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Abstract.
BACKGROUND: While a considerable body of research has studied safety climate and its role as a leading indicator of
organizational safety, much of this work has been conducted with Western manufacturing samples.
OBJECTIVE: The current study puts emphasis on the cross-validation of a safety climate model in the non-Western industrial
context of Iranian petrochemical industries.
METHODS: The current study was performed in one petrochemical company in Iran. The scale was developed through
conducting a literature review followed by a qualitative study with expert participation. After performing a screening process,
the initial number of items on the scale was reduced to 68.
RESULTS: Ten dimensions (including management commitment, workers’ empowerment, communication, blame culture,
safety training, job satisfaction, interpersonal relationship, supervision, continuous improvement, and reward system) together
with 37 items were extracted from the exploratory factor analysis (EFA) to measure safety climate. Acceptable ranges of
internal consistency statistics for the sub-scales were observed. Confirmatory factor analysis (CFA) confirmed the construct
validity of the developed safety climate scale for the petrochemical industry workers. The results of reliability showed that
the Cronbach’s alpha coefficient for the designed scale was 0.94. The ICC was obtained 0.92.
CONCLUSION: This study created a valid and reliable scale for measuring safety climate in petrochemical industries.

Keywords: Organizational factors, scale development, leading indicator
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1. Introduction

Accidents such as Bhopal and Chernobyl showed
that organizational factors play an important role in
the accident sequence. The impact of organizational
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factors on occupational accidents has been studied
in recent years [1–4]. Gonçalves (2012) found that
35–40% of the factors related to the occupational
accidents are organizational [5]. Amparo and Alistair
(2002) found that these factors could be considered as
determining factors in preventing occupational acci-
dents [6]. In occupational safety climate assessments,
several safety climate studies showed that organiza-
tional factors as predictors of accident occurrence and
leading safety performance indicators [7–9]. There is
a considerable need to develop a scale for describing
and categorizing these factors, in order to study their
impact on safety in petrochemical industries.

1.1. Safety climate dimensions

A number of dimensions of safety climate have
been identified in the literature. The following aspects
were selected based on their frequent presence in
safety climate studies in addition to evidence indi-
cating their importance in predicting safe behavior.

Management commitment is one key aspect of
safety climate demonstrating positive and support-
ive attitudes of top management towards safety
[10, 11]. Management commitment and participation
have been addressed in various studies of occupa-
tional accidents and safe behaviors. In their study,
Smith and Cohen (1978), concluded that companies
with low accident rates have higher levels of man-
agement commitment towards safety, compared to
the companies with high accident rates [12]. In many
different studies, it has also been illustrated that man-
agement commitment has an impact on behaviors
related to employees’ job satisfaction, organizational
commitment, and job performance [13]. In addition
to the commitment, management participation is also
an essential issue.

Findings of a study by HSE indicate that workers’
empowerment is important [14, 15]. The study con-
cluded that companies that were seeking to make their
safety management systems more efficient regarded
involving their employees as the preferred method
of enhancing safety performance [16, 17]. Hopkins
(1995) showed that worker empowerment in safety
and involving workers in decision making encourages
them to give suggestions [14]. Worker empowerment
is one of the important aspects of safety climate that
can raise workers’ motivation to take safety account-
ability and reduce unsafe behaviors leading to less
injuries [15, 16].

Blame culture refers to the proneness of manage-
ment to punish workers when they make mistakes.

Reason (1998) expressed that a useful reporting sys-
tem depends on how a company handles blame and
punishment. This lies at the heart of any safety
culture [17]. To avoid blame or punishment from
the management, workers may selectively determine
the information to be reported, share the suitable
information and conceal problems. This can have a
negative influence on workers’ safety performance
[3, 18].

Another identified organizational factor contribut-
ing to occupational accidents is safety training. Safety
training is a continual process that is frequently
reviewed and improved to take account of changing
conditions, past experience and new growth. Three
studies showed that safety training can influence safe
behaviors. Their results also indicated that safety
training has a considerable impact on employee safety
perception. Safety perception has a meaningful cor-
relation with occupational accidents [19–21]. Also,
Lin and Mills (2001) discovered that safety training
played an important role in reducing accident rate
[22]. Indeed, effective training facilitates a sense of
belonging among the workers which is, consequently
making workers more accountable for safety at
workplace.

Improving safety communication in an organiza-
tion is another way of enhancing the safety culture;
such communication can help prevent accidents and
injuries. Unfortunately, workers often do not speak up
when they perceive dangerous behaviors [23]. Open
safety communication refers to how safety informa-
tion such as changes in production processes and job
positions are distributed among groups in an orga-
nization [24]. Clarke (2006) concluded that safety
communication reduces safety risk and, consequently
enhances safety at workplace [25].

Safety supervision is also important in the success
of health and safety management at work. Front-line
supervisors have been identified as having an impor-
tant role in safety management. According to Fleming
(2001), four items in supervisor’s safety management
are important including valuing subordinates, visiting
the worksite regularly, a participatory method of man-
agement, and efficient safety communication [26].
Empirical studies determined that supervisors have
a key role in ensuring safety at work [27].

The application of a reward system is another
way to motivate employees [28, 29]. Rewards can
be categorized into two classes, which are intrinsic
and extrinsic. Intrinsic reward refers to something
untouchable like approval and acknowledgement.
Extrinsic reward includes salary, bonus, promotion,
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and job security. Zaidi and Abbas (2011) pointed out
that the financial rewards offered a higher motivation
to employees in comparison to non-financial rewards
[30]. Therefore, an organization can apply rewards
to promote safety behaviors or correct unsafe acts
in it.

Harmonious interpersonal relationships refer to
the relationships between workers and supervi-
sors. This refers to the extent that workers can
discuss with supervisors any issue openly in the
workplace. Interpersonal relationships are vital in
achieving the organizational aims as they facilitate
organizational communication among colleagues and
supervisors. Helmreich and Merritt (1998) observed
that Taiwanese pilots place high value on keeping
quality relationships with colleagues and super-
visors [31]. Abbas Al-Refaie (2013) conducted
a study on organization factors affecting safety
performance using structural equation modeling.
The results indicated that interpersonal relation-
ships among the safety team members significantly
affected safety self-efficacy through safety activities
and significantly influenced safety awareness through
teamwork [3].

Standards for occupational safety and health must
be continually improved [32]. Continuous improve-
ment in safety is an organized and planned effort that
seeks “incremental” improvement over time of cur-
rent safety practices. This effort intends to improve
an organization’s performance and is supported by
an organizational infrastructure and a supportive
culture [33].

Various scales have been established for evalu-
ation of the safety climate in different industries.
Much of this work has been conducted with West-
ern manufacturing samples. It is essential to develop
industry-specific scales such as a new scale to mea-
sure the safety climate in Iranian petrochemicals
companies. The main purpose of this study was to
start the process of developing a safety climate scale
that could be used in Iran.

2. Materials and methods

2.1. Instrument development

A preliminary safety climate questionnaire with
284 items was designed by the project group using a
mixed method study. In the qualitative part of the
study, the existing literature, including 72 articles
and books, was reviewed to find the organizational

factors affecting occupational accidents. Seventeen
experts, including safety and health personnel and
university professors, were individually interviewed.
These semi-structured interviews were conducted to
complete the list of parameters. The number of items
was decreased to 68 after conducting a screening pro-
cess for redundancy and the general aim of current
study.

All safety climate items were rated on a 5-point
Likert-type scales with ranging from 1 (strongly
agree) to 5 (strongly disagree) to conduct the validity
and reliability analysis.

2.2. Validity analysis

Validity refers to the degree that the measurement
tool can correctly measure the extent of the subject. It
is a significant index to measure the effectiveness of a
questionnaire. High validity indicates that measuring
instrument is able to measure the characteristics of the
measured object; conversely, if validity is not high,
the instrument couldn’t actually play its role.

2.2.1. Face validity
Face validity is defined as the degree to which a test

seems to measure what it reports to measure [34].
To assess the qualitative face validity, the Persian
version of the designed safety climate questionnaire
was piloted with 20 experts as a target group. After
the experts individually completed the questionnaire,
they were asked to state their overall conception in
responding to the statements of questionnaire. More-
over, to evaluate the face validity of the Persian
version quantitatively, the impact score was calcu-
lated for items on the scale. A 5-point Likert scale
was considered in which the selection of “always”
standing for the most important was scored as 5 and
“never”, which means the least important, was scored
as 1. Through implementing the formula, item impact
scores were calculated considering 1.5 as a cutoff
point [35, 36].

2.2.2. Content validity
Content validity is a measuring tool for evaluat-

ing whether the sampling scope is fit for the content
or activity that is to be studied. Content validity of
this instrument was evaluated quali-tatively and quan-
titatively. For qualitative content validity, through
interview with 17 experts in the field of safety and
health, the experts were asked to express their edit-
ing ideas (i.e., grammar, wording and scaling of the
scale). For quantitative content validity, to determine
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the content validity index (CVI), the experts were
also asked to assess relevancy, simplicity and clarity
of each item with the content according to Waltz
and Bausell index. Values for CVI considered as the
follows: <0.70: unacceptable; 0.7–0.78: revision and
correction; ≥0.79: accepted [37].

2.2.3. Construct validity
Construct validity refers to the measurement tool’s

ability to measure the object concepts. In order to
establish construct validity, Exploratory Factor Anal-
ysis (EFA) and Confirmatory Factor Analysis (CFA)
were conducted using the LISREL program.

The Exploratory Factor Analysis (EFA) was used
for summarizing and classifying data into correlated
groups. The sample size for the factor analysis should
be at least three to five times the number of mea-
sured items. In this section, 404 workers completed
the designed questionnaire and the factor structure
was determined using “principal component anal-
ysis” with varimax rotation. In this study, the two
primary tests were used to evaluate the fitness of the
data for the EFA. Kaiser-Meyer-Olkin measure of
sampling adequacy varies between 0 and 1, and val-
ues closer to 1 are better. Bartlett’s test of sphericity is
based on the statistic chi-squared distribution. View-
ing the appropriateness of the factor analysis method,
the null hypothesis about the identity of the correla-
tion matrix should be rejected and the significance
of the Bartlett’s sphericity test should be inferior to
0.05 [38]. Eigen values greater than one and Scree
plot were used to determine the number of factors
to be extracted [39]. Factor loadings equal or greater
than 0.5 were accepted [40].

For the Confirmatory Factor Analysis (CFA), the
ratio of 1 : 4 or 1 : 5 is recommended for the items
number to the sample size [41]. At this stage,
404 workers were randomly selected, completed the
questionnaires and confirmatory factor analysis was
carried out. For this purpose, LISREL 8.80 software
was used to determine the model’s fitness. It has
been suggested that researchers should determine the
fitness of a model considering several indices [42].
Therefore, in this study, at first, Chi-fit index was
investigated. Smaller values of this index show more
perfect model fitness. It is well known that this index
is sensitive to data distribution and high sample sizes.
Researchers did not rely on this index and calculated
ratio of chi square to its degrees of freedom.

Some sources suggest that for adoption of the
model, the ratio of chi square to degrees of freedom
should be less than three [43]. Other indicators used

included: comparative fit index (CFI), incremental fit
index (IFI), normed fit index (NFI), non-normed fit
index (NNFI), goodness of fit index (GFI), adjusted
goodness of fit index (AGFI), root mean square error
of approximation (RMSEA), and standardized root
mean residual (SRMR) [44, 45]. CFI, IFI, NFI, NNFI,
GFI, AGFI indicators can vary between 0 and 1,
where values that are closer to 1 would indicate a
well-fitting model [46]. RMSEA between 0.08 and
0.10 shows a mediocre fit and below 0.08 provides a
good matching of data to the model [47]. The accept-
able value for SRMR is below 0.10 where values less
than 0.8 show an adequate fitness and values less than
0.5 show good fitness [48, 49].

2.3. Reliability analysis

Data reliability analysis tests whether the infor-
mation is reliable; it show whether the same
measurement procedure give the same results.

It is a significant index to measure data quality. In
empirical studies, academic circles generally use the
internal consistency coefficient (Cronbach’s � coeffi-
cient). Values of Cronbach’s � ≥ 0.70 were explained
as satisfactory internal consistency [40]. To assess the
stability reliability of test-re-test and intra-class cor-
relation coefficient (ICC), 30 workers completed the
designed instrument in two-week intervals. An ICC
score ≥ 0.75 indicates excellent test-retest reliabil-
ity. The data were analyzed using Statistical Package
(Version 18, SPSS Inc., Chicago, USA).

3. Results

Demographic characteristics of the participants in
the EFA have been shown in Table 1. The majority of
the study subjects were male and most of them had
10–20 years of working experience.

Tests for quantitative face validity resulted in
“impact scores” higher than 1.5 for all of the items.
Thus, all items were kept for further analysis. In
order to get the latest expert opinion, a new ques-
tionnaire was sent to two professors in the field of
industrial safety. According to the professors, the
questionnaires were appropriate and applicable. By
asking workers about the indicators of this section,
a few items requiring modifications were applied in
the questionnaire.

To ensure the content validity of the instrument,
recommendations by the experts were applied in
the questionnaire. Quantitative content validity was
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Table 1
Demographics of the participants in the exploratory factor

analysis

Variables EFA(n = 404)
N (%)

Sex
Male 368 91.1
Female 36 8.9

Age
≤30 78 19.3
31–40 155 38.4
41–50 112 27.7
>50 59 14.6

Marital status
Single 63 15.6
Married 322 79.7
Widow 19 4.7

Years of experience
<2 57 14.1
2–10 98 24.2
10–20 176 43.6
>20 73 18.1

Job
Site Man 187 46.3
Board Man 131 32.4
Dust Man 28 6.9
laboratory 58 14.4

determined with specified content validity ratio and
the content validity index. Since the number of
experts was 25 people, fourteen items that had con-
tent validity ratio less than 0.37 were removed. Five
items with the content validity index between 0.38
and 0.8 were also excluded. These modifications led
to the elimination of 19 items from the proposed
questionnaire while 49 items were retained.

About construct validity, EFA results showed 404
workers of a petrochemical plant completed the ques-
tionnaire. The results of KMO = 0.8 and Bartlett’s
test of sphericity (χ2 = 1.52; P < 0.001) indicated that
the factor analysis can be used to analyze the data.
These results proved that there are visible correlations
among variables.

As shown in Fig. 1, the EFA using principal
component analysis resulted in the retention of
ten factors with 37 items. The model identified
by EFA was examined for CFA. The relative chi-
square (χ2/df) was 1.83, indicating the fitness of
the model (P < 0.001). Comparative indices of the
model, including CFI, IFI, NFI, and NNFI were
0.95, 0.94, 0.91, and 0.93, respectively, indicated
the goodness of data fitness. The RMSEA of the
model was 0.082 (90% CI, 0.064–0.10). SRMR was
less than 0.08 (0.06) confirming an acceptable fit for
the model. As shown, approximately all indicators
of goodness of the fit model were acceptable and

Fig. 1. Confirmatory factor analysis of safety climate scale.

confirmatory factor analysis indicated validity of the
questionnaire.

The results of reliability showed that the Cron-
bach’s alpha coefficient for the designed scale was
0.94. Moreover, Pearson correlation test of the scale
approved correlation between the responses in the
two times (r = 0.89). The ICC was obtained 0.92 rang-
ing from good to excellent (Table 2).
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Table 2
Results of the exploratory factor analysis and Cronbach’s alpha values

Factors and Items Factor Loading Alpha Value

Factor 1: Management commitment 0.74
Safety has a high priority for management in the company. 0.67
Management supplies resources to prevent the occurrence of incidents. 1.00
Management works to improve the safety of its complex or decrease safety problems. 0.74
Management concerns about the safety welfare of their workers. 0.79
Management involved personally in safety training. 0.97

Factor 2: Workers’ empowerment 0.84
Management gets opinion from employees before making decisions on safety related matters. 0.74
Management consults with workers regularly about workplace health and safety subjects 0.77
My complex has safety committees including of representatives of management and workers. 0.95
Management promotes workers involvement in safety related issues. 0.71

Factor 3: Communication 0.76
There is a suggestion box or periodic and frequent meetings for the transfer of views to the

management.
0.97

Information systems create available to inform workers prior to modifications and changes in
production processes.

0.54

There are circulars To inform workers about the risks associated with their work. 0.69

Factor 4: Blame culture 0.71
Management rarely acclaims workers for good safety behavior. 0.90
Management punishes workers involved in safety related incidents or near misses. 0.62
Management blames workers for making wrongs, regardless of whether or not an incidence

takes place.
0.68

Factor 5: Safety training 0.89
Worker given adequate training course when entering complex, changing jobs, or using new

technique.
0.90

Training actions ongoing and periodic, integrated in official established training scheme. 0.73
Management supports the employees to attend safety training programs. 0.82

Factor 6: Safety supervision 0.77
Supervisor revises regulations safety periodically. 0.91
Supervisor regularly holds related safety training activities in workplace 0.75
Supervisor mostly moves around inspecting employees in the workplace. 0.79
Supervisor reviews the related safety behaviors of the employees. 0.63
Supervisor reports cases or shares safety experiences in the workplace 0.53

Factor 7: interpersonal relationship 0.83
Workers can discuss to Supervisors any issue openly in the workplace. 0.62
Team members hold a harmonious atmosphere among themselves 0.71
A high priority is placed on holding harmonious relationships in the workplace. 0.64
There are good interpersonal relationships at work. 0.82

Factor 8: Continuous improvement 0.79
Management is committed to developing new safety procedures and policies. 0.88
Management assesses often the effectiveness of safety system. 0.50
Workers are committed to identify problems and suggest solutions. 0.76

Factor 9: Reward system 0.89
The rewards are distributed rightfully. 0.69
The rewards match my job effort. 0.54
I am satisfied with the quality/quantity of the rewards. 0.56

Factor 10: Job satisfaction 0.86
I am enthusiastic about my job. 0.80
I am satisfied with my current job. 0.68
People advancing rapidly here as elsewhere. 0.97
I am satisfied with my chances for promotion. 0.72
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4. Discussion

The main objective of this study was to develop
a safety climate scale. Literature review and expert
interviews resulted to identify ten factor consisting
management commitment, workers’ empowerment,
communication, blame culture, safety training, job
satisfaction, interpersonal relationship, supervision,
continuous improvement, and reward system. An ini-
tial safety climate questionnaire with 284 items was
designed and in next step the number of items was
reduced to 68 after conducting a screening process.

According to content validity assessment by the
safety experts, 19 items were deleted from the first
group of 68 items. These items were unsuitable,
redundant, and unclear. Thus, the revised tool con-
sisted of 49 items. This study then investigated the
construct validity of the questionnaire by the appli-
cation of EFA and CFA. Using principal component
analysis, the EFA resulted in the retention of ten fac-
tors with 37 items. The internal consistency reliability
of the questionnaire was also acceptable. Therefore,
the proposed scale is a valid and reliable tool for
measuring the safety climate.

Findings about dimensions of designed safety
climate scale are consistent with the results of
previous studies. These studies reported that man-
agement commitment to safety, training, employee
empowerment, job satisfaction [21, 50, 51] commu-
nication [24], interpersonal relationships, continuous
improvement [1], blame culture, safety supervision,
and reward systems [3] are important safety climate
dimensions.

Management commitment to safety has been usu-
ally described in prior studies and seems to form a key
part of a general safety climate scale [8]. Furthermore,
the meta-analysis reported by Beus, Payne, Bergman,
and Arthur (2010) established that management com-
mitment to safety was the strongest predictor of
occupational injuries [52]. The current findings illus-
trated that for the present Iranian manufacturing
sample, three aspects related to the role of manage-
ment in safety emerged. The first related to man-
agement actions, including communication, and the
second to management support for safety improve-
ment. The third aspect, safety priority, reflects the
extent to which safety is prioritized with respect to
other organizational goals such as productivity. This
is a common underlying theme in safety climate mod-
els and has been featured in previous research [53].

This study showed some theoretical and useful
suggestions. First, a safety climate scale suited for

the petrochemical industry had not been presented
prior to the present study. The development of a
manufacturing-specific safety climate scale has been
recommended as a method to recognize the ways
in which awareness of safety climate is context-
dependent [54]. Knowing the best ways to measure
and assess safety climate in special manufacturing
can lead to the creation of more real hypotheses
connected to how climates develop. Furthermore,
industry-specific safety climate scales would also
permit for more specific suggestions and interven-
tions, for the reason that the measures themselves are
highly contextualized.

Second, this study provided sufficient empirical
evidence to support the theoretical recommendations
from Zohar [54, 55]. This study emphasized two dif-
ferent levels of awareness regarding safety climate in
the petrochemical industry, which led to the devel-
opment of the organization and group-level safety
climate sub-scales. This is closely linked to the pro-
cess of safety climate formation and transfer from
the organizational level to the individual worker’s
level via the work group. In this regard, future stud-
ies on safety climate in the petrochemical industry
would benefit from the use of the newly developed
level-specific safety climate scale.

There are some limits to the current study. First,
regardless of the fairly large sample size, only one
company participated in this study. Therefore, one
should be a cautious in generalizing the project’s
results to other petrochemical industries. Second,
when recruiting companies, those with poor safety
records may have been reluctant to participate; there-
fore, there may be selection bias. Third, the survey
itself was cross-sectional. A future longitudinal study
could provide stronger support for causal relation-
ships between safety climate and safety outcomes.
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