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Abstract. This study aims to develop and validate a safety climate scale for United Arab Emirates (UAE) oil and gas industries to enhance
the process safety performance. This study was performed at the Abu Dhabi Oil National Company (ADNOC) in the UAE. Principal
component analysis was used to analyze the response data, resulting in the identification of five safety climate dimensions. Confirmatory
factor analysis (CFA) was then performed to test the relationships among the constructs of safety climate dimensions as conceptualized in a
measurement model. Finally, a structural model was developed to measure the significance of these five safety climate dimensions in the
oil and gas industries in the UAE. This paper confirms the importance of measuring and incorporating multiple factors comprehensively to
obtain a complete picture of the implementation and perceptions of safety climate in oil and gas companies in the UAE. It also provides a
reliable and validated instrument and first- and second-order models for measuring the safety climate dimensions, which affect the
performance of safety in general, and process safety, which is specifically useful for informing practitioner regarding focus area to enhance
safety performance.
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1. Introduction

Safety performance is indicated by the safety climate. Typically, safety performance can be applied in the
prediction of safety results such as occupational injuries or recommended safety behaviors (Melia et al. 2008,
Olsen 2010; Bernardi 2019).

It is essential to apply a validated scale for measuring safety levels accompanied by supporting data (Seo et al.
2004, Yeung and Chan 2012). To realize practical applications of a validity test accompanied by data,
organizations have evaluated their safety levels using this verified test. Additionally, the objectives behind this
test were to collect quality outcome. Thus, it is evident that the process of assessing reliability is limited to
measurement errors of the scale applied (Yeung and Chan 2012).

Despite the efforts by organizations to understand the pillars of safety climate and apply them to their company,
an inclusive safety agreement has not been attained. This fact has been proved by evaluation of findings from
research that had been previously conducted on commitment levels to establish a common safety platform
(Glendon and Litherland 2001, Mohamed 2002, Lu and Shang 2005, Seo 2005, Flin et al. 2006, Evans et al. 2007,
Vinodkumar and Bhasi 2009, Chen and Chen 2012). According to one of the safety proposals by Seo et al. (2004)
on safety climate dimensions, five categories can be applied in analyzing safety. These include safety support
from coworker, supervisor, and commitment levels by management to attain safety standards. Other categories are
employees’ competence levels, employees’ involvement in safety activities, and decision-making when safety
climate is in question.

On a related evaluation of outcomes from 18 surveys, Flin et al. (2000) provided six considerations that are
always applied to achieve safety climate. These include risk levels, safety of the system, and management
involvement. Further, the findings were based on the procedure applied in performing task, competency, and work
pressure issues. Moreover, safety rules, safety procedures, supervisory environment, safety training, and safety
communication can be also defined as additional dimensions (Lu and Shang 2005, Lin et al. 2008, Tharaldsen et
al. 2008, Heivik et al. 2009).

The assessment and validation of measuring instrument have been performed using varied methods. For example,
to validate the content obtained, developmental and judgment stages are always taken into considerations
(Vinodkumar and Bhasi 2009). Consequently, the developmental stage is managed through conducting critical
literature review, while in other cases, research is done in this stage using focused group discussions or
interviews. For the judgmental stage to be attained, the qualitative method is applied, and on some occasions,
qualitative methods appear the most appropriate where opinion is required (Evans et al. 2007, Heivik et al. 2009).
This process is thus found to either focus on literature or panel decision on the most appropriate application.

The content validity of climate safety has been applied by different studies on past findings. The peer previewed
outcome on safety climate have always focused their literature review findings on the application of quantitative
methods (Mearns et al. 2004, Flin et al. 2006). Only a few panelists have used quantitative methods, thus making
it less suitable for safety climate analysis. Another factor that is normally taken into consideration is the validation
of instruments (Mohamed 2002). Typically, an expert has preferred using the analysis of exploratory factors
followed by a confirmation of the factor analysis applied (Basen-Engquist et al. 1998, Cox and Cheyne 2000,
Gershon et al. 2000, Davies et al. 2001).
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Measurement of safety climate has resulted in the development of a number of instruments to be used in different
parts of the world. Originally, the first innovation of these instruments was conducted with an objective of
developing a safety climate scale in manufacturing companies situated in Iran (Seo 2005). Different scales for
measurement of safety climate across parts of the world were influenced by culture contexts, types of industries,
sector specifications, and specialization requirements (Hussin et al. 2012). Additionally, procedures for applying
these instruments were based on data collected using well-structured questionnaires. Additional considerations
were given to scales of measurements and validity and reliability that could be offered.

To attain the desired validity, categories were provided to offer in-depth findings. Among the categories obtained
were essentiality, usefulness, and elimination of less useful materials (Huang et al. 2006, Hutchinson et al. 2006).
To conduct a parallel study and establish safety climate, this study was developed. A descriptive statistic was thus
used for the evaluation and extermination of the content validity of the scale used. Using the expert analysis
applied by the panel, various parameters were evaluated (Kho et al. 2005).

The aim of this paper is to investigate and validate the dominant safety climate dimensions in oil and gas
industries using principal component analysis (PCA) and confirmatory factor analysis (CFA). The objectives of
the present paper are to (i) explore the safety climate dimension in UAE oil and gas industries, (ii) suggest a
comprehensive framework for the safety climate dimentions and (iii) investigate and validate the relationships
among the dominant safety climate dimensions by introducing first- and second-order CFA models.

The rest of this paper is organized as follows. The section entitled “literature review” reviews the relevant
literature aimed at (i) factors affecting safety climate, (ii) major safety accidents around the world and in UAE,
and (iii) providing insights into the industry wherein the study was conducted in UAE. The section entitled ‘“Plan
and Research Methodology” presents the methodology implemented in the present research. The sections entitled
“Data Analysis” and “Discussion and Implications” report and discuss the analysis and findings, whereas the
section entitled “Conclusions” concludes the paper.

2. Literature Review
2.1. Background on Process Safety

Industrial processes at mass scale emerged after the Second World War, resulting in the birth of the safety
movement in the early 1960s (Swuste et al. 2016). This crucial movement in the safety domain came to be known
as “loss prevention.” Following the upscaling of the production processes in the chemical industry, the complexity
of controlling such processes increased, leading to toxic substance emissions, fires, and explosions. These
incidents had significant impacts on plant premises and beyond. Back then, the public became more anxious about
the different forms of pollution and the likelihood of accidents occurring on a large scale (Carson 1962). This was
followed by numerous UK and US publications about loss prevention (Fawcett 1959, Association of British
Chemical Manufacturers 1964). However, this was subsequent to a series of process accidents and incidents in
low-temperature separation and ammonia plants in the early 1950s (Hendershot 2009). The development of
process safety has also been affected and influenced by many other global incidents in high-risk process
industries, such as the 1986 Chernobyl and 2011 Fukushima nuclear incidents and the 1984 Bhopal and 2005
Texas City petrochemical incidents (Swuste et al. 2016). The article by Kerry that was published in the Chemical
Engineering and Processing journal in 1956 triggered dialog during the December 1956 Boston meeting of the
American Institute of Chemical Engineers. That meeting culminated in the formation of the “Safety in Air and
Ammonia Plants” symposium that began in 1957 and became an annual event going forward (Hendershot 2009).
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2.2. Factors Affecting Safety Climate

The concept of a safety climate has various definitions, among which the definition proposed by Zohar (2011)
will form the basis of this study . Zohar defined safety climate as the perception behind the practices, procedures,
and policies pertaining to safety measures. Zohar’s definition covers the holistic aspects of safety climate within
an organization and plays an antecedent role in the safety performance of various workplace settings (Griffin and
Hu 2013). The safety climate is strongly related to the perceived risk of accidents and injuries at a workplace
(Curcuruto et al. 2015). Therefore, developing a comprehensive safety culture ensures the overall health and
safety of the employees working in a specific organization. Safety culture can effectively determine the
perceptions, values, attitudes, and overall commitment and proficiency to safety and health management among
employees. This information will enable the organization to effectively ensure the well-being of its employees. As
such, organizations will focus their efforts on creating mutual trust and shared perceptions with their employees
on the benefits of maintaining safety in the workplace (Curcuruto et al. 2015). Obtaining knowledge about the
safety culture will enable the organization to arrange possible means of disseminating the correct information to
its employees via techniques such as workshop training, whereby they would be educated about the safety
measures needed to handle various machines with caution and the importance of wearing protective clothes.
Therefore, safety climate enables the organization to acquire particular statistics concerning overall perceptions
among employees, effectively limiting their risk by curbing process accidents (Nahrgang et al. 2011).

Safety culture influences the development of process-safety tools used for curbing hazards, disasters, and
catastrophes. Based on numerous industrial-incident cases, a strong focus was placed upon the organizational
safety culture of various firms with a special emphasis on the existent culture during management of various
major hazards. A report by the Baker Panel urged all companies within the industrial field to consider assessing
their safety culture and offered important questions to foster discussions of safety climate among employees and
their employers and within the refineries of Baker Panel (De Rademaeker et al. 2014). The status of the Baker
Panel was such that it inspired more serious consideration of the matter, and the Process Safety Leadership Group
has advocated for the development of process-safety programs, focusing more on the growth of safety culture on a
positive spectrum (Binch et al. 2012). Considering the high number of reported hazardous cases, it was declared
that process-related industries ought to develop climate tools that were solely tailored for process safety. Such
tools could determine the messages that were both accessible and inaccessible to workers in hazardous scenarios
and those that could nto be accessie as well as the messages that do not get to them. A safety climate would,
therefore, facilitate the structuring process of a tool used to reduce the high number of process safety cases.

Researchers and organizations can take decisions regarding safety based on safety climate. The instruments used
for assessing safety climate use demographic discrimination among people (Santos et al. 2012). Therefore, the
different experiences of different demographics limit the development of a well-informed decision-making system
because only the groups with the attained design goals can discern the degree of process-safety culture compared
to those who are inadequately informed.

Therefore, the uninformed groups cannot make predictions on the process-safety performance of industries, which
in turn leads to disasters. Effects of safety climate on process safety remains understudied, which also
considerably contributes to the ignorance of the industry’s overall safety culture. This factor incapacitates
managers from making the right decision when it comes to processing safety.

Poor decision-making in industries with hazardous content may worsen any directed motives of curbing disasters.
It is therefore important for regulated bodies to consider making changes in the way they disseminate their safety
climate knowledge and to ensure that each industry is mandated to follow set regulations. In this way, all
industries, even those less informed about the safety climate, can include cautionary measures in their process-
safety initiatives. Successful installation of the right safety climate procedures and tools will considerably impact
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the safety cultures of organizations. It will only be a matter of time before the number of major disasters is
considerably reduced (Santos et al. 2012).

2.3. Major Accidents around the World and in the UAE

Many accidents go unreported because of employers’ disciplinary programs and employees’ fears of reprisal
(Fagan and Hodgson 2017). However, some process safety accidents have been quite significant. Examples
include the 1974 Flixborough disaster in the UK, the 1984 Bhopal gas tragedy in India, the 1988 Piper Alpha
disaster in the North Sea, the 1992 Sodegaura Refinery disaster in Japan, the 2003 DSM chemical plant and 2004
Stockline Plastics explosions in the Netherlands, and the 1989 Phillips 66 Disaster and the 2005 explosion at the
Texas City Refinery in the US. These cases from around the world have been reviewed extensively by Okoh and
Haugen (Okoh and Haugen 2013).

In the oil and gas industries in the UAE, many safety accidents had been reported. For instance, two incidents
occurred at the Abu Dhabi Company’s (ADCO) onshore Shah oil field and the Abu Dhabi Gas Liquefaction
Company (ADGAS) in February and March 2009, respectively (Carlisle 2009). The Shah field accident claimed
three lives and left one worker unconscious during an attempt to drain a transfer line inside the confined space of
a corrosion-coupon pit. Moreover, In the March 2009 incident, three employees (a supervisor and two
technicians) were hospitalized after an explosion occurred at the Das Island facility. The cause of the explosion
was attributed to an electrical discharge (Carlisle 2009).

In 2011, ADNOC, which is a leading fuel distribution company in the UAE and a global leader in the field of oil
and gas production and distribution, reported seven significant incidents involving hydrocarbon spills, which
resulted in the release of around 4,209 m® of hydrocarbons (ADNOC Sustainability Report 2011). In the afternoon
of October 22, 2015, another incident occurred in the Abu Dhabi industrial area of Mussafah. An explosion was
reported following a high-volume leakage of carbon monoxide in the Gulf Piping Company. Although no
fatalities were reported, an estimated 11 injuries were reported, of which seven were described as critical (Al
Kuttab 2015). In the same year, 20 hydrocarbon spills were reported, of which three were significant, and there
were two nonhydrocarbon spills involving chemical solvents. In addition, there were five fatal incidents: two from
burns or explosions, two from being struck, and one from a high fall. One fatal incident each was reported from
production operations, land transport, inspection testing and maintenance, commissioning/decommissioning in
construction, and drilling, workover, and well services (ADNOC Sustainability Report 2015).

On January 11, 2017, a tragic accident involving a fire preceding an explosion occurred at the ADNOC Takreer
Refinery (Takreer Incident 2017). This led to the incident being classified as a Tier 1 process safety event, and the
company required $800 million to restore the unit back to its original operation parameters (Takreer Incident
2017).

3. Plan and Research Methodology

This study was undertaken in three major phases (Fig. 1). From the questionnaire information collected, a review
of the literature was made, and 662 safety climate items were collected (Koene et al. 2002, Mearns et al. 2003,
Wills et al. 2005, 2006, Lu and Tsai 2008, Strahan et al. 2008). Narrowing down to the main objectives and aims
of the current study, the number was reduced to 47 after the process of screening.The method used was on the
basis of inclusion and exclusion criteria. After that, an exploratory approach to collect empirical data from oil and
gas industry companies in the UAE, with specific focus on firms based in Abu Dhabi. In total, 30 health, safety,
and environment (HSE) experts working for ADNOC were interviewed. The pool of experts was obtained from
both upstream and downstream units. The researcher asked the experts to report on both the external and the
internal dimensions that underlie their commitment and desire to adopt, adhere to, and maintain safety climate
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that affect the process safety performance. All responses were filtered, which resulted in the identification of 47
valid safety dimention items within the oil and gas industries in the UAE.

[ Interviews with HSE Experts ]

A 4
[ Identification of contributing factors ]

Phase 1

B
>
A

y

[ Design of First Draft Instrument ]

»
»
A

[ Collection of Data ]

\4

[ Testing Instrument’s Content Validity ]

A 4

Phase 2

Constructs’ Identification through Exploratory Factor Analysis (EFA)

\4

Reliability Tests of Individual Constructs

A
CFA to Develop First- and Second-Order Models

Phase 3

v
[ CFA Model Fitness Tests ]

Fig. 1. Research methodology

As illustrated in Fig. 1, the second research phase involved implementing quantitative research methods to
generate a pool of items that were included in a scale for measuring the constructs of the safety climate
dimentions. This was a critical phase in the research because of the fragmented existing literature on safety
climate dimensions. The outcome of this process was a 51-item instrument based on a seven-point Likert scale. A
pilot study was conducted to establish the relevance of the first-draft instrument. The main outcome of the pilot
study was preliminary validity and reliability information about each measurement scale. Upon completion of this
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phase, SurveyMonkey was used as the platform for administering the final data-collection instrument, and this led
to 180 responses from various actors in downstream and upstream units of ADNOC.

4. Data Analysis

During the third phase, the 180 responses obtained from the survey were tested. To explain the highest possible
common variance with the fewest explanatory constructs (latent variables or factors), PCA was undertaken. These
factors denote different highly correlated clusters of safety climate dimensions. A Cronbach’s alpha coefficient
(Cronbach 1951) of 0.962 affirmed the reliability of the responses for further analysis. Next, the constructs
describing the safety climate dimension of the oil and gas industry in the UAE were assessed and validated using
CFA.

4.1. Exploratory Factor Analysis

Exploratory factor analysis (EFA) was performed during the pilot study phase involving different safety actors,
workers, supervisors, and managers in various units and departments. Before proceeding with EFA on the items,
some conditions must be satisfied, and this can be assessed through various tests. The Kaiser—Meyer—Olkin
(KMO) test (Kaiser 1970) and Bartlett’s test of sphericity (Bentler 1992) were among the tests that were
performed. As shown in Table 1, the considerably high KMO value (0.955) indicates that the items are
appropriate for undertaking factor analysis because no serious multicollinearity issues are indicated within the
dataset. Bartlett’s test of sphericity (Sig. < 0.01) showed that the interitem correlations were adequate for running
factor analysis (Table 1).

Table 1. Results of the KMO test and Bartlett’s test of sphericity

KMO measure of sampling adequacy .955
Bartlett’s test of sphericity Approx. Chi 8,125.709
square
df 1,081
Sig. .000

Subsequent to these two suitability tests, the 51-item instrument was subjected to EFA using PCA as the factor
extraction method while varimax rotation was invoked. The factor retention approach was based on the robust
combination of theoretical salience, scree plots, and eigenvalues greater than 1.0 for the rotated factors. According
to Stevens (Stevens 2009), the ideal situation is for an item to load above 0.40 on its respective factor and below
that threshold on any other factor. These resulted 47-instrument items accounted for 68.27% of the variance in all
responses.

Table 2 shows the rotated component matrix presenting the item loadings and respective factor pattern. The first
factor (F1) accounted for a maximum of 51.44% of the variance in all responses. The questionnaire items that
loaded into F1 seem to relate to various aspects of organization commitment to safety (OCS) and safety practices.
Thus, F1 was labeled as OCS, and it contained 16 items. The 10 items loading into the second factor (F2) relate to
the supervisor commitment to the safety of subordinates. Thus, F2, which accounted for 5.25% of the variance in
all responses, was labeled as supervisor—subordinate commitment to safety (SSCS). The eight factors that loaded
into the third factor (F3) accounted for 4.83% of the variance in all responses. They were mainly about training on
safety (TOS), and this led to F3 being labeled as TOS. Six factors loaded into the fourth factor (F4), which
explained 3.51% of the variance in all responses. They all appeared to be about the extent to which the employees
were engaged in safety, which informed the labeling of F4 as employee engagement with safety (EES). Finally,
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the fifth factor (F5) accounted for 3.24% of the variance and contained three items regarding compliance with
HSE standards, practices, and procedures. Therefore, F5 was labeled HSE compliance (HSEC).

Table 2. Rotated component matrix

Items F1 F2 F3 F4 F5
Q14 The management ensures reliable and safe equipment 737
Q15 The management eliminates potential safety issues 736

My company engages an HSE third-party audit to ensure that

Q19 safety rules and regulations are followed 726
The company maintains records of all first-aid treatments,

Q2 . - . - . - S 726
inspections, incident investigations, and training activities

Q11 The management conducts regular hazard inspections in your 795
work area

Q18 My organization enforces a PTW system in all types of work 712

016 The management provides and participates in safety 708
campaigns

Q9 My company provides sufficient personal protective 682
equipment and gas detectors for the workers )
My management encourages raising near misses, unsafe acts,

Q8 o .680
and unsafe conditions
The management considers safety as a core organizational

Q1 value .639
The management investigates near misses, unsafe acts, and

Q12 S .634
unsafe conditions in a timely manner
The management considers production to be more important

Q5 .631
than safety

Q17 My company has clear hydrocarbon and chemical spill 625

response procedures

Q10 My company provides enough safety training programs .612
The management considers production to be more important

Q13 - - 578
than environmental pollution
The management exercises safety consequences management

Q41 > o 491
standards in case of violation of safety measures

Q26 My immediate supervisor conducts sufficient toolbox talks .817
My immediate supervisor discusses safety issues with others

Q25 : .808
before performing tasks

Q28 My immediate supervisor ensures that the workload and work
patterns are adequate

Q20 My immediate supervisor enforces safe work behaviors 756
My immediate supervisor corrects near misses, unsafe acts,

Q24 o 707
and unsafe conditions

Q29 My immediate supervisor considers human error as part of the
risk assessment

Q27 My immediate supervisor investigates workplace accidents .697
My immediate supervisor cascades the corporate HSE KPIs to

.760

.702

Q21 677
the employees
Q22 My |r_nmed|ate supervisor ensures work permits are obtained 677
and signed
Q23 My immediate supervisor ensures that the employees’ skills 609
and abilities match the job tasks '
Q43 New recruits are trained adequately to learn the safety rules 634

and procedures
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My company ensures that contractors are trained to perform

Q42 their tasks safely 598
The safety training given to me is adequate to enable me to

Q47 - .589
assess hazards in the workplace

Qa4 The safety training is specific to the job, including hazardous 564

materials, equipment, noise, fire, and other physical hazards
The safety training includes hazard control measures, such as
Q32 department-specific safe operating procedures, acceptable .547
practices, lock-out/tag-out, and working after hours or alone
The employees’ training hours are linked to the overall

Q46 523
performance of my department
The safety training provided is adequate for responses to

Q36 . S .500
emergency seniors and to control safety incidents.
Employees changing jobs or taking extra responsibilities are

Q33 . . 490
trained on the new safety regulations

Q38 I feel that_my organization is keen on eliminating process 684
safety incidents
I believe that it is possible to achieve zero process safety

Q37 o - o .680
events/incidents in my organization

Q40 Employees regularly break the safety rules if they think they 652

will not get caught
Q39 Safety professionals are viewed as law enforcement officers .633
Safety performance does not improve despite adequate OSHA

Q35 compliance, leadership commitment, and training 531

Q34 Employees’ participation in safety committees, training, and 452
other safety-related meetings is low '

Q31 My organization performs an assessment and audit of 843
compliance with applicable HSE laws )

Q30 My organization conducts mock drills to evaluate the 816
emergency response plan )

Q3 My organization has HSE measurable performance metrics 442
Average variance extracted (%) 51.44 5.25 4.83 3.51 3.24
Construct reliability .963 .958 935 .894 778

4.2. Content Validity and Internal Consistency

Reliability speaks to the magnitude of consistency in the responses pertaining to a respective construct. Normally,
Cronbach’s alpha is the common measure for these tests. As illustrated in the bottom row of Table 2, the five
latent constructs constituted from the contributing factors of safety climate were between 0.778 and 0.963. The
results indicate that the five proposed constructs have good psychometric properties.

4.2.1. Convergent Validity

The Bentler—Bonett’s normed fit index (NFI) is commonly used for evaluating convergent validity (Bentler 1995).
This index shows the extent to which the various approaches employed in measuring a given construct are likely
to yield consistent results (Ahire et al. 1996). Bentler (1995) asserted that the rule of thumb is that NFI values of
at least 0.90 imply an acceptable fit index. The five constructs had acceptable NFI values, which meant that their
constituent items converge well to warrant further analysis, as shown in Table 3.
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Table 3. Construct validity analysis

Factors/construct Convergent validity Discriminant vaIidity
Bentler—Bonett NFI Factor Cronbach’s a—Average correlation between factors
F1 .923 243
F2 977 .238
F3 .962 215
F4 .990 174
F5 1.00 .058

4.2.2. Discriminant Validity

Bagozzi et al. (1991) explained that this type of validity refers to the degree of distinction of distinct latent
constructs and their respective indicators from other constructs and indicators.

The computation of discriminant validity involves comparing a latent construct’s Cronbach’s alpha with its
average correlations with the other latent constructs. When the comparison yields a significant difference in the
two measures, discriminant validity is confirmed (Ghiselli et al. 1981). The values shown in Table 3 demonstrate
a conceptual distinction between the five latent constructs.

4.3. Confirmatory Factor Analysis

The EFA led to the identification of OCS, SSCS, TOS, EES, and HSEC as the initial safety climate dimension in
the oil and gas industries in the UAE. The first-order model contains OCS, SSCS, TOS, EES, and HSEC as the
correlated safety climate factors in the oil and gas industry in the UAE.

The first-order model is shown in Fig. 2. Alternatively, the safety climate factors can be operationalized through a
second-order model in which the five constructs of contributing factors are governed by a higher-order factor (i.e.,
safety climate factors; see Fig. 3).
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The first-order model for safety climate dimension shown in Fig. 2 implies correlations between OCS, SSCS,
TOS, EES, and HSEC, although not under the governance of one shared latent factor. Despite y* being

statistically significant (z = 0.000), the other model-fit indices shown in Fig. 3 back up the first-order model for

safety climate dimensions in UAE oil and gas industry .

The results obtained after running the second-order model shown in Fig. 3 indicate that safety climate dimensions
as the higher-order latent factor or the overarching trait of safety dimension implementation govern the
correlations among OCS, SSCS, TOS, EES, and HSEC. In addition, this second-order model yielded good model-
fit indices. Examining the second-order model of safety climate dimension implementation in the oil and gas
industries in the UAE reveals the significance of all the coefficient estimates associated with OCS, SSCS, TOS,
EES, and HSEC describing the relationships of the five contributing factors on the higher-order construct of
safety climate dimension. The results show that TOS had the highest impact on safety climate, whereas HSEC had
the lowest impact.

5. Discussion and Implications

This study primarily aimed to develop a safety climate scale and validate the scale’s reliability. Through this
study, 51 items were found to be satisfactory on the developed scale in terms of reliability and validity. However,
after a follow-up analysis on EFA and reliability, only 47 items were sufficiently reliable and EFA satisfactory.
Using quantitative methods, this study aimed to understand the legitimacy of the content and investigate the
validity of the constructed scale using EFA and CFA. Interestingly, the internal-consistency reliability was
satisfactory, indicating that the scale is legitimate and dependable for measuring the safety climate. A significant
result concerning the relative validity of the safety climate was not acquired herein based on participants’
experience with accidents.

Herein, EFA was used to measure the attributes of safety climate in dimensions. Results were then used to label
the dimensions of the safety climate as “OCS,” “supervisor—subordinate commitment to safety,” “training on
safety,” “employee engagment on safety,” and “HSE complaince.” Results of this study were similar to those
reported previously that recorded the organizational commitment to safety, employee engagment, supervisory
committment to safety, training, and audits as factors that infleunced safety performance. An organization’s
commitment to safety has been described as the fundamental component of safety culture (Flin et al. 2000, Luria
and Rafaeli 2008). It manifests in the efforts that are made to ensure that aspects of all organizational operations
are adjusted for safety maintenance (Wiegmann et al. 2004). An organization’s commitment to safety is judged
based on the procedures and equipment of the organization and the employee training and selection (Luria and
Rafaeli 2008). This commitment has been shown to be crucial for influencing the way employees perceive,
commit to, and ensure a safety culture and to take charge of safety (Morrison and Phelps 1999), resulting in an
inclination toward actively taking safety measures (Geller et al. 1996). All effective safety programs require that
top management provides a written commitment toward safety, back it up with sufficient resources, provide
ongoing training, and fund it adequately (Price and Forrest 2016).

Employee engagement is generally an indispensable contributor to organizational safety. For example, (Harter et
al. 2006) found that companies with low employee engagement had over six times more safety incidents than
those with higher engagement (Lockwood 2007). found that employees with high engagement had a five times
lower likelihood of experiencing safety incidents. They were also seven times less likely to register lost-time
safety incidents compared to their nonengaged counterparts. According to (Cooper 2018), employee engagement
aims at helping to ensure that employees commit to the values and goals of an organization while motivating them
to contribute to the organization’s success. The principal aspect is to ensure an understanding that engagement
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entails mutual dialog, leading to joint decision-making while acting together. Employee engagement implies
creation of genuine safety partnerships between the workforce and management to enhance safety performance
(Cooper 2018). Moreover, supervisors are considered critical role players in showing workers the need to
prioritize safety because supervisors inform their subordinates about the types of behavior that are supported and
valued within the workplace (Zohar 2002). Their everyday interactions with both management and employees is
regarded among the safety climate’s building blocks (Bronkhorst et al. 2018). Unsurprisingly, numerous authors
have focused on the need to increase the perception that the supervisor is committed to safety (Zohar and Luria
2003, Kines et al. 2010, Zohar and Polachek 2014). In general, results of all these studies have demonstrated that
offering feedback and coaching to supervisors on their everyday safety instructions enhanced the perceptions of
workers toward prioritizing safety. Supervisory commitment to safety has been shown to predict safety behavior
(Taylor and Snyder 2018).

The effect of employee training upon process-safety outcomes has been demonstrated via various industry reports
and process-safety literature. However, the most resounding effect has been the revelation that employee training
(or the lack of it) has been associated with major process-safety events around the world. For example, the
accident that was strongly linked to the lack of employee training with the explosion at BP Texas City resulted in
the deaths of 15 individuals and 180 casualties. It was demonstrated that management did not assure the
operators’ training development for a long time before the process-safety event occurred (Halim and Mannan
2018). Thus, training employees on process safety has been shown to enhance operator performance within the
process industry (Nazir and Manca 2015, Yamamoto 2015, Mkpat et al. 2018). However, such training should
also be job-specific and extended to new recruits and contractors, as explained in the following three subsections.

Finally, compliance audits are PSM techniques for verifying “that the implementation of the PSM program is in
compliance with OSHA standards and to identify potential deficiencies in the PSM program used” (Majid et al.
2014). Such audits have now become integral to implementing safety management in diverse industries because it
enables an organization and/or employer to determine the extent to which the 13 PSM components are compliant
with the OSHA PSM 29 CFR 1910.119. If the compliance audit is performed as it should be, safety loopholes and
weaknesses that could hinder successful maintenance of the facility personnel’s safety and of the public around
the facility have been identified (Birkmire et al. 2007). Failure to ensure compliance has been linked to the
emergence of adverse process-safety accidents such as the Phillips 66 Disaster of 1989 (Okoh and Haugen 2013).

The present paper confirms the importance of measuring and incorporating multiple factors comprehensively to
obtain a complete picture of the implementation and perceptions of safety cluture in oil and gas organizations..
Focusing on one construct of safety climate factors even at the item level disregards the potential benefits that are
accruable from taking actions that would motivate the organizational stakeholders in all the five construct areas.

These findings demonstrate that oil and gas organizations must adhere to coherent and comprehensive approaches
for developing more favorable perceptions toward safety climate in the oil and gas industry. Looking at the
second-order model developed in this study from a high-level governing factor to latent constructs, which trickle
down to 47 items, provides the foundations of such comprehensiveness and coherence in developing favorable
safety climate in oil and gas organizations.
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6. Conclusions
6.1. General Conclusions

The aims of this paper were to (i) explore the safety climate factors contributing to the reduction of process safety
accidents in the oil and gas industry in the UAE and (ii) investigate and validate the relationships among the
dominant safety climate contributing factors by introducing first- and second-order CFA. While companies in the
oil and gas industries in the UAE have been investing considerable efforts into achieving zero accidents and
incidents in their overall operations, evidence shows that they still struggle with eliminating process safety events.
Because achieving an effective safety climate in the oil and gas industry entails a collective effort from different
stakeholders in an organization and beyond, there are often conflicting perceptions about what works and what
does not. The scarcity of an empirically proven and sound research framework for understanding safety climate,
which places the various stakeholders and the way they interact within the organization’s safety climate
framework, makes it more difficult for researchers, managers, and employees to understand the issues that
underlie safety climate within this context. In turn, this makes it difficult for oil and gas organizations to
implement an effective safety climate successfully both in research and in practice.

6.2. Limitations and Future Directions for Research

The framework proposed herein is based mainly on the perspectives of various organizational stakeholders,
especially those within the oil and gas industry. The expectation is that the contributing factors of safety climate
identified in this paper will be applicable beyond the oil and gas industry and into other complex process-driven
industrial sectors such as neuclear industry. Clearly, the proposed framework is an effective and valid instrument
for measuring the contributing factors of safety climate. Being knowledgeable about the focus contributing factors
of safety climate will aid oil and gas managment in the UAE to foucous more into the safety climate factors to
help minimizing process safety accidents.

Despite accomplishing its objectives, this paper was encumbered by some limitations. First, the survey
respondents during the primary data-collection phase were drawn from different units of the oil and gas sector.
Future studies may also investigate the applicability of the second-order framework to oil and gas sectors outside
Abu to other complex process sectors, such as the chemical and neuclear industry. The uniqueness of the oil and
gas industries in other emirates (e.g., Dubai) will further help validate and extend the framework developed in this
research. In addition, the UAE shares similarities with numerous countries in the Gulf region. Undertaking
comparative studies between the oil and gas companies of the UAE and those elsewhere in the Gulf based on the
framework proposed in this paper would also be helpful.
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