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Abstract: Driving heavy vehicles with dangerous cargo involves various work environments that
can significantly impact road safety. This research aims to study the impact of oil and gas tanker
drivers’ work environment on driving performance to identify and address any issues that may affect
their ability to carry out their jobs effectively. To achieve this, a quantitative approach was employed
using a questionnaire survey adapted from the literature review. The data collected from a sample
of drivers of oil- and gas-heavy vehicles were analyzed using structural equation modelling. The
study’s findings reveal a significant association between the drivers’ work environment and driving
performance, represented by a path coefficient of β = 0.237. These results highlight the substantial
contribution of the work environment to driving performance, with an effect of 63%. Consequently,
the study emphasizes the importance of considering the work environment as a potential factor when
assessing and enhancing tanker drivers’ driving abilities during oil and gas transportation.

Keywords: road safety; work environment; driving performance; human factors; dangerous cargo;
oil and gas tanker drivers; SEM

1. Introduction

Long-haul tanker driving in developed countries has been identified as hazardous,
posing health risks to drivers [1]. The trucking industry operates in a highly competitive
market with demanding delivery and scheduling requirements, and drivers are typically
compensated based on the distance they travel. This industry is characterized by numerous
interrelated stresses that increase the inherent dangers associated with transportation and
have implications for driver health and road safety [2]. Truck drivers face a work environ-
ment marked by excessive workload, poor task management, chronic stress, unpredictable
schedules, interrupted sleep patterns, and strict time constraints. These conditions have
been associated with stress, exhaustion, sleep apnea, musculoskeletal and gastrointestinal
issues, and road accidents, some of which are fatal for drivers and the general public [3].

The detrimental work environment poses risks to truck drivers’ health and compro-
mises road traffic safety. Workload demands play a significant role in the development of
exhaustion. At the same time, occupational stress, work shifts, and long working hours
with unpredictable schedules have been linked to sleep problems, thereby reducing driving
performance [4]. Stress factors such as excessive work hours, monotonous driving duties,
stressful work contexts, exhaustion, tight-running schedules, irregular shift work, financial
pressures, and social isolation contribute to the increased risk of on-the-job fatalities among
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truck drivers, which is 11 times higher compared to the overall working population [5]. Ad-
ditionally, there are over 500,000 documented truck accidents annually, with a fatal collision
rate that is 50% higher than the rate for all vehicle crashes [6]. In Malaysia, there has been a
continuous up-and-down in the occurrence of serious accidents involving heavy vehicles.
These accidents are responsible for over 80% of fatalities involving other vehicles [7]. The
size and weight of these heavy vehicles play a significant role in the severe damage and
impact in road accidents involving both the vehicles themselves and those they collide
with [8].

Malaysia is the second-largest South-East Asian petroleum and gas producer and the
world’s second-largest liquefied natural gas exporter [9]. Transportation plays a significant
role oil and gas industry. Transportation not only contributes to the country’s economy but
also plays a crucial role in facilitating daily activities related to the oil and gas sector. Oil
and gas tanker drivers in Malaysia operate in complex work environments characterized
by long-distance driving, challenging road conditions, strict schedules and deadlines to
meet customer demands, and adherence to stringent safety regulations. Additionally,
their responsibilities extend beyond driving the tanker, encompassing various other tasks
associated with the transportation process. The work environment of oil and gas tanker
drivers, characterized by long working hours, irregular schedules, and demanding physical
requirements, significantly affects their driving performance. Research has shown that
long working hours and irregular schedules lead to fatigue, impaired cognitive function,
and an increased risk of accidents. Similarly, high stress levels and demanding physical
requirements negatively impact driving performance by reducing a driver’s ability to
concentrate and respond to changing road conditions. Previous studies conducted in
Malaysia have explored the impact of fatigue, stress, and other work-related factors [10–12],
safety culture [13], and psychological risk factors [14]. However, these studies overlooked
the influence of the working environment on driving performance, making it critical to
examine how the work environment affects the performance of heavy vehicle drivers.

Against this backdrop, the present research aims to discuss the unique occupational
context of driving and transporting oil and gas. Specifically, this study investigates the
potential relationship between the work environment and the performance of Malaysian
oil and gas tanker drivers. The overarching objective is to provide the oil and gas trans-
portation industry and other stakeholders with practical evidence to establish regulations
that mitigate the negative impact of the work environment on driving performance.

In the business economy, accidents can result in various losses for companies, includ-
ing injuries to staff, material and moral losses, damaged property, production disruptions,
fines, and a damaged reputation [15]. Similarly, road accidents have a significant impact on
the environment. There is particular concern about the safety of transporting hazardous
materials in heavy vehicles due to the potential for fires, explosions, groundwater contami-
nation, and adverse effects on human health if hazardous materials are spilt inadvertently
or as a result of road accidents [16]. Furthermore, road accidents have social implications,
often leaving victims financially depleted due to expenses arising from the aftermath and
legal procedures. Based on these facts, individuals are frequently affected socially, often ex-
periencing loss of employment, social degradation, and other financial disadvantages [17].
Social isolation is one of the most distressing conditions faced by road crash victims, as
they have limited opportunities to express their emotions and receive support. The situ-
ation of the responsible parties in road crashes is also highly problematic, as it can lead
to significant psychological and social consequences in their future lives [18]. Studying
drivers in the oil and gas transportation industry is crucial for several reasons. Firstly,
they handle flammable and hazardous materials, and any mistakes can cause accidents,
environmental damage, and loss of life. Secondly, the efficient and safe transportation
of oil and gas is vital to the industry’s success. Analyzing driver performance helps to
identify and address issues, leading to overall industry improvements. Lastly, drivers of
large, heavy vehicles with dangerous cargo face high stress, long hours, and risky work
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environments. Thus, understanding the work environment of oil and gas tanker drivers
will mitigate road crushes and enhance road safety.

2. Literature Review
2.1. Oil and Gas Transportation

Heavy vehicles are referred to as large vehicles used for the road transportation of
goods. The heavy vehicle fleet in Malaysia comprises almost one million units [7]. The large
dimensions and weights of these heavy vehicles contribute to the severity of their effects
on other vehicles [8]. Because of their large dimensions, heavy vehicles have operating
limitations, for example, long stopping distances, limited manoeuvrability, and large blind
spots, making it important to pay additional attention to road safety [7].

Currently, the transportation of oil and gas via tanker trucks plays a crucial role in
global distribution. Truck transportation offers benefits such as availability and flexibility
for the delivery of oil and gas products. Tankers transport these resources via roads, en-
abling their distribution to various locations. Moreover, transporting oil and gas by tanker
truck is particularly suitable for short distances, often used at the end of the distribution
process, such as conveying refined items from a facility to consumers. Due to limited
storage space at oil and gas stations and their remote positioning from railroad tracks,
tanker trucks are an ideal choice for delivering industrial services [19]. However, while the
distribution of refined petroleum resources to petrol stations is primarily carried out using
truck transportation, road accidents involving oil and gas tankers have become a global
issue, with severe consequences for both human lives and material resources. Therefore,
gaining an understanding of the impact of these accidents is essential for implementing
effective safety management solutions.

2.2. Relationship between the Work Environment and Driving Performance

Driving performance is defined as the effectiveness with which one performs one’s
driving responsibilities. Driver attentiveness, response time, and concentration while driv-
ing are all indicators of effectiveness [20–22]. Work environment is defined as the physical
environment related to drivers’ workplace conditions such as noise, temperature, climate,
weather, other vehicles, road signs, things on the road/roadside, and other members of the
traffic system [23].

Various work environment factors can significantly impact driver performance. For
instance, work schedules and activities play a crucial role, with driving fatigue acting as
a mediator. One study revealed that driving fatigue partially mediates the relationship
between work schedule and driving performance, and fully mediates the relationship
between work activities and driving performance [11]. Fatigue and rest also play a critical
role, as professional drivers require sustained attentiveness and adequate rest. Research
has shown that accidents are more likely to occur after rest days due to prolonged work
engagement and insufficient rest [24]. The mental workload experienced by drivers is
another important factor affecting driving performance. Validity and reliability studies
have been conducted using a driver activity load index questionnaire to assess the mental
load of drivers [25]. Technical factors, such as road quality, truck conditions, weather,
and environmental psychology factors, have been found to impact the travel timeliness
and work motivation of coal haul drivers [26]. Furthermore, the driver’s mental state and
passenger compartment conditions can influence driving performance and stress levels.
Studies indicate that the driver’s initial stress and tiredness significantly impact driving
behavior and fatigue. Additionally, emotions such as sadness and the interior conditions of
the vehicle can impair driving and affect compliance with traffic regulations [27]. These
examples highlight the importance of considering various work environment factors when
examining their impact on driver performance.

High-stress levels negatively impact driving performance by reducing the driver’s
ability to concentrate and respond to changing road conditions, particularly for drivers
facing high physical demands or tight deadlines [28]. Distractions and poor work environ-
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ments can create distractions that can impair driving performance, for example, working in
a cluttered or poorly designed workspace [29]. Health and a poor work environment can
also negatively impact a driver’s overall health, impacting their driving performance. For
example, poor nutrition or inadequate rest can impair cognitive function and increase the
risk of accidents [1].

Interactions between workers and their environment can impact the outcomes of the
job demand. According to Gómez-Ortiz [30], drivers usually complained about working
conditions such as temperature, noise level, chair design and layout, high vibratory level,
and insufficient illumination. The importance of the working environment for transport
drivers has been shown, since their workplaces are dynamic and exposed to nature. Poor
working conditions can impact other factors, such as stress, job tension and safety [31]. For
instance, Horberry [32] conducted an analysis involving 31 university students. Findings
from the simulation revealed that different environmental complexities impaired several
aspects of driving performance. The study also suggested that drivers in different age
groups need to take care of distractions in complex and straightforward highway envi-
ronments during driving duty to avoid performance decrements. Similarly, Ahlström [33]
conducted a study involving 30 drivers in a driving simulation. This study compares two
road ecosystems: winding roads with a rural environment and low traffic density, and
how they affect low performance. In addition, the simulated study revealed decreased
subjective performance because of night-time driving and time spent on tasks. Thus, the
two road environments affect driving performance differently.

On the other hand, adverse weather can significantly influence driver and vehicle
performance. The character and behaviour of vehicle users are the most important ele-
ments influencing driving performance under inclement weather. The results indicate that
the drivers’ conduct and performance under clear and rainy conditions differed signifi-
cantly [34]. Road weather conditions have a sustainable impact on the drivers’ responses
and decision-making [35]. Other studies showed that fog significantly affected driver
behaviour and safety, leading to slower speeds, longer reaction times, and more frequent
collisions [36,37].

In conclusion, this literature review highlights the significant impact of various work
environment factors on driver performance. Factors such as work schedule, activities, and
driving fatigue have been found to be interconnected, with driving fatigue acting as a
mediator. Adequate rest and sustained attentiveness are crucial for professional drivers to
maintain optimal performance and reduce risk of accident. The mental workload experi-
enced by drivers also influences their performance, and tools such as the driver activity
load index questionnaire were developed to assess this factor. Technical factors, including
road quality, truck conditions, weather, and environmental psychology, play a role in travel
timeliness and work motivation. The driver’s mental state and passenger compartment
conditions have been shown to affect driving behavior, stress levels, and compliance with
traffic regulations. High stress levels, distractions, poor work environments, and health-
related issues further hinder driving performance. The working environment, particularly
for transport drivers, has been recognized as a dynamic and nature-exposed space that can
impact stress, job tension, and safety. The complexity of road environments and adverse
weather conditions also affect driving performance and decision-making. Adverse weather
conditions, such as fog, rain, and different road ecosystems, have been found to signifi-
cantly influence driver behavior, speed, reaction times, and collision risks. Understanding
and addressing these work environment factors are essential for promoting safe and ef-
fective driving practices. However, research on how the working environment impacts
driver’s performance in the energy transportation segment, notably in Malaysia, is lacking.
Consequently, this research will provide a case study by examining these critical factors in
the Malaysian oil and gas transportation sector.

Based on the literature review, this paper will proceed as follows: Section 3 will outline
the research methodology employed in studying drivers in the oil and gas transportation
industry, including data collection methods, sample selection, and analysis techniques.
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Section 4 will present and analyze the findings of the study. Section 5 will provide a com-
prehensive discussion of the findings, linking them to the existing literature and theoretical
frameworks. Finally, Section 6 will summarize the key findings, discuss their implications,
and provide concluding remarks, limitations and suggestions for future researchers.

2.3. Underpinning Theories
2.3.1. Arousal Theory

Arousal theory maintains that driving performance declines due to decreased arousal
because of the high monotony of stimulus presentation, i.e., the roadway environment [38].
A primary concern in long-haul oil and gas tanker driving is that long distances can induce
the experience of monotony and boredom for the driver. Boredom can then lead to the
driver’s mind wandering. Subjective negative experiences in prolonged, simple tasks have
been interpreted as associated with increased mind-wandering [39,40]. In this state of mind-
wandering, cognitive processing is directed away from the primary task, towards internally
oriented goals, such as recalling previous experiences or simulating future experiences
and actions (e.g., “daydreaming” or planning). This reallocation of attention and cognitive
processing is responsible for performance detriments in any given task [41].

Arousal theory suggests that individuals have an optimal level of arousal that affects
their performance. When arousal levels are too low, performance is suboptimal and can also
be impaired. In the context of Malaysian oil and gas tanker drivers, work environment can
impact their arousal levels, leading to either suboptimal or impaired driving performance.
For example, long working hours, irregular schedules, and high stress levels can lead to
fatigue and reduced arousal levels, negatively impacting driving performance. On the
other hand, distractions and poor work conditions, such as working in a cluttered or poorly
designed workspace, can create a high level of arousal, impairing driving performance.
Furthermore, environmental factors such as poor land conditions, adverse weather, and
road environments can also impact arousal levels and driving performance. For instance, a
monotonous road environment can lead to insufficient attention among drivers, reducing
arousal levels and leading to a suboptimal driving performance.

As you can see, arousal theory can explain how environmental factors can impact
the optimal level of arousal among Malaysian oil and gas tanker drivers, leading to either
suboptimal or impaired driving performance. It is crucial to consider the optimal level of
arousal for drivers and create a work environment that promotes this level of arousal for
optimal driving performance. As a result, arousal theory encompasses the relationship
between work environment and driving performance via road monotony and many work
conditions, making work environment a factor contributing to poor driving performance.

2.3.2. Transactional Model of Driver Stress

The transactional model of driver stress is a theoretical framework that aims to inte-
grate both subjective and objective data to explain the development of driver stress [42].
According to this model, stress reactions to driving may impair performance and compro-
mise safety. The model is based on Lazarus and Folkman’s [43] transactional model of
stress, which suggests that stress is a result of the interaction between the individual and
the environment. The transactional model of driver stress aims to explain how cognitive
stress processes of appraisal and coping control disturbances of subjective state during
driving [44]. The model suggests that both personality factors and situational stressors may
elicit maladaptive patterns of cognition that generate subjective stress symptoms, elicit
potentially dangerous coping strategies, and interfere with information processing and
attention to the task at hand [44].

In this study, based on this model, we suggest that the work environment might be
a source of stress for drivers. When drivers view their work environment to be difficult,
stressful, or lacking in basic resources, their stress levels rise. This, in turn, can have a
detrimental influence on driving performance. Stress can decrease attention, decision-
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making, response times, and overall cognitive functioning, all of which are important for
safe and efficient driving.

3. Methodology

The study plan was built utilizing a conceptual model. According to the literature
review and research gap, the research framework was developed to build the hypothesis
underlying the analysis that will be tested using practical data [45]. This method is divided
into three stages: (i) finding model structures, (ii) categorizing constructions, and (iii) speci-
fying connections between model constructs [46]. Figure 1 depicts the research design and
method used.
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The study adopted measurement equipment from the existing literature for the work
environment and driving performance. As a consequence, three stages of questionnaire
surveys were included in this study. The primary stage is the survey’s content and face
validity, while the next stage is the pilot study. The pilot study is usually required to test
the reliability of the research instrument before collecting primary research data [47]. The
objective of the face and content validity was to assess the relevance and clarity of the
measurement used. Five experts in the field and academics reviewed the questionnaire,
and all of their comments were taken into consideration. Subsequently, in the pilot study,
we distributed 50 questionnaires and, based on the 30 returned questionnaires, we as-
sessed reliability and consistency using Cronbach’s alpha. The reliability coefficient of
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Cronbach’s alpha exceeded 0.70, which is considered acceptable. Finally, the main survey
was conducted to test the hypothesis.

3.1. Design of Survey and Data Collection

Based on the literature analysis, a cross-sectional questionnaire was methodically
developed. In response to the preliminary questionnaire pilot study, all comments were
considered, and changes were made. The study was conducted in Malaysian areas. The
main questionnaire was distributed to a diverse group of potential oil and gas tanker drivers
to study the influence of the work environment on driving performance. Furthermore, the
sample size was determined using Morgan table’s methodological analyses [48]. Kline [49]
indicated that a comprehensive route model required 200 or more sample sizes. This work
used the PLS-SEM analysis strategy, with over 350 questionnaires disseminated among
drivers of oil and gas tankers working in oil and gas transportation firms, using a random
stratified sample technique. The questionnaire was administered in person and received a
high response rate of more than 80%.

These measurable questionnaire factors were established to examine two variables
using respondents who answered regarding whether or not they agreed with each item on
a five-opinion of Likert scale, whereby 1 = never, 2 = seldom, 3 = neutral, 4 = often, and
5 = always. The work environment, measured through 9 items, was adapted from [50,51]:
“Generally, I feel comfortable with the temperature of my tanker cabin”, “I sweat heavily
while performing my work”, “My work environment is very quiet and comfortable”, “I
can see my work clearly”, “It is very hot, and I feel uncomfortable here”, “Feel comfortable
and less sweating”, “It is very noisy and difficult to communicate here”, “I feel stressed
when I drive my tanker during the rain”, “Driving during fog weather makes me tired”.
Eleven items were used to measure driving performance according to driver vigilance,
attention and the reaction time of drivers [11]: “Operating entertainment systems do not
distract me from driving (e.g., playing radio)”, “Operating navigation systems do not
distract me from driving”, “I sometimes push the wrong pedal”, “My reactions are faster
than they used to be (e.g., braking in an emergency)”, “I sometimes cannot judge my
speed”, “I have no difficulty judging the speed of oncoming vehicles”, “I have no trouble
judging the distance from the vehicle in front”, “I have no difficulty identifying and reading
road signs”, “I sometimes cannot hear the horns of other vehicles/sirens from emergency
vehicles”, “Sometimes my speedometer is hard to read during the daytime”, “Sometimes
my speedometer is hard to read during the night time”.

Based on the literature review, the questionnaire was adapted from previous studies.
The questionnaire consisted of two sections: the first section collected personal information,
while the second section focused on the variables of this study, namely work environment
and driving performance, with a total of 20 questions. Data collection was conducted using
a stratified sampling technique. This involved defining the population and dividing it into
strata based on oil and gas transportation companies. Sample sizes for each stratum were
determined, and data were randomly collected from each company. The data collection
process was carried out in person for one and a half years, from the end of 2019 until the
first quarter of 2022. In the inclusion/exclusion criteria, we included all drivers holding
a heavy vehicle license and currently working in the oil and gas transportation company.
However, we excluded drivers who were still undergoing training.

Before running several data-screening procedures, the data were cleaned and imported
into statistical software. Prior to filtering the process data, the variable items were keyed in
as code form. The number of tests performed in the data screening was decreased to 304
due to the removal of outliers discovered in the findings.

Personal information was collected from respondents participating in the question-
naire, and basic descriptive statistics were used to summarize their data. The analysis
reveals that the majority of respondents (99.7%) were male, with 0.3% female respondents.
In terms of age groups, 14.7% were in the 20–29 age group, 48.2% were in the 30–39 age
group, 26.4% were in the 40–49 age group, 10.1% were in the 50–59 age group, and 0.7%
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were 60 years and above. Regarding ethnicity, 93.8% of respondents were Malay, 1.6%
were Chinese, and 4.6% were Indian. In terms of marital status, 84.4% were married, 12.7%
were single, and 2.9% were separated. In terms of education, the majority (83.7%) had
secondary education, 12.7% had a college diploma, 2.6% had primary education, and 1%
had graduate/postgraduate education. Regarding the number of years worked in the field,
the highest percentage (32.2%) fell within the 1–3-year range. A total of 28% had worked
for 4–6 years, 19.9% had worked for less than 1 year, 10.4% had worked for 7–9 years, and
9.4% had worked for 10 years or more.

3.2. Structured Equation Modelling as an Analysis Method (PLS-SEM)

Four strategies were compared to identify the best strategy to choose the most ap-
propriate technique to analyse this study model. These analysis strategies were selected
based on their suitability and relevance to the research objectives of developing a driving
performance model by integrating the work environment and analyzing the present study
data to test the hypothesis. System Dynamic (SD), Artificial Neural Network (ANN), Multi-
ple Linear Regressions (MLR), and Structural Equation Modelling (SEM) were analyzed.
First, the system dynamics method was unsuitable for the current data, as it is unrelated to
time. Additionally, while the artificial neural network is useful for forecasting, this study
aims to investigate the impact of the work environment on driving performance. Third,
linear regression was not used, since the relationship between variables was not discovered,
which is a critical limiting factor for utilizing the regression equation. Finally, because the
Structural Equation Modelling SEM approach depicts the association between multiple
relationships and non-observable constructs, it is suited to the study’s requirements. The
SEM is a useful technique for handling variable errors [52].

Consequently, the present study used the SEM technique to assess the association be-
tween work environment and driving performance through the measurement and structure
model. According to Byrne [53], SEM was grown in a non-experimental study technique
with previously unknown processes for hypothesis testing. Furthermore, Yuan [54] discov-
ered that SEM is a commonly utilized method to analyze data in social science studies.

Therefore, Partial least squares Smart-PLS is widely used as a substitute for SEM
analysis [55]. Among other analysis software, for example, LISREL (developed by Karl
Joreskog, Scientific Software International, Inc., Lincolnwood, IL, USA) and AMOS (IBM
Corporation, Armonk, NY, USA), the PLS-SEM v. 3.3.5 which was developed by SmartPLS
GmbH (Oststeinbek, Germany) is a more powerful and flexible tool for creating and
forecasting the multi-relationships model [56]. The PLS route model is better suited to
complicated models with hierarchies and a thorough disaggregation approach [57,58].

According to previous studies, the PLS-SEM analysis method was used in different
fields, such as the transportation sector [59–61], construction industry [62–64], competitive
performance [65], education [66,67] and management [68,69]. Therefore, as PLS-SEM is
considered a failed method to apply the SEM and test the model hypotheses, the present study
employed PLS-SEM to measure the influence of work environment on drivers’ performance.

4. Results
4.1. Check Common Method Variance

Common method bias refers to an error in measurement that can affect the validity of
the research. It represents a systematic variation in error associated with both estimated
and measured variables [70]. One commonly used approach to measuring common method
bias is the Harman single-factor test, which examines the presence of a single underlying
factor that explains the variance in different measures [71]. In this study, the single-factor
test was employed to assess the variance resulting from the standard technique [72]. The
results indicate that if the total variance of the variables is below 50%, the data are not
influenced by common method bias (Reference [56]). Table 1 presents the distribution of
variance, with the variables accounting for 36.21% of the total variance, indicating that the
findings are not impacted by common method bias, as it falls below the 50% threshold [71].
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Table 1. Common method bias.

Extracted Sums of Squared Loadings

Total % Of Variance Cumulative %
7.967 36.211 36.211

4.2. Measurement Model

According to Hair Jr. [73], assessing the measurement model comprises measuring (i)
the reliability coefficient, (i) the average variance-extracted AVE, (ii) composite reliability,
and (iv) discriminative validity. Wong [74] indicated that the PLS approach examines
convergent validity with the maximum iteration of 300 and a 1.0 weighting criterion.
Table 1 displays that the outer loadings for all variable items in the measurement model
were greater than 0.70, except WC3, which was 0.696. Thus, values greater than 0.70 are
qualified for further analysis [73]. Outside load indicators between 0.40 and 0.70 must only
be deleted if doing so significantly gains CR and AVE; hence, we did not remove WC3 [75].
For all outer loads higher than 0.70, the internal reliability of composite reliability (cr) was
determined [73]. As illustrated in Table 2, and Figure 2, all elements in the study model
contained more than 0.70 acceptable criteria. AVE tested convergent validity in the model.
Thus, the construct values should be more than 0.50, as Wong [74] suggested. Thus, in
this model, the AVE was above 0.50 for all constructs, which is considered an acceptable
convergent value.

Table 2. Constructs convergent validity.

Constructs Items Outer Loading Cronbach’s Alpha Composite
Reliability AVE

Work environment
(WC)

WC_1 0.925

0.963 0.969 0.778

WC_2 0.892

WC_3 0.696

WC_4 0.899

WC_5 0.924

WC_6 0.920

WC_7 0.921

WC_8 0.889

WC_9 0.847

Driving performance
(DP)

DP_1 Deleted

0.962 0.967 0.747

DP_2 0.877

DP_3 0.870

DP_4 0.858

DP_5 0.871

DP_6 0.874

DP_7 0.875

DP_8 0.837

DP_9 0.850

DP_10 0.877

DP_11 0.854
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Discriminate validity is described as a notion that differs considerably from the other
constructs, depending on the criteria that are detected. Model discriminative validity
implies that distinct construct capture occurrences are not adequately represented in the
model otherwise [76]. The current study investigated discriminant validity using the
technique of Fornell and Larcker [77] and cross-loading criteria. Compare the square AVE
roots of each construct with their correlations to determine the discriminating construction’s
validity. The AVE’s square root should be greater than the correlation between latent
variables, according to Fornell and Larcker [77]. Table 3 indicates the measuring model’s
discriminating validity [78].

Table 3. (Fornell–Larcker) discriminant validity.

Construct Driving Performance Work Environment

Driving performance 0.864 –

Work environment 0.693 0.882

One of the methods used to test discriminant validity is cross-loading. It was also
employed to measure discriminant validity. This approach aims to assess indicators’
loading on a certain latent construct, which should be higher than the loading of all other
constructs in the same row. This indicates that the loading value must be bigger on the
primary construct of indications or objects than on the other constructs. Table 4 shows
that all latent variables’ loading is larger than other constructs in the same row. Thus, the
outcomes of each component are highly one-dimensional.

4.3. Structural Model

Path analysis between the model relationships is preferred for management and social
science analytical approaches. Path analysis is another powerful method for simultaneously
analyzing several complicated research relationships [79]. Thus, SEM can be utilized to
assess the relationships between model variables. Therefore the structural model elaborates
on the relationships between study model constructs [80]. The results usually demonstrate
a relationship between independent variables and dependent variables. The fitting of the
complete model, including assumed dimensions and significance, is the primary emphasis
of structural model evaluation [80]. The study relationship was discussed in the last part of
the literature review.

PLS-SEM was employed in this study model to analyze the impact of work environ-
ment on driving performance in accordance with the research setting. The hypothesis
of the current model was tested using the bootstrapping technique. This method creates
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samples that mimic the original data. It was used to assess the calculated path coefficient’s
reliability, predictive power and accuracy [81].

Table 4. Cross-loading of discriminant validity.

Item Driving Performance Work Environment

DP_10 0.877 0.627

DP_11 0.854 0.557

DP_2 0.877 0.595

DP_3 0.870 0.612

DP_4 0.858 0.628

DP_5 0.871 0.597

DP_6 0.874 0.611

DP_7 0.876 0.581

DP_8 0.837 0.57

DP_9 0.850 0.607

DP_10 0.878 0.627

WC_1 0.642 0.925

WC_2 0.653 0.892

WC_3 0.613 0.696

WC_4 0.587 0.899

WC_5 0.609 0.924

WC_6 0.59 0.920

WC_7 0.609 0.921

WC_8 0.598 0.889

WC_9 0.572 0.847

The model variables were analyzed to test the path coefficients (β), and identify the
significance of path p-value and R2 to know how the independent variable explains the
variance of the dependent variable. As a result of the bootstrapping run, the p-value of the
path significant among study variables is shown in Table 5. According to the findings, the
work environment had a statistically significant effect on driving performance, with a path
coefficient (β = 0.237) and a significant p-value of 0.017.

Table 5. Hypothesis path coefficient, p-value.

Path β SE t-Value p-Value

WC→ DP 0.237 0.099 2.391 0.017

4.3.1. The Structural Model’s Explanatory Power R2

The power of the structural model may be identified by evaluating how the dependent
variable explains the variance in the model’s dependent variable. The SEM-PLS technique
addresses R2 in the same way that traditional regression does. In structural equation
modelling (SEM), the R-squared, also known as the coefficient of determination, measures
how well the model’s latent variables can explain the observed variables in a model. It
ranges from 0 to 1, with higher values indicating a better fit [82].

The current study model’s description of how independent variables explain the
dependent variable uses the R2 test. As revealed in Table 6, R2 for the dependent variable
of this study, which is driving performance computed by the PLS technique, was 0.638,
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suggesting that the latent independent variable, work conditions, can explain 63% of driving
performance. Based on Chin [81], R2 63% results indicate that the variation represented by
work environment is at a substantial level.

Table 6. Explanatory power R2.

Endogenous (Dependent Variable) R2 Status Explanation

Driving Performance 0.638 Substantial

4.3.2. The Structural Model’s Predictive Relevance

The Structural Model’s Predictive Relevance refers to the ability of a structural equation
model (SEM) to accurately predict the values of the endogenous (dependent) variables
based on the values of the exogenous (independent) variables. In other words, it measures
how well the model’s estimates of the relationships between variables correspond to the
actual relationships in the population [83,84].

The findings displayed that the Q2 value in this model is (0.46), which means the
exogenous construct work environment has a predictive value for the dependent variable
in this research model [83]. Table 7 shows that Q2 is larger than zero, indicating that the
model has substantial predictive relevance.

Table 7. Predictive relevance of the model Q2.

Dependent Variable SSO SSE Q2 (=1 − SSE/SSO)

Driving performance DP 3040.000 1623.262 0.46

4.4. Analysis of the Importance-Performance Matrix (IPMA)

IPMA is a tool that is used to evaluate the relative importance and performance of
various factors in a particular system or organization [83]. IPMA extends SEM results by
accounting for the performance of each variable. The result is usually obtained according to
two factors (importance) and (performance). These two factors are crucial when choosing
management tasks [73]. The findings of the structural model were named importance,
and the mean value of the latent component scales’ performance was utilized to suggest
parts that could be improved in management approaches (or the essential emphasis of the
model). In the current study, IPMA used work environment as the dependent variable.
Table 8 displays the exogenous variables’ importance and performance.

Table 8. Work conditions’ importance and performance.

Predictor Importance Performances

Work environment 0.237 65.838

5. Discussion

This research aimed to look at the effect that work environment has on driving per-
formance. The driving environment is defined as the outside vehicle area on road traffic,
for example, road marks, road signs, road infrastructure, other vehicles, roadside ob-
jects, and other traffic, such as cyclists and pedestrians [23]. The study results further
revealed the significant impact of work environment on driving performance (β = 0.237),
(t = 2.391), (p < 0.017). This outcome aligns with previous research demonstrating a re-
lationship between work environment and driving performance [31,85–88]. Thus, the
literature is unanimous that work environment significantly impacts driving performance.
Horberry [32] reported that different environmental complexities impaired several aspects
of driving performance. Conversely, Ahlström [33] argued that there was a decrease in
driver performance due to changes in the road environment. Thiffault and Bergeron [89]
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discovered that, while driving in a more monotonous road environment, the early time-on-
task impact on driving performance indicates decreased vigilance. Furthermore, adverse
weather may substantially influence highways by impacting roadway conditions, vehi-
cle performance, and driver performance [34]. Therefore, the current study results were
consistent with previous study findings.

The road environment is often more exposed to increased danger for drivers due
to the intensity and frequency of hot days and storm activity. Islam [90] demonstrated
that climate changes during driving duties increase road traffic accidents. Drivers have
constantly criticized aspects of work environments such as noise level, temperature, chair
design and layout, high vibratory levels, and insufficient illumination, according to Gómez-
Ortiz [30]. It has been proven that work conditions are important for transport drivers
because their workplaces are flexible and exposed to nature. Furthermore, lousy working
conditions may impact other elements (such as stress, job tension, and safety) [31].

The driving environment for Malaysian oil and gas tanker drivers involves navigating
a diverse range of road conditions and traffic congestion. Although Malaysia has a well-
developed road system in its urban areas, the terrain in rural areas may be more difficult.
Hazardous material transportation is subject to stringent safety regulations, which place
a strong emphasis on following road safety laws and taking preventative measures to
avoid mishaps or spills. It is critical to adapt to tropical weather conditions, including
heavy rainfall. In order to ensure the effective and secure transportation of oil and gas
products, drivers must generally carefully plan their routes, control traffic, and prioritize
safety to keep their performance at a high level, which, in turn, will mitigate road accidents.
Malaysia hopes to achieve its target of reducing road fatalities by 50% by the year 2030 and
avoid all the economic losses related to road accidents. Therefore, this study’s efforts and
findings will help Malaysia achieve its 2023 vision.

This discussion focuses on the impact that work environment has on driving perfor-
mance. The study results revealed a significant relationship between work environment
and driving performance, which is consistent with previous studies in the different sectors.
Thus, environmental complexities can impair several aspects of driving performance, and
adverse weather may also substantially influence highways. Overall, the study highlighted
the importance of improving work environment for transport drivers to enhance their
safety and performance.

6. Conclusions

This study shows that the management of oil and gas companies should be aware of
the negative effect that road conditions have on the drivers to avoid the consequences of a
low driver performance. Moreover, the study of Malaysian drivers of oil and gas tankers
perceived that the road environment decreased their physical and mental abilities during
driving duties. To address these issues, oil and gas companies must implement policies and
practices that promote the health and well-being of their tanker drivers. This may include
measures such as providing adequate rest breaks, implementing flexible scheduling, and
supporting stress management and physical fitness. By improving the work environment
of tanker drivers, companies can aid in decreasing the risk of crashes and improve the
overall safety of their operations.

This study provided many implications and contributions for many stakeholders and
the literature review, as presented below:

• Expand the corpus of knowledge: Investigating the influence of work environment on
driver performance adds valuable insights and empirical evidence to the understand-
ing of this critical industry. The findings of this study expand road safety scholars’
understanding of the complex dynamics involved in energy transportation and pro-
vide a solid foundation for further research in this area.

• Attention to the influence of the work environment: One of the key contributions of
this research is its experimental establishment that the work environment has a large
and detrimental influence on driving performance. These findings pave the way for
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future studies to explore interventions and strategies to mitigate the negative impact
of many aspects of the work environment on driving performance.

• Informing executives in the energy transportation industry: The present research
delivers comprehensive information that is particularly relevant to executives and
decision-makers in the energy transportation industry. By providing insights into the
influence of work conditions on driving performance, this study equips executives
with valuable knowledge to optimize working conditions for drivers. This understand-
ing can lead to the implementation of measures that enhance driver safety, well-being,
and performance, ultimately benefiting the energy transportation firms as a whole.

• Benefits for drivers and supervisors: The implications of this study extend beyond the
executives and the industry. By emphasizing the relevance of the work environment
and its influence on poor driving performance, this research serves as a valuable
resource for drivers and supervisors alike. It highlights the importance of creating
conducive work environments that promote attentiveness during transportation du-
ties. The study’s focus on drivers’ performance serves as a reminder to supervisors
to prioritize training, support, and monitoring measures that can enhance drivers’
performance and overall safety.

Despite its contributions, this work acknowledges several limitations linked to gath-
ering data and generalizing results. To begin with, the questionnaire sample comprised
drivers of oil and gas tankers from a single nation, Malaysia. Clearly, the results may not
apply to other developing nations; thus, future research should focus on different regions
of Southeast Asia. Second, while this research focused on oil and gas tanker drivers, the
impact of transporting goods cannot be overstated, considering the growing amounts of
international commerce and freight transit. As a result, future studies should focus on large
freight trucks and the problems they face. Finally, this study’s methodological weakness is
that it uses self-report questionnaires to measure driving performance. It is preferable to
undertake an experimental study for future research. Additionally, we recommend that
future researchers consider implementing the multi-trait-multimethod matrix or employ
mixed methods, such as combining questionnaires and interviews, to measure the variance
between two distinct constructs in both self-reported and objective data.
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