The first author conducted the mental health project

for Korean military soldiers with a research team; he
then obtained the data from a military counselor of the
Republic of Korean Air Force (ROKAF) 10th Wing. The
current analysis and publication of the data were
approved by the ROKAF 10th Wing’s security review.

Measures
Perceived stress scale
The Perceived Stress Scale (PSS; [1]) is a self-report
measure consisting of 14 items purported to measure
“how unpredictable, uncontrollable, and overloaded
respondents find their lives” during the past month [3].
The original version consists of seven negatively stated
items and seven positively stated items [1]. Two shortened
forms of the PSS 14 were also subsequently developed and
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validated [3] —the PSS 10 (six negative items and four
positive items) and the PSS 4 (two negative items and two
positive items). Lee’s review [21] found that the psycho-
metric properties of the PSS 10 were more effective in
measuring the perceived stress than those of the PSS 14
and 4 items.
The Korean version translated and evaluated by Park

and Seo [29] is made up of five negatively stated items
(i.e., 1, 2, 3, 11, and 14 in the original PSS 14) and five
positively stated items (i.e., 4, 5, 6, 7, and 10 in the
original version) depending on factor loadings over 0.5
among the full 14 items. Participants indicate their re-
sponse to the KPSS using a 5-point Likert-type scale
ranging from 0 (never) to 4 (very often). To produce the
total score, the five positively stated items in question-
naires were reversed, thus, higher scores indicate higher
perceived stress. For the current items used in the study
see the Additional file 1. Park and Seo [29] found that a
two-factor solution, with positive and negative percep-
tion as the subfactors, was supported (α = .74 for positive
perception and .77 for negative perception). Concurrent
validity was established by moderate correlations with
depression, anxiety, negative affect, and positive affect.

Center for epidemiologic studies depression scale
There is a growing body of evidence identifying the
stress-depression connection (see [21]). To establish
concurrent validity, a comparison was made with the
CES-D, a self-report scale designed to measure the
current level of depressive symptoms for general popula-
tion [34]. The scale consists of 20 items using a 4-point
scale ranging from 0 (Rarely or none of the time, less
than 1 day) to 3 (Most or all of the time, 5–7 days). For
example, item 1 is “I was bothered by things that usually
don’t bother me.” The CES-D has four subfactors:
depressive affect, positive affect, somatic symptoms, and
interpersonal difficulties [34]. We used the Korean
version of the CES-D translated and validated by Chon,
Choi, and Yang [35], which demonstrated the same fac-
tor structure with the original CES-D and high internal
consistency (α = .91). The internal consistency reliability
estimate in the present study was .90.

Satisfaction with life scale
As previous literature suggested that perceived stress
was predictive of low levels of life satisfaction [36], the
Satisfaction with Life Scale (SWLS; [37]) was also
administered to assess concurrent validity. The SWLS
was designed to assess cognitive judgments of life satis-
faction using a short instrument with only five items.
The responses to each item (e.g., “So far I have gotten
the important things I want in life”) range from 1
(strongly disagree) to 7 (strongly agree), where higher
scores indicate higher levels of life satisfaction. We used

the Korean version of the SWLS, which has been trans-
lated and evaluated for psychometric properties in a
Korean population [38]. In Kim’s study [38], the
Cronbach’s alpha was .84, and the current sample yielded
the alpha coefficients of .86.

Data analysis
Both CTT and Rasch RSM were used to evaluate the
psychometric properties of the KPSS10, including factor
structure, concurrent validity, reliability, and item
analyses. Reliability of the KPSS10 was reported in two
ways using Cronbach’s alpha and item-total correlation.
In general, a Cronbach’s alpha value of 0.70 is recom-
mended as a minimum acceptable criterion for internal
consistency [39]. Furthermore, Rasch-based person and
item reliability and separation were reported. The person
reliability index refers to the expected replicability of
person placement if this sample was given other items
measuring the same construct, while the item reliability
index indicates the replicability of item placements
resulting from other samples who behaved in the same
way [40]. Both reliability indices range from 0 to 1, with
values greater than .90 for items and .80 for persons
being regarded as acceptable [40]. The separation index
indicates an estimate of the spread or separation of
items or persons along the measured variable, with ad-
equate separation in persons or items values of at least
2.0 regarded as acceptable [40]. Concurrent validity was
investigated by evaluating the correlational relationship
with measures of negative emotion (e.g., depression),
using the CES-D and subjective well-being (e.g., satisfac-
tion with life), using the SWLS. We expected the
KPSS10 to correlate positively with the CES-D and to
correlate negatively with the SWLS.
We used CFA to examine the dimensionality of the

KPSS10. Based on the factor structures reported in the
PSS literature, four different factor configurations of the
KPSS10 were extracted: (a) a single-factor unidimen-
sional model that all 10 items are assumed to measure a
single stress factor [8], (b) a two-factor model with two
covariate factors [19–21, 27, 29], (c) a bifactor model
with a general stress factor and a nuisance factor con-
sisting of the five reversed items [23], and (d) a bifactor
model with a general stress factor accounting for the
commonality shared by the items and two subfactors
reflecting the unique variance not accounted for by the
general stress factor, as seen in Fig. 1 [22, 24, 25]. The
bifactor model allowed us to test whether the KPSS10
was a general measure of perceived stress with another
specific underlying dimension.
To examine the adequacy of model-fit, we reported

the comparative fit index (CFI) representing incremental
fit, standardized root-mean-square residual (SRMR) for
absolute fit, and root-mean-square error of approximation
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(RMSEA) identifying parsimonious fit. In our data,
Mardia’s multivariate kurtosis coefficient of 17.40 indi-
cated the absence of multivariate normality [41]. Given
this result and the ordinal nature (a five-point Likert-type
scale) of the KPSS, robust maximum likelihood estimation
was used in the CFA analyses in EQS 6.1 [42], instead of
using maximum likelihood estimator.
Next, as an indicator of unidimensionality used in a

bifactor model, we computed the explained common
variance (ECV) that is a ratio of common variance
attributable to the general factor (ECV; [43]). High ECV
values indicate data that have a strong general factor
compared to other specific group factors; when values
are greater than .70, the common variance can be con-
sidered as unidimensional [43].
To further explore dimensionality and assess the

relative location of items and respondents, we used
WINSTEPS version 4.01 [44] to fit the rating scale
model (RSM; [40, 45]) to our data, while accounting for
the dimensionality as found in the factor analyses. Con-
trary to CTT, Rasch analyses enable researchers to
analyze the properties of items, such as item difficulty
and item discrimination. The RSM is an extension of the
Rasch model for polytomous data [45, 46]. The RSM es-
timates the location of the respondents and the KPSS10
items on the same scale, in this case, the scale of per-
ceived stress. The RSM manipulates only one set of
threshold parameters of across all items on the scale, in-
dicating a common rating scale structure for all items
[40]. For each item, the overall location of the item is es-
timated, along with the location of the thresholds, that is
the location on the scale where the likelihood of a re-
sponse in a particular category changes. In other words,
the scale is divided into sections based on the most likely
response. Therefore, the RSM is suitable when one
expects that psychological distances between categories
are the same across all items [47].
However, to conduct the Rasch analysis, we had two

choices: the RSM and the partial credit model (PCM).
While the PCM allows for the item response categories
to differ across items, in the case of Likert-type items a
strong case needs to be made to use the PCM over the
RSM [48]. Theoretically, we would argue that because
respondents were presented with the same response
options across all items, the set of responses should be
treated the same across all items. However, because it is
possible that there was an interaction between the re-
spondents and the items leading to a discrepant use of
response categories across items, we initially fit both the
RSM and PCM. The ordering and spacing of the thresh-
olds remained roughly the same across all items in both
the PCM and the RSM, indicating that the data would
support the selection of the RSM. We next compared
the person and item reliability index obtained from the

two models. The person reliability is .85 for the PCM
and .82 for the RSM, and the item reliability is .98 for
both PCM and RSM. Given the similarity of threshold
spacing, fit indices, and the theoretical argument that
the set of response categories is the same across items,
we decided to fit the more parsimonious RSM, rather
than the PCM.
Finally, after fitting the RSM we used WINSTEPS to

conduct a principal components analysis of the stan-
dardized residuals [49]. If the underlying factor fit by the
RSM accounts for most of the variance in the original
data, then it is expected that the resulting components
of residuals will represent noise. The results of the
analysis can be used to separate items into groups to de-
termine if some of the unaccounted variance (variance
not accounted for in the RSM) can be explained by an
additional factor or factors.

Results
Reliability
As shown in Table 1, Cronbach’s alpha coefficients indi-
cated good internal consistency for the overall KPSS10
(α = .85), for the negative perception subscale (α = .85),
and for the positive perception subscale (α = .86) [40].
Cronbach’s alpha if item deleted for all ten items ranged
from .83 to .87. Item 5 was the only item that would
yield a slightly higher alpha if removed. Item-total corre-
lations for individual items and each factor were also in-
vestigated, and ranged from .45 to .75, showing over the
generally adopted cutoff criteria (>.40; [50]). Therefore,
all items appeared worthy of retention. These two types
of statistics on internal consistency reliability indicate
that the KPSS10 contains items that are particularly
intercorrelated. Regarding the results from Rasch-based
reliability, both person and item reliability indices were
acceptable: .82 and .98, respectively. In addition, results
pertaining to person and item separation were 2.13 and
7.16, respectively. In general, these reliability results in-
dicate good separation in the KPSS10 for both persons
and items [40].

Table 1 Descriptive Statistics and Correlations of Measures

Measure 1 2 3 4 5 M SD α

1. KPSS Total 1 2.27 .57 .85

2. KPSS Negative perception .84 1 2.16 .71 .85

3. KPSS Positive perception .81 .36 1 2.38 .66 .86

4. CES-D .62 .56 .45 1 .52 .41 .90

5. Life Satisfaction −.49 −.42 −.38 −.47 1 4.27 1.19 .86

Note. N = 373. All correlation coefficients are significant at p < .01; KPSS =
Korean version of the Perceived Stress Scale with 10 items; KPSS negative
perception indicates the negatively worded items, and KPSS positive
perception means the positively worded items; The KPSS positive items
were reverse-coded
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Concurrent validity
As expected, we found statistically significant positive
associations between the KPSS total scores and two sub-
scale scores and depression: CES-D (r = .61, .56, and 44,
respectively, p < .01), as well as a negative association
with life satisfaction: SWLS (r = −.48, −.42, and − .37,
respectively, p < .01). All correlation coefficients ranged
between .37 and .61, which are considered to be medium
or strong correlations [51]. In sum, these correlations
provide evidence of concurrent validity for the KPSS10
(see Table 1).

Confirmatory factor analysis (CFA)
Results from the CFA supported a bifactor model for the
KPSS10. Fit indices mentioned above for the factor
structure including one-factor, two-factor, and bifactor
models are provided in Table 2.
The initial one-factor CFA model had poor model fit

using Hu and Bentler’s joint criteria [52]. Although the
two-factor model yielded an acceptable fit to the data,
the bifactor model (A) with the general stress factor and
one nuisance factor demonstrated better fit as compared
to the two-factor model, ΔS-B χ2 (4) = 35.416, p < .001.
All factor loadings were significant for the general and
the nuisance factor except for item 5. Considering this,
we tried to conduct the second bifactor model (B) in
which all 10 items load onto the general stress factor as
well as on the two group factors. The bifactor model (B)
yielded better fit, S-B χ2 (25) = 52.051, p < .001, CFI =
.979, SRMR = .039, RMSEA = .054 [.033, .074], and
shown a significant improvement in fit indices, as com-
pared to the first bifactor model (A), ΔS-B χ2 (5) =
30.418, p < .001. In contrast to the bifactor model (A), all
factor loadings were significant for the general and the
two group factors (all ps < .001), as shown in Fig. 1. Our
findings supported the bifactor model with the general
stress factor and the two group factors labeled as
“negative perception and positive perception” as the best
fitting model.
The ECV in our supported model was .45, indicating

that the general stress factor accounted for almost half
the common variance. Because the bifactor model (B)
yielded the best fit and the two group factors related to

the positive or negative wording of the item, we con-
ducted Rasch analyses focusing on the KPSS10 as a
whole in a confirmatory manner, rather than on the two
subscales. The two group factors could be considered as
superficial and not meaningful [3] because they repre-
sented the direction of the wording of the items rather
than the content of the item; in addition, most research
and clinical contexts generally use a single summed PSS
score. Reckase [53] argued that item estimates are de-
fensible when the first component of principal compo-
nents analysis accounts for at least 20% of the variance;
in our data the first component accounted for 44% of
the variance. To further confirm that a Rasch analysis on
all ten items at once was appropriate, we compared the
relative item positions and person estimates from an
RSM analysis of all ten items with those from analyses
of the positive and negative items separately. The person
estimates from an RSM analysis with only the positive
items correlated .92 with the person estimates based on
all ten items, while the estimates based on the negative
items correlated .73 with the estimates based on all ten
items. The relative positioning of the items when cali-
brated separately as positive and negative items were the
same as when all ten items were calibrated simultan-
eously. These results, coupled with the fact that the first
eigenvalue accounts for 44% of the variance, well over
the minimum recommended of 20%, indicated that a
single RSM analysis of all ten items was appropriate to
generate item and person estimates.

Rasch rating scale model
The RSM was fit to the data to evaluate item perform-
ance of the KPSS10 with the military sample of respon-
dents based on item difficulty, separation index, item
misfit detection, item discrimination, and Pearson point
measure correlation (PTMEA). The results are provided
in Table 3. Ten items are arranged in item difficulty
values, from most difficult item to respond to at the top
(item 3), to the least difficult item to respond to at the
bottom (item 5). For instance, the item 3 “Cannot
overcome pilling up difficulties” was more difficult to
endorse, referring to higher stress severity, whereas item
5 “Dealing successfully with day-to-day problems and
annoyances” was the most likely to obtain a response of
“never,” meaning lower stress severity. In addition, the
item separation index of 7.19 is also a good separation
in the KPSS items and indicates that these items define
adequately a distinct hierarchy of item difficulty [54].
Next, item misfit was evaluated using the following

Rasch fit indicators. Mean-square fit statistics (MNSQ)
were examined; specifically, infit (weighted mean square)
and outfit (unweighted mean square) determine how
well each item contributes to defining one common con-
struct. In the case of a Likert scale, the expected MNSQ

Table 2 Confirmatory Factor Analyses of the KPSS

Model S-B χ2 df CFI SRMR RMSEA [90% CI]

One-factor model 480.914 35 .649 .157 .185 [.170, .200]

Two-factor model 117.885 34 .934 .063 .081 [.065, .097]

Bifactor model (A) 82.469 30 .959 .033 .069 [.051, .086]

Bifactor model (B) 52.051 25 .979 .039 .054 [.033, .074]

Note. CFI Comparative fit index, SRMR standardized root-mean-square residual,
RMSEA room-mean-square error of approximation, CI confidence interval; the
bifactor model (A) includes a general stress factor and a nuisance factor, while
the bifactor model (B) consists of a general stress factor and two group factors
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value is 1.0, infit and outfit values from 0.6 to 1.4 are
within acceptable bounds for Likert scale measurements,
indicating construct homogeneity with other items in a
scale [47, 55]. MNSQ values greater than 1.4 may indi-
cate a lack of construct homogeneity with other items in
a scale, while values less than 0.6 may indicate item
redundancy [47, 55]. As shown in the Table 3, all items
of the KPSS10 had acceptable infit and outfit statistics
between 0.60 and 1.40, except for only one item (item 5)
revealing both infit and outfit statistics larger than 1.4.
Moreover, most items on the KPSS10 had positive,
moderate, inter-item correlations ranging from .42 to
.75, indicating that all items on the KPSS10 function as
intended (see the PTMEA in Table 3; [54]). Although
Rasch models are assumed that all item discrimina-
tions are regarded as equal, empirical item discrimi-
nations are never equal so that WINSTEPS produces

item discrimination estimates post-hoc [54]. The estimates
of the item discrimination distributed all around from .40
(item 5) to 1.38 (item 8), including five under-discriminat-
ing items and five over-discriminating items shown in
Table 3. Finally, the Probability Curves revealed that the
5-point Likert-type scale in the KPSS10 were ordered as
expected, indicating that the differentiation of each cat-
egory along the attribute measurement was verified (see
Fig. 2).
Finally, the principal components analysis of the

standardized residuals revealed that of the unexplained
variance 35% was attributable to the first component, in-
dicating that the component is accounting for more than
just noise. In fact, the first component separated the 10
items into two distinct groups: the five items with posi-
tive wording and the five items with negative wording.
The remaining components accounted for roughly equal

Table 3 Rasch Rating Scale Model (RSM) Analyses

KPSS Item Difficulty Estimated
Discrimination

Infit
MNSQ

Outfit
MNSQ

PTMEA

Item 3 (14) Cannot overcome mounting difficulties 1.22 1.23 0.82 0.80 0.66

Item 1 (2) Unable to control the important things 1.03 .93 1.10 1.14 0.60

Item 6 (5) Effectively cope with important changes in your life 0.02 1.21 0.82 0.81 0.66

Item 7 (6) Confident about your ability to handle your problems 0.02 1.18 0.84 0.83 0.68

Item 9 (10) Feel that you are on top of things −0.17 1.33 0.70 0.69 0.70

Item 4 (1) Upset because of something that happened unexpectedly −0.23 .79 1.21 1.22 0.64

Item 2 (3) Feel nervous or stressed −0.24 .84 1.16 1.14 0.68

Item 8 (7) Feel that things are going your way −0.45 1.38 0.63 0.64 0.75

Item 10 (11) Feel angry because of things that happened that are outside of your control −0.48 .82 1.15 1.17 0.59

Item 5 (4) Deal successfully with day-to-day problems and annoyances −0.73 .40 1.58 1.66 0.42

Note. KPSS10 is Korean version of the Perceived Stress Scale 10 items; numbers in parentheses refer to the original number of the PSS-14 [1]; difficulty means
perceived stress severity level; infit/outfit statistics in bold are larger than 1.4 and indicate misfit; PTMEA = the point-measure correlation

Fig. 2 The relative category probability curves for items of the KPSS10
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variance, indicating no additional conceptual dimensions
to the data.

Appropriateness of item difficulty for military samples
Because the Rasch model estimates person and item lo-
cations on the same scale, we can investigate whether
the item difficulty level of the KPSS10 is appropriate for
the current sample. If the KPSS-10 was appropriately
targeted for the level of the sample being tested, there
should be considerable overlap between the range of the
person trait measures and the total test information
curve and some of the item category probability curves.
As shown in Fig. 3, the test information curve and the
items, depicted by each item’s individual category prob-
ability curves, were aligned with most of the current
sample’s locations along the stress scale (M = − 1.45,
SD = 1.46, minimum = − 6.60, maximum = 2.99). The one
exception is for the few people with the lowest estimate
of stress, − 6.60, where the items were not targeted to
the low end of the stress scale. This means the KPSS10
items could measure a more severe level of perceived
stress than was needed for this nonclinical sample of
South Korean soldiers, but still more than adequately
targeted almost the entire sample.

Discussion
In this study, we investigated the psychometric proper-
ties of the Korean version of the Perceived Stress Scales
in a sample of military personnel in South Korea, using
the KPSS 10 items translated and validated by Park and
Seo [29]. Overall, both CTT analyses and Rasch model-
ing provided evidence that the KPSS10 is a reliable and

valid instrument measuring perceived stress within
military samples in South Korea.
The CFA analyses to compare four competing models’

goodness-of-fit demonstrated that a bifactor model with
a general stress factor and two group factors was the
best fit to our data. Regarding two group factors, our
model was more consistent with the bifactor model
supported by previous studies [22, 25], rather than
Perera et al.’s [23] model with only one nuisance factor
consisting of four negatively worded items. In addition
to the general stress factor reflecting the overlap across
all items, two group factors in our findings indicate that
the five negatively worded items of the KPSS10 were
loaded onto the negative perception factor and the posi-
tively worded remaining five items were loaded onto the
positive perception factor. It is worthy of note that when
all the items’ loadings on the general factor will be
stronger than those on the group factors, a bifactor
structure could be viewed as mostly unidimensional.
This underlying hypothesis was not supported by factor
loadings in our bifactor model; items loaded more
strongly on the group factors than on the general stress
factor. The principal components analysis on the resid-
uals from the RSM analysis demonstrated the same
underlying factor structure as the CFA: one general
stress factor with the unexplained variance dividing the
items into the positive and negatively worded items.
Regarding the reliability, the overall and two subscales’

Cronbach’s alpha coefficients (.85, .85, and .86, respect-
ively) indicate that the KPSS10 had a good internal
consistency reliability for the Korean military sample.
Our findings were higher than those observed in the

Fig. 3 Items’ category probability curves and the total test information curve
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original study [3]. Concurrent validity of the full and the
subscales of the KPSS was established, with significantly
positive associations with the measures of depression
and negative association with the measure of life
satisfaction. In other words, high KPSS10 scores were
correlated with reports of increased depression and dis-
satisfaction. These findings were consistent with the
prior findings showing significant correlations with
measures of distress and subjective well-being constructs
[3, 22, 56]. Contrary to the earlier findings, however, the
two subscales correlated positively with each other. This
finding was consistent with the validation study based
on Korean college students [29].
To our knowledge, this is the first study to use the

Rasch RSM to investigate the PSS. Our findings were in-
dicated by the adequate MNSQ fit of almost items,
evenly separated item difficulty, acceptable discrimin-
ation, and fairly strong positive PTMEA correlations.
According to the results showing good separation in the
KPSS10 for both persons and items, the KPSS10 may be
sensitive enough to discriminate between high and low
stressed respondents [54]. The majority of the respon-
dents’ scale locations overlapped with the item category
probability curves in the middle and at the lower end of
the scale. Given that the PSS was designed to measure
the degree to which individuals perceive their lives as
stressful in both clinical and non-clinical population [1],
this finding can be regarded as reasonable, concluding
that the KPSS10 items are designed to measure more
severe levels of perceived stress than was observed in
our non-clinical sample of soldiers.
There are some limitations to be considered in inter-

preting the findings. First, the KPSS10 [29] that we used
in this study, is a translated and validated version that is
adapted for the Korean population. In this process, the
KPSS10 included two items not present in the original
English PSS10 [3] so that it will be somewhat difficult to
compare directly with other previous findings. Second,
considering all the items and all subfactors, positive cor-
relations were found, justifying computing a total score
of the KPSS10. Another limitation of our study is that is
we could not compare KPSS10 scores to another meas-
ure of stress to assess convergent validity, instead, we
established concurrent validity with expected significant
correlations among the mental health measures in this
study. Finally, it may be difficult to generalize from our
findings, because of our particular sample. The military
sample in the study was not representative of the mili-
tary population in other countries because of the nature
of military service in South Korea, in which participation
is mandatory. The KPSS10 was also only administered at
one-time point, and the sample only included males,
therefore, future studies will have to assess test-retest
reliability and include women in the study sample.

Conclusions
In a South Korean military sample, the Korean version
of the PSS proved to be a reliable instrument with con-
current validity. We found evidence that while a bifactor
model best fit the data, the data are unidimensional
enough to conduct a Rasch analysis. To our knowledge,
this is the first study to use the Rasch rating scale model
to investigate the PSS. The results indicated a good sep-
aration in the KPSS for both persons and items, demon-
strated that the KPSS is sensitive enough to discriminate
between high and low stressed respondents. Given that
the PSS was designed to measure the degree to which
individuals perceive their lives as stressful in both clin-
ical and non-clinical populations, it is not surprising that
we found the Korean version of the PSS to be an ad-
equate measure of perceived stress in our non-clinical
sample of soldiers.

Additional file

Additional file 1: Korean Version of the Perceived Stress Scale (KPSS).
(PDF 168 kb)
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