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Development of occupational
health culture scale: A study
based on miners and
construction workers

Xuesong Yang, Xu Zhao, Yuhao Wang and Ruipeng Tong*

School of Emergency Management and Safety Engineering, China University of Mining and
Technology-Beijing, Beijing, China

Culture is an essential influence on effectiveness of workplace health
promotion, which can promote occupational health protection behavior. The
aim of this research was to develop and validate an occupational health
culture scale available to Chinese workers. Occupational health culture scale
(OHCS) was developed based on elements of health culture and safety
culture in workplace. Nine techniques steps of scale development were used,
including a 15-member expert group, 10 workers for cognitive interview,
and 1,119 questionnaires (from 710 miners and 409 construction workers)
for formal investigation. Welch's variance analysis, independent samples
t-test, Kruskal-Wallis test, Spearman correlation analysis was employed,
respectively, to verified nine hypotheses about impact relationship on OHCS
score. After the analysis reliability and validity, the final scale consisted of
21 items in five domains: leadership support, co-workers support, values,
policy and norms, employee involvement, physical environment. Moreover,
respirable dust concentration from individual sampler had the largest negative
correlation coefficient on OHCS score, —0.469 (p < 0.01). The development
of an occupational health culture among Chinese workers is necessary
for the sustainability of human resources and the implementation of
corporate responsibility.

occupational health, scale development, culture, workplace contamination,
reliability, validity

Introduction

With 160 million new cases of work-related diseases worldwide each year, the
long-term loss of human resources from unhealthy workplaces is a daunting challenge
for governments (1). Hazards generated in the production process, such as dust,
noise, volatile organic compounds (VOCs), is the focus of cleaner production,
resulting in the burden of disease and economic losses (2). Long-term occupational
exposures may develop many diseases, especially those caused by respiratory exposure
to occupational hazards, have a high correlation with attributable deaths (3).
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The burden of disease from occupational carcinogens in China
increased significantly from 1990 to 2017 (4). Even if workers
release their jobs, they still have a high occupational health
risk because the health damage of occupational health hazards
to workers is chronic and cumulative (5, 6). If there is the
lack of effective health protection, and that would cause long-
term, irreversible health damage to workers. The management
of occupational health is carried out within the framework
of the occupational health and safety management system
(OHSMS). Because of the non-specific nature of OHSMSs,
vague definition and wide range of applications, there are no
operational measures in the actual management of occupational
health (7). The occupational health management component of
the OHSMS, however, seems to have stagnated (8). Also, for
the health of worker, employer support is needed to complete
the implementation of worker health monitoring, but most
employers are not positive toward workers™ health surveillance
(WHS) (9).

Workplace is considered an excellent place for health
promotion because employees work almost half of the entire life,
which is a good place for preventing chronic diseases, mental
illnesses, and improving unhealthy lifestyles (10). Advocacy
of health-protective behaviors and health interventions in
the workplace further influence families and communities by
employees and employers, creating an attendant effect that
reduces health care costs for society as well as fulfilling corporate
social responsibility (CSR) (11, 12). Culture is an essential
influence on the implementation of health promotion initiatives,
and a supportive culture can increase the effectiveness of
workplace health promotion, particularly in achieving lasting
goals of reducing population health risks (13, 14). Culture is
an abstract concept, and research focus on its influence on
values, attitudes, beliefs, and behaviors, among other things,
and so it is with culture of health. Organizational culture is the
shared values, beliefs or perceptions held by employees within
an organization, and is necessary for the future competition
of the industries which have a dominant risk-averse mindset,
like mining industry (15, 16). Evidence suggests that health
promotion programs that incorporate more cultural elements
into their strategies reduce health risks of employee by 5% per
year, which is 2.5 times higher than health promotion programs
that do not include cultural elements (17). Purposeful design is a
crucial point to creating and maintaining a healthy workplace
culture (18). If a conception of occupational health culture
(OHC) was proposed, there should be clarification of the vision
and the elements.

For workplaces with high health risk, in addition to
mandatory occupational health precautions by employers, some
other interventions should be considered to reduce the health
damage caused by occupational hazards. If protective behaviors
of occupational health are expected to be reinforced, OHC
is inevitably an intervention way. Therefore, the purpose of
this study is to develop and validate an occupational health
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culture scale (OHCS), which to quantify individual-level scores
on perceptions of organization’s OHC and preliminarily explore
factors influencing individual OHCS perception scores.

Literature review

Organizational health culture

There are many definitions of organizational culture or
corporate culture, Schein (19, 20) distinguishes basic levels
of organizational culture, observable artifacts, values, basic
underlying assumptions, culture that can be studied espoused,
and documented culture elements through investigation. Thus,
organizational culture is expressed through the shared values,
beliefs, or perceptions held by employees within an organization
or organizational unit (15). Culture is formed spontaneously
among people and so do in organizations, with internal stability
and a tendency to change (21, 22). Organizational culture is
considered to be the “glue or a linking pin” between people
and the organization, as well as a phenomenon that reflects the
learning processes, and activities of competence building are
phenomena (23). It has a positive tendency to change employee
behavior, especially health and safety behavior, and is effective
in various organizational accidents (15, 24, 25). A workplace
health culture, which can be viewed as the wellness culture of the
organization to which it belongs, is a sub-aspect, or sub-culture,
of wellness, and it is in the interest of the employer to foster a
sub-culture that promotes wellness (26). Therefore, the safety
culture and health culture of the organization are developed as
subcultures in the organization.

Research on the culture of health in the workplace began
earlier in developed economies and is still dominating, especially
in North America and Europe. The Health Enhancement
Research Organization (HERO) established the Culture of
Health Research Committee in 2013 in the United States to
identify key elements and conceptual frameworks for a culture
of health, defining a list of 24 elements that are relevant to all
types of workplaces (18). Golaszewski et al. (27) developed a
workplace health culture scale based on Allen’s Lifegain Health
Culture Audit (LHCA) to assess the impact of health culture
in five dimensions (28, 29). Aldana et al. (30), on the basis
of the HERO Scorecard, argued that culture change needs to
launch in five aspects. The CDC viewed a culture of health as
a work environment that promotes employee safety and health,
without mentioning the processes and mechanisms by which the
environment affects employees, which is precisely the important
part of a workplace culture of health (13, 31). Safeer and Allen
(13) summarized six primary and overlapping spheres of culture
influence, incorporating lists presented by the Wellness Councils
of America, the Health Enhancement Research Organization
(HERO), and the CDC. Researchers have almost always focused
on elements such as values, norms, and climate, with adaptations
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in presentation. Kent et al. (32) and Kwon et al. (33) focused on
the distinction between the influence of top leaders, managers,
and individuals, arguing that the key elements that promote a
healthy culture are leadership commitment, social and physical
environmental support, and employee engagement.

Organizational safety culture

Safety culture has been mentioned in the course of
research on organizational health culture, for example, paying
attention to what can be learned from safety culture, which
has been conducted in a more mature and systematic
manner (34, 35). Some of the researches on the definition
of safety culture included health culture (36, 37); there are
also definitions of health culture that suggested that safety
culture as a component of health culture may be a fruitful
direction for research (13, 38). As can be seen, safety
culture and health culture, in organizations, appear to be
two parallel subcomponents of organizational culture and are
two overlapping and controversial concepts. In some high-
risk industries, safety culture (or health culture) completely
dominates the organizational culture, but cannot be separated
from it, as there are similar concepts and both focus on the way
people think and behave in terms of safety (or health) to varying
degrees (38). A people-centric culture enhanced organizational
safety maturity, leading to brilliant safety performance (39).

However, few studies have been conducted on special
workplace that specialize in health culture or health promotion.
On the contrary, there is a lot of research on safety culture in
high-risk workplace, focusing on accident prevention because
safety culture was considered as an effective means to prevent
accidents (36, 40-42). Therefore, in designing an OHC, it
is necessary to make reference to safety culture. Fu's (43)
team added seven elements to the 25 safety culture indicators
proposed by Stewart (44) to form a 32-element safety culture
measurement scale, and the content of the safety culture was
significantly modified to fit the Chinese cultural context.

Occupational health culture

In China, some researchers have tried to develop workplace
health culture scales, for example, Chang et al. (34, 45)
developed the workplace health culture scale in Taiwan and
has incorporated it into the implementation of workplace
health promotion; Jia et al. (46, 47) has also developed a
workplace health culture scale for China, showing application of
it. However, little attention has been paid to current workplace
health culture research for workers exposed to occupational
hazards, such as dust, VOCs, noise. A culture of health is a key
element in the success of health promotion implementation, and
the prevention of occupational diseases should be considered

Frontiersin Public Health

03

10.3389/fpubh.2022.992515

in the context of health promotion (32). For workers exposed
to well-defined occupational hazards, especially in developing
countries, it is necessary to develop OHC that can avoid health
damage. China is currently experiencing a dramatic increase in
the number of patients with occupational-related diseases.

On the basis of Jia et al. (48) and Chang et al. (34)
who developed workplace culture scales in the Chinese,
this paper considered the “shared beliefs and behaviors,
the core of the culture, emphasized by Safeer and Allen
(13). In addition, research of Fu (43) on occupational
safety culture in China will be integrated into this OHC.
Because, according to Fu’s conclusions, it can be argued
that an excellent OHC can influence an organization to pay
attention to employees’ occupational health, establish a sound
occupational health management system, and then reduce
employees’ health risks in terms of technologies, employee
health management, and financial investment. Since 2007, Fu’
team have conducted a survey of 82 companies in China
with 4,368 employees to measure the safety culture of the
company (49). There are also many similarities between Fu’s
safety culture elements and the Culture of Health Research
Committee’s health culture elements, such as both mentioning
participation, communication, training, as shown in the
Supplementary Table 1. Therefore, our OHCS not only draws
from the Culture of Health Research Committee’s workplace
health culture elements, but also considers the safety culture
elements proposed by Fu.

The workplace OHC we initiated is different from other
studies that called “workplace culture of health (CoH),
“workplace health culture) and “healthy worksite culture.”
However, the core ideas and essence are similar. OHC in
this study is a directive to occupational health promotion
for numerous existences of occupational hazards, which
to  China’s Through
literature analysis, six domains were generated as following:
occupational health (1) leadership support (OHLS), (2) co-
workers support (OHCWS), (3) values (OHV), (5) policy
and norms (OHPN), (6) employee involvement (OHEI),
(OHPE). The
applications of each domain were found in the literatures
(13, 27, 30, 32-34, 50, 51), and then we created preliminary
OHC definitions by deductive and inductive methods as shown

corresponds current requirements.

(7) physical environment definitions or

in Supplementary Table 2.

Materials and methods

For the OHCS development technique, we learned
from Boateng et al. (52) for the nine steps of the scale
development practices, and also used the common methods
in item generation, theoretical analysis, and psychological
analysis as reviewed by Morgado et al. (53). In addition, we
selected workers investigated from two different organizations
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FIGURE 1
The technical flowchart of scale development of occupational
health culture.

for pre-test, evaluation and confirmation. The technical
flowchart of scale development for this study is shown in the
Figure 1.

Design of the scale

Generation of items

Fifty-seven items were initially designed. All of items
reflect the cognitive level of OHC through the employee’s
perceptions. The subject of the items is usually expressed as
“I” or “We, and “We” refers to “I and my co-workers.” A
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5-point Likert scale was used to assign and score each item,
named from “strongly disagree” to “strongly agree.” In these
six domains: there were 11 items in OHLS, containing two
aspects, senior leaders and supervisors, leadership commitment,
leadership responsibility, and supervisors interaction with
workers; OHCWS contained nine items, representing attitudes,
assistance, and supervision of occupational health promotion
among workers; OHV contained eight items, consisting of
shared values and personal values; OHPN contained 12
items, including employees’ formal or informal attitudes and
behaviors toward the company’s occupational health policies,
management, systems; OHEI contained nine items, including
engagement in cleaner production programs, promotion
activities, utilization healthy resources; there were eight
items available in OHPE, representing employee views on
occupational hazards in the work environment and protection
against them (Supplementary Table 3).

Optimization of items

We established a group of fifteen experts including health
promotion, occupational disease prevention, safety culture with
experience in scale development, industrial hygiene engineers,
occupational health physician, OHS managers with more than
10 years of experience. Experts were asked to test the content
validity of our initial items. And then, in pre-test phase,
we used the cognitive interview method, which is also the
recommended method for scale development (52, 54). We
randomly selected 10 workers from the target sample, discussed
the preliminary scale with them. In this process, our researchers
followed the whole course of answering the questions and
recorded respondents’ experience to obtain their thoughts about
answering the questions and suggestions for the items. This

process was similar to a semi-structured interview.

Samples

Mining and construction industries were selected by this
paper, because they are the industries of concern in China
with serious occupational health hazards (55, 56). And also,
our research team has long-term and deep research cooperation
about OHS project with some large companies in these two
industries. In 2020, the research team conducted a project
called “Innovation Program for Occupational Safety and
Health Management Model” with a large mining company in
China. And in 2021, the research team launched a project
called “Standardization of Occupational Health Management
in Construction Projects” with a regional company of a large
real estate group in China. As a result of the support, the
respondents were from these two companies. There are two
studies (study 1 and study 2) in this paper were carried out for
development and validation of the scale. The company in study
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1 was a copper mine located in northwest China, where 750
questionnaires were distributed on site and 732 questionnaires
were collected, with 710 valid questionnaires. Study 2 was
conducted in a construction company located in southwest
China. We returned 438 questionnaires from 450 ones, but 409
questionnaires were completed.

Statistical analysis

Prior to factor inter-item and item-

total
common technique used to

analysis,
all
item deletion or

correlations were estimated for items, a
support
modification. This is the domain of classical test theory

(CTT) (52).

Factor analysis

In the exploratory factor analysis, principal component
factor analysis with the varimax rotation eigenvalue criterion
>1.0 were employed detect the latent variable. Before identifying
the latent variables, we confirmed the feasibility of factor
analysis by using Kaiser-Meyer-Olkin (KMO) test and Bartlett’s
sphericity test. Usually, KMO > 0.8 and significance (P-
value) of Bartletts sphericity test <0.01 are suitable for
factor analysis. Next, the factor loadings and cross-loading
of items were obtained by component matrix after rotation.
Items with factor loadings >0.5 and cross-loadings <0.5 were
considered (57). Each potential factor should contain more than
three items.

After completing the exploratory factor analysis, a
conceptual model was constructed and a confirmation factor
analysis was performed for factor structure. The factors should
be considered as latent variables of common influence with
each other.

We identified and confirmed the model fit by the absolute fit
index and the relative fit index. Absolute fit index contains: Chi-
square/degree of freedom (x2/df), goodness-of-fit index (GFI),
adjusted for the model’s degrees of freedom (AGFI), root mean
square error of approximation (RMSEA), standardized root
mean square residual (SRMR). And relative fit index contains:
normal fit index (NFI), incremental fit index (IFI), Tucker-Lewis
Index (TLI), comparative fit index (CFI). Their criterions are
available in Supplementary Table 4. Both IBM SPSS 24.0 and
IBM AMOS 25.0 were used to complete the factor analysis. In
addition, the convergent validity is expressed by the average
variance extracted (AVE), and AVE > 0.5 indicates acceptable
convergence. The Cronbach’s alpha coefficient is usually used
to characterize internal consistency of the scale items, with a
value between 0 and 1, and the larger the value, the higher
the reliability, which 0.70 is as an acceptable threshold. The
composite reliability (CR) value >0.70 represents an appropriate
construct reliability.
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Confirmation of the validity and reliability of
the OHCS

Furthermore, factor structure developed through the factor
analysis in study 1 was used to confirm the reliability and validity
of the upgraded scale. Therefore, study 2 was initiated and
we selected another sample from company B (a construction
company) with 409 construction workers to complete the
OHCS. In study 2, absolute fit index, relative fit index, AVE,
Cronbach’s o, and CR were analyzed once more.

Correlation analysis between OHC and
personal factor

We proposed nine hypotheses and test whether there
were significant differences in the demographic characteristics
of the respondents’ perceptions of OHC in study 1 and
study 2 (Figure2). To validate H7 to H9, we consulted
inspection reports of occupational hazards for the copper
mine from 2015 to 2020. For occupational hazards exposure
amount, we used time-weighted averages for comparative
analysis because underground workers in different jobs
spend different amounts of time. For dust concentration,
we obtained total dust, respiratory dust measured at
fixed monitoring points and respiratory dust measured
by individual samplers. Noise analyzer measure the noise
value at fixed measure point of workplace, and illumination
intensity measured by illuminance meter at fixed monitoring
points. IBM SPSS 24.0 software was used to perform the
operations of hypothesis testing. The monitoring data
was measured and reported by independent third-party
the which

occupational health service providers and have official

organizations commissioned by mine, are
certification in China. Occupational hazards are detected and
analyzed using the corresponding Chinese official standard,
as following:

“Determination of dust in the air of workplace Part 1: Total
dust concentration [GBZ/T 192.1-2007]”, “Determination of
dust in the air of workplace Part 2: Respirable dust concentration
[GBZ/T 192.2-2007]”, “Measurement of Physical Agents in
Workplace Part 8: Noise [GBZ/T189.8-2007]”, “Measurement
methods for lighting [GB/T 5700-2008]”.

The

research was the early August for each year from 2015

inspecting period for the data used in this

to 2020, obtained from the mining company files. The
inspection results could not all be matched to our OHCS
We
magazine duty room, ore porter duty room, crushing

respondents. selected eight workplaces: explosives
chamber, belt station, filling station, support worksite,
machine shop, and drilling worksite. In addition, it is assumed
that the jobs in these eight sites are explosive magazine

administrators, ore porters, crushers, transport belt miners,
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drillers. Data from measurement points were selected for each
workplace, and were averaged over the 6 years from 2015
to 2020.

Results

Content validity and pre-testing

The content validity test and pretest were conducted
simultaneously. In the content validity assessment, eight
items were removed according to the experts’ consistent
recommendations and expert voting, all of which were
of poor fitness with the scale objectives, less importance,
and strong similarity with other items. In addition,
through the cognitive interview, we modified the items
with poor representation, using a formulation more
conducive to workers understanding, without changing
the content of items. We also removed three items that
most workers (eight out of ten) agreed were invalid, or
items that were difficult to answer. Finally, six domains
with a total of 46 items were identified (as shown in

Supplementary Table 5).
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In study I, the respondents were underground frontline
Fifteen
underground job types were included, and Table 1 shows

miners, and therefore, all of them was male.
the demographic information of the miner respondents in
study 1. Table 1 also shows the demographic information of 409
construction workers in study 2, which also contains the job
types, age, education, monthly income, and length of work.

The classification of job types in our study is mainly based
on the staffing table of labor positions in the two companies.
Information on copper mine jobs comes from company
documents, as well as from local standards or industry standards
in China. The job classification of construction workers mainly
comes from the catalog of job types in the housing and urban-
rural construction industry issued by the Chinese Ministry of
Housing and Urban-Rural Development of the People’s Republic
of China.

Reliability and exploratory factor analysis

The first exploratory factor analysis yielded 12 latent
variables with eigenvalues >1, accounting for 73.9% of the total
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TABLE 1 Demographic information of the respondents in study 1 and study 2.

Variable Study 1: Number

(Proportion, %) (Proportion, %)
Age
18 ~ 30 9(1.27) 5(1.22)
31~ 40 231 (32.54) 53 (12.96)
41 ~ 50 394 (55.49) 185 (45.23)
51 ~ 60 75 (10.56) 132 (32.27)
>60 1(0.14) 34 (8.31)
Education level
Primary school or below 12 (1.69) -
Junior high school 298 (41.97) 122 (29.83)
High school or technical 286 (40.28) 235 (57.46)
secondary school
Junior college 106 (14.93) 49 (11.98)
Bachelor or above 8(1.13) 3(0.73)
Month income (RMB)
<5,000 - -
5,000 ~ 7,000 - 13 (3.81)
7,000 ~ 9,000 114 (16.06) 154 (37.65)
9,000 ~ 11,000 312 (43.94) 153 (37.41)
>11,000 284 (40) 89 (21.76)
Length of work (year)
<5 109 (15.35) 17 (4.16)
6~10 319 (44.93) 82 (20.05)
11~15 256 (36.06) 259 (63.33)
16 ~ 20 24 (3.38) 51(12.47)
>20 2(0.28) -

Study 2: Number Variable

10.3389/fpubh.2022.992515

Study 1: Number
(Proportion, %)

Study 2: Number
(Proportion, %)

Job type of miners

Safety officer (SO) 38 (5.35) -
Foreman 62 (8.73) -
Blaster 21 (2.96) -
Filling worker (FW) 105 (14.79) -
Ore porter (OP) 93 (13.10) -
Electric locomotive operator 8(1.13) -
(ELO)

Loading miners (LM) 18 (2.54) -
Machine repairer (MR) 18 (2.54) -
Hoist engine operator (HEO) 8(1.13) -
Transport belt miner (TBM) 34 (4.79) -
Crusher 78 (10.99) -
Signaling miner (SM) 30 (4.23) -
Rock driller (RD) 134 (18.87) -
Explosive magazine 10 (1.41) -
administrator (EMA)

Support miner (SUM) 53(7.47) -

Job type of construction workers

Polisher - 35 (8.56)
Electric welder (EW) - 38(9.29)
Plumber - 74 (18.09)
Concrete worker (COW) - 56 (13.69)
Equipment installer (EQI) - 35 (8.56)
Scaffolder - 33 (8.07)
Carpentry - 34 (8.31)
Bricklayer - 49 (11.98)
Stoneworker - 10 (2.45)
Decoration workers (DW) - 45 (11)

variance. The KMO test for sampling adequacy was 0.924, and
the Bartlett test for sphericity was highly significant (p < 0.001).
By observing the inter-item and item-total correlations of forty-
six items, we eliminated items with correlation coeflicients <0.5.
Therefore, twenty-two items with poor inter-item and item-total
correlations were eliminated, in which the items in OHCWS
were significantly uncorrelated with the performance of other
dimensional items, so the domain of co-worker support was
removed. In the factor loadings and cross-loadings, one item in
OHPE, one item in OHEI, and three items in PN formed a latent
variable which the factor loadings were >0.5, but with poor
inter-item and item-total correlations, thereby removing this
factor. Finally, twenty-four items with five domains remained,
with a total variance of 81.92%.
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Confirmatory factor analysis

Confirmation factor analysis of study 1
Confirmatory factor analysis was employed to analyze the
degree of fit between the observed data and the conceptual
model according to the respondent data from study I.
Specifically, the invisible latent variables obtained by observing
the Likert scores of each item in the screened scale with
five domains, namely, OHLS, OHV, OHPN, OHEI, OHPE.
In order to verify the rationality and accuracy of this
five-factor model, we designed six hypothetical competing
models to compare with our ideal model (58), as shown
in Figure 3. The results showed that the fit of the five-
factor model is much better than the other models, as
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Model 7 ( Occupational health culture )
FIGURE 3
Seven factor model occupational health culture.

TABLE 2 Main fitness indicators of the OHC factor model.

Models X2 df x2/df  GFI AGFI
Model 1 1,035.379 242 4.278 0.889 0.863
Model 2 4,308.403 246 17.514 0.592 0.503
Model 3 3,408.788 246 13.857 0.672 0.601
Model 4 6,676.347 249 26.813 0.489 0.384
Model 5 6,483.527 249 26.038 0.481 0.375
Model 6 8,338.897 251 33.223 0.401 0.285
Model 7 9,909.91 252 39.325 0.369 0.249
Modified model 1 657.093 179 3.671 0.918 0.894

shown in the Table 2. The fit indexes of five-factor model
were acceptable.

We modified the five-factor model according to
modification index (M.I.) value. Item OHV5, OHPNS3,
and OHPES5, were excluded after three times of correction,
until the fitting indexes did not improve significantly, as
shown in Table 2. The ultimate questionnaire containing 21
items was proposed (as shown in Supplementary Table 6). For
modified models, the Cronbach alpha coefficient and CR of
each factor exceeded the threshold of 0.70, and the corrected
item-to-total correlations were all >0.5, meaning good internal
consistency reliability (Table 3). The square root of AVE exceeds
the factor correlation, and thus presenting great convergent and
discriminant validity, as shown in the Table 4.

Confirmation factor analysis of study 2

In study 2, we revalidated the reliability and validity of
the scale, the relevant data of which are presented in the
Supplementary Tables 7, 8. Great convergent and discriminant
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NFI IFI TLI CFI RMSEA SRMR
0.944 0.956 0.95 0.936 0.068 0.0371
0.766 0.777 0.749 0.776 0.153 0.1111
0.815 0.826 0.805 0.826 0.135 0.1104
0.638 0.647 0.608 0.646 0.191 0.1544
0.648 0.657 0.62 0.657 0.188 0.1332
0.548 0.555 0.511 0.555 0.213 0.1307
0.463 0.469 0.418 0.468 0.232 0.1396
0.959 0.97 0.964 0.97 0.061 0.0342

validity were also available in study 2. The CR value of each
factor was >0.8, and the Cronbach’s alpha coefficient was 0.952,
which proved to have good internal consistency. In addition,
OHCS had satisfactory fit indexes in study 2: x 2/df = 3.525, NFI
=0.931, IFI = 0.95, TLI = 0.941, CFI = 0.949, RMSEA = 0.079,
and SRMR = 0.0393, thus confirming the construct validity of
the scale.

Hypothetical test

By conducting test of variance on the two samples,
it was found that the group for age, education level,
month income, and length of work did not satisfy the
assumption of homogeneity, Welch’s variance analysis and
Tamhanes post-hoc comparison were used. The results of
the differences in individual demographic characteristics
of the OHCS scores of 1,119 respondents are shown
the Supplementary Table 9 and were used
hypotheses H1-H4.

in to test
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TABLE 3 Factor loading results for the 21 items in study 1.

10.3389/fpubh.2022.992515

Domains Items Corrected  Cronbach’s Factor loadings CR AVE Total
item-to-total o explained
correlation variance (%)
1 2 3 4 5
Leadership support LS3 0.658 0.949 0.883 0.929 0.726 20.48
LS4 0.693 0.872
LS8 0.700 0.878
LS9 0.683 0.897
LS10 0.584 0.716
Values A\ 0.653 0.945 0.86 0.883 0.715 12.53
V4 0.662 0.845
v7 0.690 0.832
Policy and norms PN4 0.717 0.943 0.839 0.916 0.685 19.49
PN5 0.623 0.858
PN8 0.661 0.769
PN9 0.742 0.814
PN11 0.723 0.854
Employee involvement EI5 0.583 0.941 0.843 0.921 0.744 16.6
El6 0.603 0.888
EI7 0.685 0.856
EI9 0.593 0.863
Physical environment PE1 0.548 0.901 0.729 0.869 0.628 14.51
PE4 0.660 0.738
PE6 0.690 0.836
PE7 0.694 0.851
TABLE 4 Correlations between factor structures in study 1.
OHV OHLS OHPN OHEI OHPE
OHV -
OHLS 0.3997* -
OHPN 0.594*+* 0.52%** -
OHEI 0.52%** 0.433*** 0.486*** -
OHPE 0.532%** 0.564*** 0.54%* 0.43*** -
Square root of AVE 0.846 0.852 0.828 0.863 0.792
P < 0.001.

The positive association between higher age group and
OHCS scores was not significant, but rather the OHCS scores
of respondents in the two groups aged 18-30 and 60 years
were higher than those aged 31-60 years. There were significant
positive association of higher education level and higher
month income with OHCS scores in the results. Moreover, the
significance of the positive correlation between higher length
of work on OHCS scores was not obvious. Hypothesis H2, H3,
H4 were confirmed. An independent samples ¢-test of the OHC
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scores of study 1 and study 2, that were, OHCS scores of miners
and construction workers, revealed that there were significant
differences in OHCS scores of miners and construction workers
in terms of OHCS mean scores, supporting hypothesis HS5, as
shown in Figure 4. The Kruskal-Wallis test for the fifteen job
types in study 1 showed significant results (p < 0.001), indicating
that the OHCS scores were significantly different among the
miner job types (Figure 5A). Similarly, we conducted Kruskal-
Wallis tests for the ten job types in study 2 and the results were
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FIGURE 4
Analysis of the difference in OHCS scores between miners and construction workers. TAS-M, total average occupational health scale scores of
miners; TAS-C, total average occupational health scale scores of construction workers. ***P < 0.001, **P < 0.01.

significant (p < 0.001), as shown in Figure 5B, which confirmed
the hypothesis H6.

The OHCS score was significantly correlated with exposure
to dust, noise, and illumination by Spearman correlation analysis
(p < 0.05), shown as Supplementary Table 10. Figures 6A-E
shows the distribution of OHCS scores and exposure of total
dust, respirable dust, individual respirable dust, noise value,
and illumination as well as their correlation. Although miners’
OHCS scores statistically negatively associated with exposure
concentration of total dust and respiratory dust, the correlation
coeflicients were relatively low, as shown in Figures 6A,B.
The highest correlation coefficient between respiratory dust
concentration obtained from individual sampler and OHCS
score, supported hypothesis H7 (Figure 6C). The correlation
between noise values and OHCS scores was 0.212 (p <
0.01), indicating that the noisier the workplace, the higher
the workers’ OHCS scores are likely to be, so hypothesis H8
was not valid (Figure 6D). It is noteworthy that illumination
has a significant negative correlation with OHCS score with a
correlation coefficient of —0.369 (p < 0.01), so hypothesis H9
was also not valid (Figure 6E).
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Discussion

Explanation of this scale

Currently there are two ways of developing workplace health
culture scales: 1) to confirm the reliability and validity of the
scale by a large survey sample (N > 2,000), discriminant validity
among several organizations was tested (34), or to confirm the
criterion validity of the newly developed scale through another
similar and developed scale (27); the other is Kwon’s method
containing two studies that the first study to assess the reliability
and validity of the scale, and the second study to confirm the
reliability and validity of final scale (33). For this paper, we
mainly refer to Kwon’s method, that is, dividing the two samples
into study 1 (N = 710) and study 2 (N = 409), and subsequently
combining the two studies to verify the differential validity of the
scale by two industries. With two groups of frontline workers
from two industries respectively, this allows for preliminary
evidence of the applicability of the newly developed scale when
used across fields. DeVellis argues that sample size should be
as large as possible for representations of factor stability, but
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most studies of scale development have not adopted a consistent
standard, although more researchers accept that sample size to
item ratio is >10:1 (53, 59).

The scale contains 5 domains and 21 items, all of which
can be grouped into the original domain. However, there were
6 domains in original generation, and we removed “Co-worker
Support” because all items in this domain were poorly relevant
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to the total. In addition, the other five domains can express the
relationship among co-workers to some extent, because some
items use “we” as the first subject, referring to my common
perception with colleagues. In the prevention of occupational
diseases, organizational ownership and support are crucial. The
mutual support among co-workers may be more closely related
to lifestyle. However, as we learned to some extent during our
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research, interactions among workers are not easily captured in
terms of occupational health protection because all of them are
only expected to comply with the organization’s management.

Limitations

(1) OHC should be widely available in all workplaces in
China’s manufacturing industry. Although respondents in this
research belong to the high occupational health risk group due
to exposing to occupational hazards, it is difficult to confirm
whether this scale is representative. In addition, even as copper
producers, large producers have a long-term policy on OHS
strategies, including developing culture, whereas small and
medium enterprises (SMEs) paid attention to solving ad-hoc and
short-term issues (60). Company size could lead to differences in
the way employees and employer approach occupational health
culture. Therefore, we need to include more industries and
companies in next work and keep improving the OHCS scale.

(2) The respondents were entirely male because the
construction and mining industries, especially the front-line
production workers, are male-dominated. The more male-
dominated occupational groups, the lower the scores of health
literacy in the workplace (61). However, this may yield bias
in the reliability and validity of scale. Attributable burden
for occupational risks in China was higher in males than
in females (4), especially occupational pneumoconiosis (62).
Several research have found no significant gender differences
in workplace health culture score, and differences exist in
occupational health attitudes and occupational health protective
behaviors (27, 46, 63). We believe that women workers as a
large group of workers should be taken into consideration next,
especially in the light industry.

(3) There is no reliable assessment tool and data for assessing
the level of contamination in the workplace environment
in China. The relationship between the effects of noise and
illumination on miners’ OHCS was unexpected. This is because
noise and illumination have a significant effect on workers’
physical and mental health (64-66). It is unclear whether the
method is biased or this is the real situation. Within the
occupational risk perception of workers, the risk tolerance is
higher due to the poor health literacy (67, 68). We need to
develop a more accurate tool to assess the physical environment
and workers’ attitudes toward occupational health risks.

Suggestions

(1) For construction workers and miners, OHCS scores
are lower from the ages of 31-40, and occupational health
training should be enhanced for workers in this age group,
who are in their prime and easily overlook potential health
risks. To improve their occupational health literacy level through
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education and cultural inculcation during the important period
of occupational disease prevention. In addition, as age and
length of work increase, OHCS scores do not improve as
significantly as expected, so we suggest that occupational health
education should be provided continuously to workers on an
ongoing basis, not just at the enters the duty initial period.

(2) Variety of job may have a great impact on OHCS
perception scores due to different personal factors and the
level of occupational hazard contamination in the workplace.
Precise targeted education interventions to occupational health
can be provided to workers according to their job type and
occupational hazards they are exposed to. For some hazards
where the perception of occupational hazards is not obvious,
such as noise and illumination, improve workers’ risk perception
and prevention for them.

(3) The results of the study showed that a significant
negative correlation between the respirable dust concentration
from individual sampler and the OHCS scores of miners
(—0.469**). The portable individual dust sampler can measure
respirable dust concentrations that workers are exposed to more
accurately, as they can be responded to laterally through OHCS.
Therefore, strengthening individual occupational hazards
monitoring, by combining objective individual exposure data
and subjective individual perception, can more accurately
measure the exposure of workers, while data from samplers
installed at fixed measurement points in workplace can be used
as a reference for exposure values.

(4) The Chinese government is implementing a program

»

“Healthy Enterprise Development,” in which the development
of a workplace health culture is a priority, and the protection
of workers’ occupational health should be a primary objective.
OHC is a long-term project that needs to be better integrated
with the organizational culture. The regulatory authorities
should form policies and regulations that can be relied on,
and develop specific health culture performance according to
the characteristics of the industry. This scale is a measurement
tool for individual-level occupational health culture perception
score, and should be used in conjunction with organizational-
level OHC to form a comprehensive organizational OHC
evaluation system.

Conclusion

(1) This paper initiated the occupational health culture
in China and the scale model’s confirmation factor analysis
yielded acceptable results, indicating great reliability and validity
of the scale. Preliminary applications were conducted in two
industries with high occupational health risks, with differential
analysis of the OHCS scores of miners and construction workers,
which validated the applicability of the scale. The five domains
of the OHCS scale and the design of the 21 items a, are
in accordance with the Chinese cultural background and the
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way of occupational health management, which to some extent
indicates the generality and extensibility of this scale.

(2) In this study, the differences in OHCS scores at the
individual level were analyzed in terms of personal factors (age,
education level, month income, and length of work), industry,
type of job, and degree of contamination from occupational
hazards at the job, respectively. The results of individual
respiratory dust sampling by miners showed that individual
respiratory dust exposure of miners had the largest negative
correlation effect on OHCS scores, compared to the total
dust and respiratory dust concentrations at fixed monitoring
sites in the workplace. This result provides evidence for
mining companies to strengthen individual miners’ respiratory
dust protection and for developing OHC in different types
of companies.

(3) This scale is designed to better respond to and assess
OHC aiming to providing the driving force for occupational
health promotion in China, which is also the demand of China’s
large workforce and the government’s goals. By developing
an OHC, it can benefit more workers, which is conducive to

>«

the implementation of the Chinese government’s “Occupational

Health Protection Initiative” and the promotion of the “Healthy
Enterprise Development.”
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