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Abstract

Background Research on sensory processing sensitivity (SPS) is receiving in-
creasing clinical attention. The Chinese version of the Highly Sensitive Person
Scale (HSPS) currently used in China has mainly been tested among college
students and urban populations, but this version has not yet been validated
among the working-age labor population in China. Objective To obtain an SPS
scale suitable for the Chinese working-age labor population by eliminating mea-
surement bias related to educational level and place of birth. Methods Relevant
items were revised according to the cognitive habits of the target population, and
the initial scale was established through a pilot survey among people with low
educational attainment. Stratified and purposive sampling was used to recruit
participants from five labor-intensive enterprises in Guangdong, Chongqing, and
Hunan, with a focus on frontline employees. A total of 2 015 valid question-
naires were collected (valid response rate: 80.6%) and randomly divided into
an exploratory factor analysis group (EFA, n=1 007) and a confirmatory factor
analysis group (CFA, n=1 008). After 6 months, 267 valid questionnaires were
obtained for retesting. Python 3.13 and R were used to test reliability, validity,
and measurement invariance, and to conduct between-group difference analy-
sis and regression analysis in combination with demographic variables. Inverse
probability weighting (IPW) was used to analyze the potential impact of gender
imbalance. Results A 20-item Chinese version of the scale (HSPS-C20) was fi-
nalized. The three-dimensional bifactor model showed good fit: comparative fit
index (CFI)=0.974, root mean square error of approximation (RMSEA)=0.038,
and standardized root mean square residual (SRMR)=0.028. Cronbach’ s a for
the total scale was 0.923, and Cronbach’ s « for each dimension ranged from
0.802 to 0.885. Test-retest reliability was acceptable [intraclass correlation co-
efficient (ICC) for the total scale=0.707, and ICCs for each dimension ranged
from 0.442 to 0.620]. Bifactor dimensionality indices showed an explained com-
mon variance (ECV) of 0.742, a percent of uncontaminated correlations (PUC)
of 0.679, and w=0.924, supporting the total score as a unidimensional indicator.
Strict measurement invariance was achieved across gender, educational level,
and place-of-birth groups (ACFI<0.01). Gender and place of birth significantly
predicted SPS scores (5=0.119-0.172, P<0.001), with a smaller effect size for
place of birth (8=0.061-0.066, P<0.01). IPW sensitivity analysis indicated that
gender imbalance did not substantially interfere with the conclusions of SPS as-
sessment. Conclusion The revised HSPS-C20 has good reliability and validity
and can serve as a reliable tool for assessing sensory processing sensitivity in
the working-age labor population in China.
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[Abstract] Background Sensory processing sensitivity (SPS) has attracted in-
creasing clinical attention. The Chinese version of the Highly Sensitive Person
Scale (HSPS) currently used in China has mainly been tested among college
students and urban populations, but this version has not yet been validated
among the working-age labor population in China. Objective To obtain an
SPS scale suitable for the Chinese working-age labor population by eliminat-
ing measurement bias related to education level and place of birth. Methods
Relevant items were revised according to the cognitive habits of the target popu-
lation, and an initial scale was established through a preliminary survey among
groups with lower educational attainment. Stratified and purposive sampling
was used to recruit participants from five labor-intensive enterprises in Guang-
dong, Chongqing, and Hunan, with frontline employees as the focus. A total of
2,015 valid questionnaires were collected (valid response rate: 80.6%) and ran-
domly divided into two groups for exploratory factor analysis (EFA, n=1,007)
and confirmatory factor analysis (CFA, n=1,008). Six months later, 267 valid
retest questionnaires were obtained. Python 3.13 and R were used to test re-
liability and validity and measurement invariance, and demographic variables
were incorporated for between-group difference analysis and regression analysis;
inverse probability weighting (IPW) was used to analyze the potential impact
of imbalance in sex proportions. Results A 20-item Chinese version of the scale
was finally formed (HSPS-C20). The three-dimensional bifactor model showed
good fit: comparative fit index (CFI) = 0.974, root mean square error of ap-
proximation (RMSFEA) = 0.038, and standardized root mean square residual
(SRMR) = 0.028. The total-scale Cronbach’ s o was 0.923, and Cronbach’ s
« for each dimension ranged from 0.802 to 0.885; test-retest reliability [intra-
class correlation coefficient (ICC) for the total scale = 0.707, with dimensional
ICCs ranging from 0.442 to 0.620]. Bifactor dimensionality indices showed an
explained common variance (ECV) of 0.742, percentage of uncontaminated cor-
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relations (PUC) of 0.679, and w = 0.924, supporting use of the total score as
a unidimensional indicator. Tests across sex, educational level, and place of
birth all reached strict measurement invariance (ACFI<0.01). Sex and place
of birth significantly predicted SPS scores (6=0.119-0.172, P<0.001), with the
place-of-birth effect being smaller (5=0.061-0.066, P<0.01). IPW sensitivity
analysis showed that sex imbalance did not substantially interfere with the SPS
evaluation conclusions. Conclusion The revised HSPS-C20 has good reliabil-
ity and validity and can serve as a reliable tool for assessing sensory processing
sensitivity in China’ s working-age labor population.

[Keywords] sensory processing sensitivity; Highly Sensitive Person Scale; cross-
cultural adaptation; working-age labor population; measurement invariance; re-
liability and validity testing
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[Abstract]Background Sensory processing sensitivity (SPS) has attracted grow-
ing attention in clinical and psychological research. In China, the Chinese ver-
sion of the 27-item Highly Sensitive Person Scale (HSPS) has been used mainly
in studies of college students and urban residents. Its applicability to working-
age adults, particularly frontline workers with diverse educational and regional
backgrounds, has not been adequately examined. Objective This study sought
to revise the Chinese HSPS-27 by addressing potential measurement bias related
to educational attainment and place of birth and to develop a scale suitable for
assessing SPS in the Chinese working-age population. Methods Several items
were revised to better match
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the language habits and cognitive characteristics of the target population. A
preliminary version of the scale was then developed after a pilot survey among
participants with relatively low educational attainment. Participants were re-
cruited through stratified and purposive sampling from five labor-intensive en-
terprises in Guangdong, Chongqing, and Hunan, with an emphasis on frontline
employees. In total, 2 015 valid questionnaires were collected, yielding an ef-
fective response rate of 80.6%. The sample was randomly divided into two
subsamples for exploratory factor analysis (EFA, n=1 007) and confirmatory
factor analysis (CFA, n=1 008). After six months, 267 participants completed
the retest. Python 3.13 and R were used to examine reliability, validity, mea-
surement invariance, group differences, and regression models involving demo-
graphic variables. Inverse probability weighting (IPW) was also performed to
assess whether the unequal gender distribution influenced the findings. Results
The final scale consisted of 20 items and was named the HSPS-C20. A three-
dimensional bifactor model showed good fit to the data, with a comparative fit
index (CFT) of 0.974, a root mean square error of approximation (RMSEA) of
0.038, and a standardized root mean square residual (SRMR) of 0.028. The
total scale showed high internal consistency, with a Cronbach’ s « of 0.923. The
values of Cronbach’ s « for the three dimensions ranged from 0.802 to 0.885.
The intraclass correlation coefficient (ICC) for the total scale was 0.707, while
ICC for the dimensions ranged from 0.442 to 0.620. Bifactor indices further sup-
ported the use of the total score: the explained common variance (ECV) was
0.742, the percentage of uncontaminated correlations (PUC) was 0.679, and
the omega coefficient was 0.924. Strict measurement invariance was supported
across gender, educational attainment, and place of birth, with all A CFI values
below 0.01. Gender and place of birth were significant predictors of SPS scores
(6=0.119-0.172, P<0.001), although the effect associated with place of birth
was small (4=0.061-0.066, P<0.01). The IPW sensitivity analysis suggested
that the gender imbalance did not materially affect the main results. Conclu-
sion The HSPS-C20 showed satisfactory reliability, validity, and measurement
invariance in a large sample of Chinese working-age adults. The revised scale
may serve as a practical and culturally appropriate instrument for assessing
sensory processing sensitivity in this population.

[Key words] Sensory processing sensitivity; Highly Sensitive Person Scale; Cul-
tural adaptation; Working-age population; Measurement invariance; Reliability
and validity
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Sensory processing sensitivity (SPS) refers to an individual’ s more acute per-
ception of environmental stimuli and stronger emotional responses, and is an
innate biological trait. Since Aron and his wife proposed this concept in 1997
[1], SPS has gradually become a research focus in psychology; it is estimated to
occur in approximately 31% of the general population. Recent clinical observa-
tions have shown that SPS is closely associated with susceptibility to functional
gastrointestinal disorders: highly sensitive individuals are prone to somatic dis-
comfort such as abdominal pain and bloating, and often experience negative
emotions such as anxiety or depression [2-3]. In view of this, the introduction
and development of reliable SPS measurement tools is particularly important;
however, there is still a lack in China of assessment methods for the general
population that have undergone rigorous validation [4].

Previous researchers have introduced the Highly Sensitive Person Scale (HSPS)
into China and completed its preliminary sinicization, verifying it as a multidi-
mensional bifactor model [5]. However, prior study populations have focused on
university students, urban residents, and online respondents. Yet online ques-
tionnaire completion is highly arbitrary, quality control is difficult to ensure,
and retesting is also extremely difficult. In addition, existing Chinese versions
of the scale have problems of insufficient cross-cultural adaptation and fail to
consider China’ s urban-rural population structure and educational conditions.
Studies have shown that among China’ s working-age population and non-urban
employed groups, the proportions of those with an education below junior col-
lege reach 75.1% and 78.1%, respectively [6-7]. The original scale retains rigid
literal translations such as “drowning,” as well as contextual expressions with
specific lifestyles such as “drinking coffee” and “art experience.” Such differences
in cultural habits and educational attainment can easily lead to deviations in
understanding the scale, thereby affecting the reliability and validity of the scale
in the general population.

Therefore, with authorization from the original author, the present study re-
vised the scale for China’ s working-age population. The study placed partic-
ular emphasis on the two variables of educational attainment and urban-rural
differences. A pilot survey was first conducted among groups with an education
below junior college, followed by large-scale systematic psychometric validation
in the target population. The aim was to develop an SPS assessment tool for
this population that conforms to local cultural characteristics.

1 Objects and Methods

1.1 Survey Participants

A stratified purposive sampling method was used, with place of birth (urban,
non-urban) and educational attainment (below junior college, junior college and
above) as stratification variables. “Place of birth” refers to the participant’ s
main place of residence before the age of 18 (based on household registration
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location), with the aim of reflecting the cultural background of the participant’ s
upbringing (urban or non-urban). The stratification targets were based on data
from the National Bureau of Statistics’ China Labour Statistical Yearbook 2023
and the Ministry of Public Security’ s 2023 household-registration population
statistics: among the national employed population, those with an education
below junior college account for approximately 77%, and those with non-urban
household registration account for approximately 53% [7]. Accordingly, the
present study preset the sampling targets for each stratum as approximately
77% of the sample having low educational attainment (below junior college)
and approximately 53% having a non-urban place of birth, to ensure that the
sample could represent China’s working-age labor population in terms of cultural
background and language comprehension ability for scale cultural adaptation
and validation. To achieve the stratification targets, paper questionnaires were
deliberately distributed to frontline employees in five labor-intensive enterprises
(covering manufacturing, construction, and logistics) in Guangdong, Chongging,
and Hunan. This study was reviewed and approved by the Ethics Committee of
the General Hospital of the Southern Theater Command (NO.ZLLK2023051),
and all participants were informed of the purpose of the study and signed a
paper informed consent form.

Inclusion criteria: (1) age 18 to <60 years, with the ability to complete the
questionnaire independently; (2) questionnaire completion time of 8-20 min.

Exclusion criteria: (1) incomplete questionnaire or missing key information; (2)
completion time <8 min or >20 min, with suspected perfunctory responding;
(3) questionnaire not completed independently (questionnaires whose content
was confirmed by two reviewers to be highly similar); (4) diagnosed mental
or psychological illness, and current or previous history of taking psychotropic
medications.

1.2 Research Instruments and Methods
1.2.1 Cross-cultural Adaptation and Preliminary Investigation

This study used the original HSPS-27 scale developed by Aron and Aron in
1997["1], comprising 27 items. The Cronbach’ s « of the original total scale was
0.85-0.87. The initial theoretical assumption for the scale was a unidimensional
trait. Smolewska et al.["23] first identified three independent factors: ease of
excitation (EOE), low sensory threshold (LST), and aesthetic sensitivity (AES).
Lionetti et al.["30] were the first to systematically validate a three-dimensional
bifactor nested model; this model simultaneously includes a general sensitivity
factor affecting all items and the above three specific dimensions. After local-
ization validation in multiple countries, it has become the mainstream fitting
model in this field and has been recognized by the original author team, provid-
ing the theoretical basis for the cultural adaptation and model validation in the
present study. Because authorization for the Chinese translation of the scale
used in this study had been obtained in advance from the original author Aron
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by email, the translation process followed Brislin’ s classical back-translation
procedure[”8]. After the first draft was completed, five experts in psychology,
linguistics, and clinical medicine reviewed it round by round, examining item by
item the degree to which each item, on the basis of conforming to the original
scale, fit the cultural background of China’ s age-appropriate labor population,
and adapting words that could easily cause ambiguity. The final HSPS-27 Chi-
nese version was obtained.

Thirty age-appropriate workers who had not grown up in towns and had no
university education experience were selected for a face-to-face interview. They
were asked item by item whether the items were “understandable, answerable,
and ambiguous.” The interview results showed that the respondents understood
all items 100%, could answer them, and found no ambiguity. This indicated
that the linguistic expression of the scale was feasible in the target population.

1.2.2 Data Collection and Processing

Data collection was conducted in two stages. Stage 1: from March to August
2023, a total of 2,500 paper questionnaires were distributed, and 2,015 valid
questionnaires were recovered, with an effective recovery rate of 80.6%. Stage 2:
in February 2024, six months later, 300 people were randomly selected from the
qualified sample at that time for retesting, and 267 valid retest questionnaires
were obtained, with an effective recovery rate of 89.0%.

Data processing was conducted with reference to the standard procedure of Zhao
et al.[79]. When questionnaires were collected on site, items with omissions were
checked manually, and missing items were reminded and completed on the spot.
Questionnaires with a completion time shorter than 8 min or longer than 20 min
were uniformly excluded. If more than 20% of the content was unanswered, the
questionnaire was directly discarded; for individual missing items, the overall
mean of that item was used for imputation, thereby ensuring the completeness
of the sample["10].

1.2.3 Data Analysis Procedure

The total sample was divided into Sample 1 and Sample 2 using a random equal-
allocation method. Baseline characteristics were first described, and then item
analysis was conducted. The critical ratio method and item-total correlation
analysis were used sequentially, and the corrected item-total correlation index
(corrected item-total correlation, CITC) was calculated. Items were screened
using P<0.05 and both the item-total correlation coefficient and CITC >0.3 as
criteria[ " 11].

Reliability and validity verification: Bartlett’ s test of sphericity was performed
and the KMO value was calculated using the data matrix of Sample 1. When
KMO > 0.7 and Bartlett’ s test of sphericity was significant at P<0.05, the
data were considered suitable for factor analysis["12]. Parallel analysis was used
to determine common factors[ 13|, and exploratory factor analysis (EFA) was

chinarxiv.org/items/chinaxiv-202608.00154 Machine Translation


https://chinarxiv.org/items/chinaxiv-202608.00154

ChinaRxiv [$X]

performed using maximum likelihood estimation and Promax oblique rotation.
Redundant items were removed according to factor loadings and communality
(h?), and an intermediate version was formed. Six experts (including two each of
psychology professors, scale-development specialists, and clinicians) were further
invited to conduct content validity testing of the intermediate version. Using
Lynn’ s item content validity index (I-CVI) > 0.83["14] as the criterion, the final
items were determined. Using Sample 2, five competing models were fitted (M1
one factor; M2 two factors; M3 three factors oblique; M4 three factors orthogo-
nal; M5 three-dimensional bifactor), and comparative fit index (CFI), Tucker-
Lewis index (TLI), root mean square error of approximation (RMSEA), stan-
dardized root mean square residual (SRMR), and maximum likelihood robust
(MLR) estimation were used for model parameter estimation.

Using the Sample 2 data, average variance extracted (AVE) and composite reli-
ability (CR) were used to test convergent validity. The square root of AVE was
compared with the correlations between dimensions to determine discriminant
validity; meanwhile, the heterotrait-monotrait ratio (HTMT) index was refer-
enced["15-16] to synthesize the evidence. Because self-report data are prone
to common method bias (CMB), after the five models described above were
compared and the optimal model was determined, a global method factor was
introduced into that model to construct the corresponding nested model, and
systematic error was detected by comparing differences in fit indices["17]. Reli-
ability was verified by evaluating internal consistency with Cronbach’ s a coeffi-
cient, and the long-term stability of the scale was tested based on the two test-
retest datasets[ 18].

The stability of the scale across groups was tested by grouping according to
sex, educational level, and place of birth, and measurement invariance testing
was completed (with ACFI < 0.01 and ARMSEA < 0.015 as criteria)["19].
If measurement invariance was established, demographic variables such as sex,
educational level, and place of birth were directly used for one-way analysis of
variance or t tests, and effect sizes (n? or Hedges' g¢)["20] were calculated to
compare differences between groups. Finally, regression analysis was performed
to determine the predictive effects of each variable on the HSPS total score and
each dimensional score.

1.3 Statistical Methods

Python and R were used for statistical analysis. Normally distributed quantita-
tive data were expressed as T+ s, and independent-samples t tests were used for
comparisons between two groups; quantitative data not conforming to a normal
distribution were expressed as M (P,5, Pr5), and the Mann-Whitney U test
was used. Categorical data were expressed as percentages (%), and intergroup
comparisons were performed using the x? test. The intraclass correlation coeffi-
cient (ICC) was used to evaluate test-retest reliability of the scale["18]. P<0.05
was considered statistically significant. Considering the large sample size in this
study, in addition to parametric tests, the corresponding nonparametric tests
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were also reported.

the validation results for robustness verification. The effect size for between-
group comparisons was uniformly expressed using Hedges’ g¢.

2 Results
2.1 Descriptive analysis

2.1.1 Baseline characteristics Through pretesting, a culturally adapted
scale was obtained for testing. A total of 2 015 valid samples were collected
and randomly divided into Sample 1, assigned to the exploratory factor analy-
sis (EFA) group (n =1 007), and Sample 2, assigned to the confirmatory factor
analysis (CFA) group (n =1 008). The survey participants were predominantly
male (90.5%), aged 18-22 years (53.6%), had an education level of junior college
or below (75.3%), and were mainly from non-urban areas (71.1%). Among them,
female participants accounted for only 9.5%. Because of the imbalance in the sex
ratio, inverse probability weighting (IPW) was ultimately used for sensitivity
analysis. Comparisons of sex, age, education level, and place of origin between
the two groups showed no statistically significant differences (P > 0.05), as
shown in Table 1.

Table 1 Baseline characteristics of participants

EFA group CFA group

Variable (n=1007) (n=1008) x? (2) value P value
Sex 0.004 0.949
Male 912 (90.6) 912 (90.5)

Female 95 (9.4) 96 (9.5)

Age 0.600 0.548
18-22 537 (53.3) 543 (53.9)

years

23-27 283 (28.1) 276 (27.4)

years

28-32 99 (9.8 90 (8.9)

years

33-37 59 (5.9) 69 (6.9)

years

()38 years 29 (2.9) 30 (3.0

Education 0.555 0.456
level

Junior 765 (76.0) 752 (74.6)

college or

below

Junior 242 (24.0) 256 (25.4)

college or

above
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EFA group CFA group

Variable (n=1007) (n=1008) x2(Z) value P value
Place of 1.577 0.209
origin

Non- 703 (69.8) 729 (72.3)

urban

Urban 304 (30.2) 279 (27.7)

Note: EFA = exploratory factor analysis; CFA = confirmatory factor analysis;
indicates Z value.

2.1.2 Item analysis First, a normality test was performed on the full sample
(n = 2 015). The mean values of the items were 2.47-3.71, and the standard
deviations were 1.44-1.75. The Shapiro-Wilk normality test results showed that
all items had skewed distributions. Because the absolute values of skewness for
all items were < 0.84 and the absolute values of kurtosis were < 1.18, meeting
the criteria of |skewness| < 2 and |kurtosis| < 7, the data for all items were
considered to approximately follow a normal distribution|["21], and subsequent
analyses could be carried out. The CITC of the items was 0.352-0.700, all higher
than the retention criterion of 0.30["22]. The extreme-group method was used
to compare the extreme groups (the upper 27% and lower 27%) by independent-
samples t test. The results showed that the between-group differences for all
items were statistically significant (P < 0.001), indicating that each item had
good discrimination, as shown in Table 2.

2.2 Structural validity

2.2.1 Test of suitability for factor analysis Using Sample 1 (n =1 007),
the calculated KMO value was 0.962, and Bartlett’ s test of sphericity was
significant (2 = 11 064.82, P < 0.001). Therefore, the data were suitable for
further factor analysis, as shown in Table 2.

Table 2 Summary of data quality tests

Test item Test result  Judgment criterion Conclusion

Valid sample 2 015 >500 Sufficient

size

Normality test

Skewness 0.08-0.84 <2 Approximately

range normal

Kurtosis range 0.04-1.18 <7 Approximately
normal

Item

discrimination
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Figure 1 Scree plot of HSPS-27 based on parallel analysis

Figure 1: Figure 1 Scree plot of HSPS-27 based on parallel analysis

Test item Test result  Judgment criterion Conclusion
Critical ratio P < 0.001 Significant  Good
method
CITC range 0.352-0.700 >0.30 Acceptable
Prerequisites
for factor
analysis
KMO 0.962 >0.90 Highly suitable
Bartlett’ s test x? =11 064.82, Significant  Suitable
of sphericity df = 351,

P <0.001
Overall Cronbach’ s >0.70 Excellent
internal a=0.923
consistency of
the scale

Note: CITC = corrected item-total correlation; KMO and Bartlett tests were
based on Sample 1 (n =1 007).

2.2.2 Parallel analysis The actual eigenvalues of the first 3 factors (11.648,
1.821, 1.409) all exceeded the 95% eigenvalues of the random model (Figure 1),
while the 4th factor (0.987) was lower than the random critical value (1.230).
Combined with the elbow shape of the scree plot, this was judged to be a
three-factor structure. Referring to the theoretical framework of the original
authors["1,723], the 3 factors were still named EOE, LST, and AES.

Note: EFA = exploratory factor analysis; EOE = ease of excitation; LST = low
sensory threshold; AES = aesthetic sensitivity.

Figure 1 Scree plot of HSPS-27 based on parallel analysis

2.2.3 Exploratory Factor Analysis

Promax oblique rotation was used to conduct EFA on sample 1. With a factor
loading <0.40 or excessively high cross-loading as the deletion criterion, items
(8, 9, 11, 18, and 13) were deleted in sequence (Figure 2). After review of
content validity, the item content validity index (item content validity index, I-
CVI) values of items 5 and 12 were both lower than 0.83, and their agreement
was also relatively low, so they were deleted [24]. Among them, the agreement
for item 15 was 0.140, lower than 0.20, but considering that its I-CVI met
the standard, if this item were deleted, only 4 items would remain under the
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AES factor; therefore, it was retained based on content coverage. Finally, 20
items were retained. The I-CVI values of the retained items were all 0.833-
1.000, and the overall scale average content validity index (Scale content validity
index/Average, S-CVI/Ave) was 0.975, forming the final Chinese version HSPS-
C20. The second round of EFA still supported a three-factor structure, with a
cumulative explained variance of 59.20%. However, the loadings of some items
(such as item14, 19, 20, 21, etc.) were lower than 0.40, with loadings between
0.35 and 0.40, slightly below the preset threshold. Nevertheless, their loadings
were still mainly concentrated on the corresponding AES factor, and no large-
scale cross-factor drift occurred, indicating that the three-factor structure was
stable and also suggesting room for future optimization of item wording (Figure

Note: * indicates items deleted from EFA.

Figure 2 Heatmap of factor loadings of HSPS-27 based on exploratory factor
analysis (EFA)

2.2.4 Confirmatory Factor Analysis

Using sample 2 (n=1 008), five competing models were fitted and compared;
the three-dimensional bifactor model M5 was optimal [25]. CFI=0.974,
TLI=0.967, RMSEA=0.038, SRMR=0.028. According to Akaike information
criterion/Bayesian information criterion (AIC/BIC), the AIC difference A AIC
was 0 (Table 3). The standardized factor loadings of the M5 model were as
follows: general factor G loadings were 0.45-0.76 (P<0.001); among the special
factor loadings on EOE, only item 26 was relatively high (0.614), and the rest
were below 0.23; LST

Figure 3 Factor loading matrix of HSPS-C20 after the second round of EFA

loadings 0.36-0.50; AES loadings 0.32-0.57. Bifactor dimensionality indices:
the explained common variance (ECV) was 0.742, the percentage of uncontami-
nated correlations (PUC) was 0.679, and the w hierarchical coefficient was 0.924.
Because ECV > 0.70 indicates that the total score of HSPS-C20 can be used as
a unidimensional index, and PUC close to 0.70 suggests that multidimensional-
ity has little bias in the estimation of the G factor, retaining the three specific
factors was supported; see Figure 4.

Table 3 Comparison of confirmatory factor analysis (CFA) model fits

Model CFI TLI RMSEA SRMR AlIC BIC AAIC

M1 0.867 0.850 0.080 0.060 68634.3 68831 789.8
Sin-
gle
fac-
tor
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Model CFI TLI RMSEA SRMR AIC BIC AAIC

M2 0.901 0.888 0.070 0.053 68332.4 68534 487.9
Two

fac-

tors

M3 0.962 0.956 0.044 0.035 67904.4 68115.8 59.9
Three

oblique

fac-

tors

M4 0.819 0.798 0.094 0.285 68957.1 69153.7 1112.6
Three

or-

thog-

onal

fac-

tors

M5 0.974 0.967 0.038 0.028 67844.5 68139.5 0
Bifac-

tor

with

three

di-

men-

sions

Note: CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root
mean square error of approximation; SRMR = standardized root mean square
residual; AIC = Akaike information criterion; BIC = Bayesian information
criterion; AAIC = difference in Akaike information criterion. CFI/TLI > 0.90,
RMSEA < 0.08, and SRMR < 0.08 were considered criteria for good fit.

2.2.5 Convergent Validity and Discriminant Validity Analysis

Validation was conducted with Sample 2 (n = 1,008). The AVE values for the
dimensions of HSPS-C20 were 0.449-0.466, not reaching the traditional criterion
of 0.5; however, the CR values were 0.802-0.887, all exceeding 0.70, indicating
good composite reliability. In the HTMT test, the ratios among the dimensions
of HSPS-C20 (EOE-LST = 0.796, EOE-AES = 0.742, LST-AES = 0.660) were
all below the threshold criterion of 0.85. The results indicated that the three
dimensions had sufficient discriminant validity [26]; see Table 4.
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Figure 4. Optimal Fitting Model of HSPS-C20 Scale

Figure 2: Figure 4. Optimal Fitting Model of HSPS-C20 Scale

2.2.6 Measurement Invariance Test

Using the main sample (n = 2,015), multigroup CFA was conducted by sex,
education, age, and birthplace. Configural invariance, weak (loading) invari-
ance, strong (intercept) invariance, and strict (residual) invariance were tested
sequentially. Each

Figure 4 Optimal Fitting Model of HSPS-C20 Scale

Table 4 Internal consistency reliability, convergent and discriminant
validity

Cronbach’ McDonald Discriminant
Dimension S « w AVE CR validity
EOE 0.885 0.887 0.466 0.887 EOE-
AES=0.742
AES 0.802 0.802 0.449 0.802 EOE-
LST=0.796
LST 0.836 0.837 0.462 0.837 AES-
LST=0.660
HSPS- 0.923 0.925

C20

Note: EOE = ease of excitation; AES = aesthetic sensitivity; LST = low sen-
sory threshold; AV E = average variance extracted; C R = composite reliability;
HTMT = heterotrait-monotrait ratio.

The CFI values of all groups were above 0.950, and the RMSFE A values were
all below 0.060. After stepwise constraints, the decreases in ACFI were all
less than 0.01, and changes in ARMSFE A did not exceed 0.015, indicating that
the HSPS-C20 achieved strict measurement invariance across sex, educational
level, age, and place of birth groups. Therefore, cross-group comparisons were
sufficiently reasonable, as shown in Table 5.

2.2.7 Common method bias analysis

After adding one global method factor to the three-dimensional two-factor base-
line model, the changes in model fit indices were small, with ACFI = 0.008 and
ARMSFEA = 0.005. The results indicated that CMB was very low and could
be ignored, and did not interfere with the main results of this study[~27].
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2.3 Reliability analysis
2.3.1 Internal consistency test

The Cronbach’ s « coefficients of each HSPS-C20 dimension were 0.802-0.885,
and the Cronbach’ s a coefficient of the HSPS-C20 total scale was 0.923; all
exceeded 0.70, indicating that the scale had good internal consistency, as shown
in Table 4.

2.3.2 Test-retest reliability analysis

The 6-month retest results showed that the IC'C' of the HSPS-C20 total scale
was 0.707 (95%CT1=0.64-0.76) . According to the judgment criteria of Koo
et al.[728], the retest reliability of the total scale reached a moderate level:
EOE=0.620 (moderate) , LST=0.529 (low) , and AES=0.442 (low) , as shown
in Table 6.

2.4 Difference analysis and correlation analysis of de-
mographic characteristics in HSPS-C20 total scores and
dimensional scores

2.4.1 Age

According to the descriptive statistical results by age group (Table 1), the sam-
ple sizes of the age groups differed considerably and did not satisfy homogeneity
of variance; therefore, the Kruskal-Wallis H test was used to compare differences
among different age groups in HSPS-C20 total scores and dimensional scores.
The results showed that differences among age groups in AES dimensional scores
were statistically significant (H = 12.445, P = 0.014), whereas intergroup dif-
ferences in the HSPS-C20 total score (H = 9.296, P = 0.054), EOE dimension
(H = 8.418, P = 0.077), and LST dimension (H = 8.443, P = 0.077) were not
significant. Thus, age had a relatively limited effect on HSPS-C20 scores.

2.4.2 Sex

Welch’ s t test was used to analyze the effect of sex differences on SPS. The
results showed that women scored higher than men on the HSPS-C20 total
score and on all dimensional scores (P < 0.001), with the overall effect size
reaching a moderate level (Table 7). Combined with the measurement invariance
results, the higher SPS scores among women can be regarded as genuine group
differences.

2.4.3 Educational level

Welch’ s t test was used to analyze differences in HSPS-C20 total scores and
dimensional scores across educational levels. The results showed that differences
in all dimensions and in the total score were not significant (P > 0.05) (Table
7). Combined with the measurement invariance results, no significant differences
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were found among groups with different educational levels in HSPS-C20 total

Table 5 Results of Measurement Invariance Tests
Group  Model CFI RMSEA ACFI ARMSFEA Judgment
Sex Configural 0.947 0.039 Baseline
invari-
ance
Sex Metric 0.947 0.038 —0.000 —0.001 Passed
invari-
ance
Sex Scalar 0.941 0.039 —0.005 +0.001 Passed
invari-
ance
Sex Strict 0.938 0.039 —0.003 —0.000 Passed
invari-
ance
Educationélonfigural 0.950 0.039 Baseline
level invari-
ance
EducationMetric 0.950 0.038 —0.000 —0.001 Passed
level invari-
ance
Education&talar 0.948 0.037 —0.001 —0.001 Passed
level invari-
ance
Education8krict 0.946 0.037 —0.002 —0.000 Passed
level invari-
ance
Place Configural 0.951 0.038 Baseline
of birth  invari-
ance
Place Metric 0.950 0.038 —0.001 —0.001 Passed
of birth  invari-
ance
Place Scalar 0.949 0.037 —0.001 —0.001 Passed
of birth  invari-
ance
Place Strict 0.947 0.036 —0.001 —0.000 Passed
of birth  invari-
ance
Age Configural 0.949 0.039 Baseline
invari-
ance
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Group  Model CFI RMSEA ACFI ARMSFEA Judgment
Age Metric 0.947 0.039 —0.002 —0.000 Passed

invari-
ance

Age Scalar 0.944 0.039 —0.002 —0.000 Passed
invari-
ance

Age Strict 0.939 0.039 —0.006 +0.001  Passed
invari-
ance

Note: ACFI < 0.010 and ARMSEA < 0.015 were used as the criteria for
invariance testing.

overall level of education.

2.4.4 Place of Birth

Welch’ s t test was used to compare differences in the HSPS-C20 total score and
dimensional scores by place of birth. The results showed that differences in all
dimensions and in the total score were significant, and the scores of the urban
group were higher than those of the non-urban group: total score t = —3.543, P
< 0.001, g = 0.173; EOE ¢ = —3.380, P < 0.001, g = 0.168; LST ¢ = —2.293, P
= 0.022, g = 0.111; AES ¢t = —3.444, P < 0.001, g = 0.166 (Table 7). However,
because of the relatively large difference in sample size, the effect sizes reported
used the corrected Hedges’ g, and the effect sizes for all dimensions were small
(¢ =0.111-0.173).

2.4.5 Multiple Linear Regression Analysis

Using demographic characteristics as independent variables, standardized mul-
tiple linear regression analyses were conducted separately with the HSPS-C20
total score and the scores of the three dimensions as dependent variables. The re-
sults showed that sex had the greatest impact on the HSPS-C20 total score and
each dimensional score (8 = 0.119-0.172, P < 0.001), indicating that among de-
mographic variables, sex was the strongest independent predictor; place of birth
significantly predicted the HSPS-C20 total score and EOE and AES scores (P
= 0.003, 0.003, 0.006), but its predictive effect on the LST score was not sta-
tistically significant (P = 0.056). Educational attainment predicted only the
AES score (8 = 0.052, P = 0.028), and its predictive effects on the HSPS-C20
total score, EOE and LST scores were not statistically significant. Age did not
significantly predict the HSPS-C20 total score or any dimensional scores (P >
0.05). Moreover, R? was 0.019-0.036, indicating that demographic characteris-
tics had a relatively low overall explanatory power for the HSPS-C20 total score
and dimensional scores (Table 8).
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2.5 IPW Sensitivity Analysis

Women accounted for only 9.5% of the sample (n = 191), far lower than the pro-
portion of women in the national age-appropriate population, 48.8% (National
Bureau of Statistics 2022 data: men 51.2%, women 48.8%). To test whether
this sex composition bias affected the conclusions, the sample was calibrated
using IPW based on the marginal probability of sex (w,. = 0.566, Weae
= 5.148). The results showed that, before and after weighting, the directions
and significance of the coefficients of the four independent variables in the total-
score dimension were completely consistent (Table 9): the coefficient for sex
decreased from 0.591 to 0.543, the coefficient for place of birth increased from
0.154 to 0.214, and age and educational attainment remained nonsignificant.
At the dimensional level, fluctuations occurred mainly for age (3 groups), ed-
ucational attainment (2 groups), and place of birth: in the EOE dimension,
age and educational attainment changed from nonsignificant to significant; in
the AES dimension, age and educational attainment changed from significant
to nonsignificant; and in the LST dimension, age and place of birth changed
from nonsignificant to significant. The effects of sex and place of birth on the
total score and EOE remained significant and in the same direction before and
after weighting, and were the most robust effects across all comparisons. After
weighting, independent variables with small effect sizes, such as age and educa-
tional attainment, were more sensitive to the weight distribution; the judgment
of significance at the dimensional level was easily affected by sampling fluctua-
tions and should be interpreted together with the total-score analysis. However,
sex composition bias did not alter the core conclusions of the study.

3 Discussion

In this study, the original HSPS-27 was culturally adapted for the target popu-
lation to obtain the HSPS-C20. Its good

Table 6 Test-retest reliability stability test results (n = 267)

Dimension  ICC 95%CI  F value P value
HSPS-C20 0.707 0.640-0.760 5.949 <0.001
EOE 0.620 0.540-0.690 4.275 <0.001
LST 0.529 0.410-0.630 3.501 <0.001
AES 0.442 0.340-0.530 2.581 <0.001

Note: ICC = intraclass correlation coefficient; according to the Cicchetti crite-
rion, ICC > 0.75 is good, 0.60-0.74 is moderate, and <0.60 is low.

Table 7 Analysis of intergroup differences in the total score and scores
across individual dimensions of HSPS-C20 (n = 2 015)
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HSPS-C20
Variable total score EOE LST AES
Sex t = —7.785, t = —7.804, t = —5.668, t = —6.983,
P <0.001,g P<0.001,¢9g P<0.001,g P<0.001,g
= 0.617 = 0.607 = 0.438 = 0.525
Educational t =0.524, P t =1.756, P t = —0.119, t = —1.080,
attainment =0.600,g= =0.079,9g= P=0905 ¢ P=0281¢g
0.028 0.092 = 0.006 = 0.057

Place of birth ¢ = —3.543, ¢t = —3.380, t=—2.203, t= —3.444,
P<000l,g P<000l,g P=002249 P<0.00l,g
=0.173 = 0.168 =0.111 = 0.166

Note: Comparisons between two groups used Welch’ s ¢ test; effect sizes are
expressed as Hedges’ g.

Table 8 Results of multiple linear regression analysis on factors asso-
ciated with total and dimensional scores of HSPS-C20 scale (n = 2
015)

HSPS-

HSPS- C20

C20 total
Predictortotal score EOE LST AES
vari- score P EOE P P P
able B value S value LST S  value AESS  value

Age 0.005 0.819 0.014 0.558 0.024 0.327 —0.033 0.166
Sex 0.172 <0.001 0.164 <0.001 0.119 <0.001 0.161 <0.001
Educatiof4l05 0.846 —0.027  0.256 0.008 0.738 0.052 0.028
at-

tain-

ment

Place  0.066 0.003 0.065 0.003 0.043 0.056 0.061 0.006
of

birth

R? 0.036 0.035 0.019 0.030
Adjusted0.034 0.033 0.017 0.028

R2

The psychometric properties include internal consistency, discriminant validity,
convergent validity, and test-retest stability; all reliability and validity indica-
tors met psychometric standards. The common-method bias test results were
satisfactory, and the obtained data were reliable. Therefore, HSPS-C20 is suit-
able for SPS assessment in age-appropriate working populations and can also
serve as an assessment tool for clinical medicine and mental health research.
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3.1 Localization Adaptation and Research Design Features for Age-
Appropriate Working Populations

3.1.1 Stratified purposive sampling Previous studies have often pursued
precise matching between samples and national demographic proportions. This
study instead adopted purposive sampling, with priority given to including age-
appropriate working populations with college education or below and non-urban
backgrounds. Following the ideas of the ITC Guidelines for Test Adaptation,
if a scale can achieve good reliability, validity, and measurement invariance
among groups with relatively low education and non-urban populations, then it
is reasonable to infer that it is likewise applicable to populations with higher ed-
ucation and more complex urban backgrounds[~29]. Therefore, the educational
distribution of this study sample was matched, and the proportion of non-urban
participants was relatively high; thus, the sample was also representative.

3.1.2 Adaptation testing scheme targeting grassroots groups To fully
examine the scale’ s fit among grassroots working populations, this study se-
lected frontline employees from labor-intensive enterprises in multiple regions
for the survey. In the final sample, non-urban household registration accounted
for 71.0%, higher than the national proportion of 53%; education at college level
or below accounted for 5.3%, roughly equivalent to the educational distribution
of the national age-appropriate working population, 77%. The appropriate in-
crease in the proportion of non-urban household-registered workers was a preset
research design intended to test the scale’ s applicability in a way that was closer
to the target population, thereby ensuring that the tool could be stably applied
to grassroots working populations.

3.1.3 Alignment between theoretical design and practical evidence
Unlike previous scale Sinicization studies that mainly focused on direct trans-
lation and back-translation, this study took interference factors such as educa-
tional level and urban-rural differences into prior consideration: item wording
was first optimized to address comprehension barriers among grassroots popu-
lations, and a face-to-face pretest was conducted among workers with low edu-
cation and non-urban backgrounds (n = 30), achieving understandability and
answerability for all items. The content validity index (I-CVI > 0.833) also
confirmed the appropriateness of the item wording. The key evidence verifying
the effectiveness of this strategy came from the measurement invariance test:
both the urban-rural grouping and the educational-level grouping passed strict
equivalence (ACFI < 0.01), indicating that the measurement meaning of the
scale items was not affected by place of origin or educational level.

3.1.4 Comparison with similar domestic studies Compared with exist-
ing Chinese adaptation studies of the HSPS, this study conducted a test-retest
reliability examination and further completed multidimensional measurement
invariance tests for gender, place of origin, and educational background. At
present, similar validation studies at home and abroad are rarely reported. In
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addition, this study conducted a large-sample survey of frontline workers, face-
to-face interviews, medium- and long-term retesting, and comparisons of multi-
ple demographic characteristics, providing evidence for SPS assessment among
grassroots working populations and making up for the limitation that existing
scales are not adapted to grassroots workers.

3.2 Evaluation of Scale Reliability and Validity Results

3.2.1 Model structure The revised HSPS-C20 is consistent with the main-
stream theoretical framework of SPS, retaining a three-dimensional bifactor
structure and corresponding to the dimensional allocation of items in the orig-
inal HSPS-27["23,730]. In this study, several items from the LST dimension
of the original HSPS-27 (e.g., 16, 23, 25, 26, 27) were assigned to the EOE
dimension in the Chinese worker population sample. This may be related to the
ambiguity of item boundaries in parts of the original HSPS-27, and may also
be related to cross-cultural adaptation. Under different—

Table 9 Comparison of regression coefficients before and after inverse
probability weighting (IPW) (n = 2,015; weighted effective n ~ 719)

Dependentindependent Conclusion
vari- vari- consis-
able able OLS_B OLS_P IPW_B IPW_P tent
HSPS-  Age —0.002 0.609 0.007 0.066 Yes
C20
total
score
HSPS-  Gender 0.591 <0.001 0.543 <0.001 Yes
C20
total
score
HSPS-  Educational 0.030 0.570 —0.080 0.193  Yes
C20 level
total
score
HSPS-  Place 0.154 0.001 0.214 <0.001 Yes
C20 of
total origin
score
EOE Age 0.002 0.656 0.013 0.002 No
EOE Gender 0.600 <0.001 0.543 <0.001 Yes
EOE Educational —0.052 0.384 —0.164 0.015 No
level
EOE Place 0.179 0.001 0.275 <0.001 Yes
of
origin
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Dependentindependent Conclusion
vari- vari- consis-
able able OLS_B OLS P IPW_B IPW_P tent
LST Age 0.001 0.876 0.011 0.013 No
LST Gender 0.510 <0.001 0.451 <0.001 Yes
LST Educational 0.055 0.365 —0.095 0.176  Yes
level
LST Place 0.104 0.056 0.182 0.001 No
of
origin
AES Age —0.014 0.011 —0.009 0.078 No
AES Gender 0.672 <0.001 0.651 <0.001 Yes
AES Educational 0.146 0.025 0.092 0.220 No
level
AES Place 0.168 0.004 0.144 0.012  Yes
of
origin

Note: Using gender as the weighting variable, inverse probability weights were
calculated according to the reciprocal of the ratio between the national popu-
lation proportion and the sample proportion (IPW; w, 1o = 0.566, Wiemate =
5.148). Weighted least squares (WLS) and unweighted ordinary least squares
(OLS) coefficients (B) and P values were compared. For “conclusion consistent,”
P < 0.05 was used as the threshold for judging significance; if the judgment re-
sults before and after weighting were the same, it was recorded as “Yes,” and if
different, as “No.” Conclusions at the total HSP score level were all consistent;
at the subdimension level, 6 of 16 comparisons (37.5%) reversed, concentrated
in the two independent variables with relatively small effect sizes, age and ed-
ucational level. Gender and place of origin had the most stable effects on the
total score and EOE.

Under the same cultural context, dimension aggregation differences and attri-
bution drift of individual factors are relatively common.

When conducting exploratory factor analysis, items were deleted according to
the standard item-removal criteria. Although item 15 had a communality of
0.186 in the EFA, slightly below 0.20, comparison of the two bifactor CFA
models with item 15 retained versus deleted showed that the model fit indices
were almost identical (ACFI = 0.001), and item 15 had significant loadings on
both the general factor (A = 0.460) and the AES-specific factor (A = 0.357);
therefore, it was retained.

In addition, when this study used sample 2 (n = 1 008) to verify convergent
validity, the AVE values of the dimensions were 0.449-0.466, not reaching the 0.5
convergence threshold; however, the three-dimensional C'R values were 0.802-
0.887, all higher than 0.70. According to Henseler et al. 26/ and Diamantopoulos,
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for self-report personality scales, composite reliability can be used to assist in
judging convergent validity: when CR > 0.8 and HTMT < 0.85, AVE in the
range of 0.40-0.50 can still be considered acceptable for convergent validity.
In this study, the HT' MT results among the three dimensions were all below
the critical value of 0.85, demonstrating sufficient discriminant validity among
dimensions 20,

At the same time, the overall ECV of the three-dimensional bifactor model in
this study was 0.742, indicating that the core characteristics of the scale as a
whole were stable and could compensate for the deficiency of weak convergence
at the subdimension level. The difficulty in achieving an AVE of 0.5 for the sub-
dimensions was not caused by the present localization adaptation. For example,
cross-cultural validations of the HSPS in Lithuania and Spain have reported
similar weak convergent validity results, the source of which lies in the inherent
structural characteristics of the original scale—high cross-loadings among the
three-dimensional items and dominance of the total-score unidimensional trait—
which represent intrinsic measurement limitations of the original scale structure
(10.15] and require further improvement.

3.2.2 Retest reliability

Influenced by objective factors, the retest interval in this study was relatively
long (about 6 months). Therefore, the total-scale ICC = 0.707 (moderate),
EOFE = 0.620 (moderate), LST = 0.529 (relatively low), and AES = 0.442
(relatively low). Among these, the retest reliability of the total scale reached
a moderate level; for the dimensions, EOE was at a moderate level, whereas
LST and AES were relatively low. Although SPS is a relatively stable person-
ality trait, it is also affected to some extent by many factors such as emotion,
stress, and experience. Moreover, the sample in this study came from several
enterprises, the working environments were similar, and more than half of the
sample consisted of newly hired employees who were in the period of occupa-
tional adaptation. The environmental and psychological changes experienced
over six months may have been significantly greater than those of veteran em-
ployees, thereby introducing more genuine state fluctuations, which to some
extent reduced the estimated ICC values.

3.3 Effects of demographic characteristics on total scale and dimension
scores

Through invariance testing, differential analysis, and multiple linear regression
analysis, this study found that the HSPS-C20 showed strict measurement invari-
ance across groups by sex, educational level, place of birth, and age. Meanwhile,
the R? values of the regression models were relatively low (0.019-0.036), sug-
gesting that demographic variables could explain only about 1.9%-3.6% of the
variance in HSPS-C20 total and dimension scores. This is similar to common
findings in studies of comparable personality scales, indicating that demographic
variables have limited explanatory power for SPS. However, in the regression
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analysis, place of birth had significant predictive effects on the total score and
multiple dimensions, and educational level also had a significant predictive effect
on AES. These findings also confirm the necessity of using place of birth and ed-
ucational level as key variables in scale adaptation. If these effects are ignored,
subtle differences between groups on the scale may be masked. Future studies
may further include non-demographic variables such as personality, emotions,
and environmental exposure to explore their relationships with SPS.

Regarding sex differences, women scored higher than men on all HSPS-C20 di-
mensions. The effect size Hedges’ g was 0.438-0.617, overall reaching a moderate
level; moreover, this result held under conditions of strict measurement invari-
ance, suggesting that the difference is more likely to reflect true SPS differences
between male and female groups rather than measurement bias, consistent with
conclusions of similar studies in China and abroad !, Although the sex ratio
in the sample of this study was severely imbalanced, IPW sensitivity analysis
based on the marginal probability of sex showed that after correcting for sex
imbalance, the sex effect remained significant, and the regression conclusions
at the HSPS-C20 total-scale level did not change. This indicates that women’
s higher SPS levels show a relatively stable statistical difference, and that sex
composition bias did not substantively affect the conclusions of this study.

The analysis by place of birth showed that the urban group scored slightly
higher than the non-urban group on the HSPS-C20 total score and all dimen-
sion scores. Regression analysis further indicated that place of birth did not have
a statistically significant predictive effect on LST scores (P = 0.056), but had
significant predictive effects on the HSPS-C20 total score, EOE, and AES scores
(P = 0.003, 0.003, 0.006), with relatively small overall effect sizes (8 = 0.061-
0.066; LST was marginally significant, 5 = 0.043). Because most items of the
HSPS-27 mainly target responses and perceptions related to external noise, sen-
sory load, and environmental discomfort, objective differences between urban
and rural environments may be potential factors leading to slight differences
in the scores of the two groups; however, the specific mechanisms remain un-
clear and require further verification in subsequent studies. Since the urban-
rural grouping passed strict measurement invariance testing, the above score
differences represent inherent group trait differences rather than measurement
non-equivalence of the scale, and therefore do not affect the core conclusions
regarding the overall structure of the scale and its cross-population application.
It is worth noting that IPW sensitivity analysis showed that the place-of-birth
effect remained stable after weighting according to the sex ratio, suggesting that
its effect does not completely depend on differences in the sex composition of
the sample. Considering that the proportion of urban participants in the female
sample was relatively high, there may be some degree of structural interaction
between sex and place of birth; however, even after correcting for the sex ratio,
the place-of-birth effect remained significant. This result supports the relatively
independent interpretive significance of place of birth for the HSPS-C20 total-
scale score.
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Because no significant differences were found across educational levels in the
HSPS-C20 total score or dimension scores (P > 0.05), together with the mea-
surement invariance results, differences in educational level did not substantially
interfere with the scale test results. However, in the regression analysis, edu-
cational level had a significant positive predictive effect on AES (8 = 0.052,
P = 0.025), suggesting that slightly higher AES scores were associated with
higher educational level, but the effect was very small and had limited explana-
tory power. At the HSPS-C20 total-scale level, age and educational level did
not reach significance either before or after weighting in the IPW sensitivity
analysis, suggesting that the independent explanatory effects of the two on the
total-scale score were relatively limited. At the dimension level, however, the
judgment of significance for the two was relatively sensitive to sample weighting.

Regarding age, the overall differences in HSPS-C20 total score and dimension
scores among age groups were limited. Only the 18-22-year-old group and the
33-37-year-old group showed significant differences in some dimensions, and in
regression analysis, the effect of age on the total-scale score was

the predictive effect did not reach statistical significance. Regarding the total
HSPS-C20 score, in the IPW sensitivity analysis, neither age nor education
level reached a significant level before or after weighting, suggesting that the
independent explanatory effects of the two variables on the total scale score were
relatively limited. At the dimensional level, however, the significance judgments
for the two variables were comparatively sensitive to sample weighting. It is
worth noting that the mean age of the female sample (28.14 + 6.94) years was
higher than that of the male sample (23.76 + 5.31) years, suggesting that there
may also be a certain association between sex and age. However, because age
had a limited predictive effect at the total-score level and still did not reach
significance after IPW weighting, this association is insufficient to alter the core
conclusions of the study.

3.4 Comparison with Previous Studies

Compared with previous research findings, the present study is applicable to a
broader population. For example, Zhang Yiman et al.

4

rigorously revised the full version of the HSPS-27 and proposed a six-factor
structure, whereas Li Chongyi et al.

5

developed a 12-item ultra-brief scale and established a two-factor structure;
moreover, the conclusion that women have higher SPS levels than men has
remained highly consistent across scales in different samples and versions.
However, the samples differed substantially among studies. Zhang Yiman
et al. mainly recruited 846 participants through online channels, with the
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sample consisting primarily of students and urban online respondents, and with
frontline workers almost absent. Li Chongyi recruited 867 online participants,
among whom the proportion with a junior-college education or below was low,
and the study did not cover a large number of workers who grew up outside
urban settings.

3.5 Research Significance and Scope of Application

This study is the first to rigorously and systematically validate the three-
dimensional bifactor structural model of the HSPS-C20 among the working-age
population in China, thereby expanding the cross-cultural application sce-
narios and population boundaries of SPS theory. It confirms that the
three-dimensional structure of the scale is also applicable among grassroots
populations in non-urban settings and with educational attainment below
junior college, and also verifies that, in the Chinese working-age population,
women have significantly higher SPS levels than men. These findings provide
new empirical evidence for the application of SPS theory in an FEastern
cultural context. Although the age distribution of this sample skewed toward
young adults (18-27 years accounting for 81.3%), the regression analysis
showed that age had no significant predictive effect on the total SPS score
(8 =0.005, P=0.819), and the scale passed the measurement invariance test
across different age groups (ACFI < 0.01), indicating that age bias had a
limited effect on the evaluation of scale performance. The scale showed stable
psychometric properties across age groups from 18 to 58 years.

Therefore, the HSPS-C20 is mainly applicable to China’s working-age population
aged 18-60 years, including employees in various urban and rural enterprises,
community workers, and grassroots laborers. It is especially suitable for psy-
chological screening among populations from non-urban backgrounds and those
with educational attainment below junior college.

3.6 Study Limitations and Future Directions

The limitations of this study are as follows: (1) Data on anxiety, depression,
neuroticism, and other variables were not collected simultaneously; therefore,
criterion-related validity testing is lacking, and the relationships between SPS
and negative emotions as well as psychosomatic symptoms cannot be fully clari-
fied. (2) The retest interval was relatively long, and the likelihood of experienc-
ing life events or environmental changes during the period increased, affecting
the evaluation of the temporal stability of the scale. (3) A balanced sex struc-
ture was not used in sampling. Although the IPW weighting method verified
that sex bias had no substantive influence on the core conclusions of this study,
it still limits the external generalizability of the conclusions.

Therefore, future studies should further use sex as a stratified sampling indica-
tor and systematically and stratifiedly complete follow-up research; supplement
clinical emotional indicators to improve criterion-related validity verification;
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shorten the retest interval to enhance the temporal stability of the scale; com-
bine other-rating scales and objective physiological indicators to compensate for
the limitations of single self-report measures; conduct prospective cohort studies
to verify the long-term predictive value of the scale; and further optimize the
wording of HSPS-C20 items to reduce interference caused by differences in life
background in item comprehension and to improve the scale’ s cross-population
universality.

4 Conclusion

This study is the first to complete the localization revision and psychometric
validation of a high-sensitivity scale among grassroots populations in China,
filling the gap in the application of existing scales, which has been limited to
students, urban populations, or online groups. At the same time, through rig-
orous measurement invariance testing, it compared perceived sensitivity levels
among people of different sex, urban/rural background, and educational attain-
ment, thereby providing a standardized local tool for occupational mental health
screening and follow-up. It also improves the empirical evidence on the trait
of sensitivity to sensory processing among China’ s working population. The
revised Chinese Highly Sensitive Person Scale HSPS-C20 has a stable structure,
good reliability and validity, and clearly described items. It is applicable to the
working-age population in China and can lay a foundation for research on highly
sensitive personality in the general population, serving as an assessment tool for
clinical psychological evaluation, occupational health monitoring, mental health
research, and general-practice medical research.
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