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1. Introduction

The trucking industry is a pillar of the global supply chain, given to its role in facilitating the movement of goods and
supporting economic growth and development. In Malaysia, the freight logistics market is experiencing robust growth,
projected to increase from USD 28.93 billion in 2023 to USD 43.39 billion by 2032. While this growth is economically
beneficial, it simultaneously raises concerns about the environmental impact, particularly concerning greenhouse gas
emissions and resource consumption. This is because the trucking industry has positioned as a major contributor to greenhouse
gas emissions and high energy consumption, due to continued reliance on fuel and energy-intensive operations. Escalating
concerns about environmental issues, coupled with the implementation of increasingly stringent regulatory frameworks, have
increased pressure on trucking firms to integrate sustainability principles into operational and strategic decision-making
processes.

To address these challenges, trucking firms are increasingly adopting green logistics practices, particularly through the
adoption of technological advancements, the implementation of green training initiatives and the utilization of alternative
fuels to improve environmental performance and overall firm performance. Technological innovations enable route
optimization, predictive maintenance, and improved fuel efficiency, thus contributing to reductions in emissions and operating
costs (Marcuta & Moldstud, 2025, Guo et al., 2022, Kalwar, 2024; Lookman et al., 2023; Sharma et al., 2023). In parallel,
green training programs play an essential role in shaping driver behavior, reducing fuel consumption, and fostering a
sustainability-oriented organizational culture (Lam & Chuyen, 2024; Wongthongchai et al., 2019; Yafi et al., 2021). Besides,
the use of alternative fuels offers a feasible approach to reducing carbon emissions while improving long-term cost efficiency
and ensuring compliance with regulatory requirements (Al-Mohannadi et al., 2024; Li et al., 2025; Vilchez et al., 2022).
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While the literature on green logistics and sustainable transportation continues to expand, several research gaps remain. First,
empirical studies that focus on technological advancements, green training, and alternative fuel use within a comprehensive
analytical framework are still limited, particularly in the context of the trucking industry. Most existing studies have focused
on the logistics or manufacturing sectors in general, thus limiting the understanding of the distinct operational, regulatory, and
cost structure challenges faced by trucking industry. On the other hand, although green practices are often associated with
improved firm performance, empirical findings remain inconsistent. Factors such as high initial investment costs, lack of
supporting infrastructure, workforce skills gaps, and resistance to behavioral change among drivers often prevent the
achievement of expected performance benefits (e.g. Das and Kaur, 2026; Eneizan et al., 2019; Vilchez et a 1., 2022; Zhang et
al., 2024). These inconsistencies emphasize the need to examine the contextual factors that influence the effectiveness of
green practice implementation.

Beyond internal firm-level initiatives, government support has emerged as an important institutional mechanism in
accelerating the adoption and effectiveness of green practices in the trucking industry (Eneizan et al., 2019). Through the
provision of subsidies, tax incentives, regulatory mandates and infrastructure investments, governments play a role in reducing
the financial and technological risks associated with investments in sustainability (Arora et al., 2023 & Yafi et al., 2021). Such
support not only encourages the adoption of sustainable practices but also enhances the ability of firms to translate green
initiatives into more tangible performance gains. However, while government support is often recognized as a catalyst for
sustainability adoption, its role as a moderating factor that strengthens the relationship between green logistics practices and
trucking firm performance remains underexplored empirically. Most previous studies have assessed government intervention
as a direct driver, rather than as a contextual factor influencing the effectiveness of firm-level sustainability strategies.
Furthermore, empirical evidence focusing on this moderating role in the trucking sector, particularly in developing economies,
is still limited.

In light of these gaps, this study aims to address the following objectives:

1. To examine the relationship between the implementation of green practices (including technological advancements,
green training, and alternative fuels) and firm’s performance in the Malaysian trucking industry.

2. To examine the moderating effect of government support on the relationship between the adoption of green practices
(including technological advancements, green training, and alternative fuels) and firm performance within the
Malaysian trucking industry.

By addressing this research gap, this study is expected to contribute significantly to the green logistics and sustainable
transportation literature, as well as provide valuable practical implications for policymakers and industry practitioners in their
efforts to improve environmental sustainability and competitive performance of trucking firms.

2. Literature Review
2.1 Resource-Based View

The Resource-Based View (RBV) posits that an organization’s performance and competitive advantage stem from its ability
to acquire, develop, and deploy valuable, rare, inimitable, and non-substitutable (VRIN) resources (Barney, 1991). Within the
trucking industry, where operational efficiency and sustainability are critical, adopting RBV offers a theoretical lens to
evaluate how internal and external resources contribute to performance. This framework is particularly relevant for assessing
technological advancements, green training, and alternative fuels as independent variables, with government support as a
moderating factor influencing their effectiveness.

Technological advancements are a key VRIN resource that enhances the efficiency and performance of trucking companies.
Digital tools, fleet management systems, and telematics technologies enable firms to optimize routes, monitor fuel
consumption, and reduce operational costs (Wang et al., 2022). RBV underscores the role of such technologies as resources
that improve operational performance by reducing inefficiencies and ensuring timely deliveries. Additionally, innovations in
automation, such as autonomous driving systems, further position companies to enhance productivity while minimizing labor
costs (Kamble et al., 2020). Measurement approaches to assess the impact of technological advancements often involve
evaluating cost efficiency, delivery timeliness, and service reliability. Government support, such as subsidies for digital
transformation or infrastructure upgrades, can amplify the value of these resources by reducing adoption barriers and
encouraging innovation.

Green training focuses on equipping employees with the knowledge and skills to adopt environmentally sustainable practices,
such as eco-driving, fuel optimization, and emissions management. RBV considers employee expertise a strategic resource
that enhances organizational performance (Barney, 1991). Empirical studies suggest that training programs focused on
sustainability significantly reduce operational costs and improve compliance with environmental regulations (Kravchenko et
al., 2019). Measurement approaches include tracking reductions in fuel consumption, emissions levels, and cost savings post-
training implementation. Government support, such as training subsidies or tax incentives, can moderate the effectiveness of
green training initiatives by lowering financial burdens and motivating firms to adopt sustainable practices (Zhang et al.,
2024).
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The adoption of alternative fuels, such as biodiesel, liquefied natural gas (LNG), and electric vehicles, aligns with RBV by
offering companies a competitive edge in reducing carbon footprints and mitigating rising fuel costs. Alternative fuels are
critical resources that improve sustainability and long-term profitability. Studies demonstrate that firms using alternative fuels
experience significant cost savings and reputational benefits (Albertini, 2013). Measurement approaches for assessing the
impact of alternative fuels include analyzing total cost savings, emissions reductions, and fleet operational efficiency.
Government support, in the form of tax credits, subsidies, or infrastructure development for alternative fuel vehicles, acts as
a moderating factor, enhancing the adoption and effectiveness of these resources (Guldmann & Huulgard, 2020).

2.2 Institutional Theory

Institutional theory posits that organizations are influenced by pressures from their institutional environment, including
regulations, norms, and values (DiMaggio & Powell, 1983). These pressures can drive organizations to adopt certain practices
and structures, even if they may not be economically optimal as to gain legitimacy and support. In the context of the trucking
industry, government regulations and incentives related to environmental sustainability and technological adoption can
significantly influence firms' strategies and performance.

Technological advancements, such as telematics, autonomous driving features, and advanced logistics software, have the
potential to improve trucking company performance through increased efficiency, reduced costs, and enhanced safety
(Shaheen & Cohen, 2019). However, the adoption of these technologies can be costly and complex, requiring significant
investments and organizational changes.

Green practices, such as fuel-efficient driving techniques, optimized routing, and the use of alternative fuels, can contribute
to both environmental sustainability and improved financial performance (McKinnon, 2014). However, the adoption of green
practices may also involve upfront costs and operational challenges, requiring support and incentives to encourage widespread
adoption.

The use of alternative fuels, such as biodiesel, natural gas, and electricity, can significantly reduce greenhouse gas emissions
and dependence on fossil fuels (Borjesson & Ahlgren, 2012). However, the adoption of alternative fuels faces challenges such
as limited infrastructure, high initial costs, and concerns about range and performance.

Government support plays a critical role in moderating the relationship between these independent variables and trucking
firms’ performance. Policies such as subsidies, tax incentives, and infrastructure investments reduce financial barriers, making
resource acquisition and deployment more accessible (Bocken et al., 2019). For instance, technological advancements may
yield better results when government policies incentivize digital transformation or provide grants for research and
development. Similarly, green training initiatives are more effective when governments offer funding or partnerships with
training providers. Lastly, government-backed alternative fuel programs can accelerate adoption rates by mitigating upfront
costs and ensuring a supportive infrastructure (Melnyk et al., 2014).

Integrating RBV and Institutional Theory into the study of trucking companies’ performance highlights the significance of
leveraging VRIN resources technological advancements, green training, and alternative fuels to enhance operational and
financial outcomes. Government support serves as a critical moderating factor, enabling firms to overcome adoption barriers
and maximize resource effectiveness. Future research can further explore the interaction effects between these variables and
develop standardized measurement frameworks for evaluating their impact on performance.

Government Support

Technology Advancement H, H,4| Hs,|Hg

Green Training Firm’s Performance

Alternative Fuels

Fig. 1. Theoretical framework

2.3 Technological Advancements and the Trucking Firm's Performance

The adoption of technological advancement based on green practices significantly influences trucking companies. The
adoption of environmentally sustainable practices particularly on advanced technology, energy efficiency, and vehicle’
operators’ attitude in the trucking firms led to the reduction of greenhouse gas emissions contributed to environment
performance and improved operational efficiency led to better customer satisfaction and profit level (Mlambo et al., 2024).
Systematic reviews indicate that technological advancement is often a primary component of green logistics strategies that
lead to improved performance across metrics such economic, environmental, and operational (Tetteh at al., 2024).
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Empirical evidence suggests that the adoption of green technologies is to be a top factor in improving freight transport
performance outcomes including emissions reduction, fuel efficiency, and operational efficiency (Guo et al., 2022, Marcuta
& MoldStud Research Team, 2025; Kalwar, 2024; Sharma et al., 2023). Lookman et al. (2023) found that firms’ technological
capabilities positively contribute to enhance capacity for innovation which in turn supports competitive trucking companies.
Advanced technologies such as the Internet of Things (IoT), advanced analytics, telematics transform trucking management
by facilitating real-time monitoring, data collection and analytics that support green operational decisions (Marcuta &
MoldStud Research Team, 2025). Furthermore, interaction between green logistic practices and Industry 4.0 technologies has
been shown to promote circular economy adoption and enhance performance outcomes in logistics, trucking and haulage
applications (Lookman et al., 2023 & Sharma et al., 2023). Similarly, Kalwar (2024) highlighted the role of information and
communication technologies (ICT) in improving sustainability indicating that ICT technologies contribute to green logistics
performance, reducing emissions and increasing efficiency. More recently, Rastegardehbidi and Su (2025) identified
technological advancement drives overall firm performance and enhances logistics sustainability.

Advancements in engine and vehicle design have greatly improved fuel consumption and emissions release that mitigate CO2
emissions for long-haul commercial trucking in North America. The improvement in vehicle resistance and drag reduction,
and the design and adoption of hybrid electric powertrains have proven to increase brake thermal efficiency by 55% and
freight efficiency by 150% (Meresht et al., 2023). Meanwhile, in China, emerging transport technologies (ETTS) components
such as eco-driving, fleet platooning, vehicle utilization, optimized vehicle design, and renewable energy trucks have long-
term impacts on trucking companies’ profits and greenhouse gas emissions (Guo et al., 2022). Moreover, the integration of Al
and intelligent transport systems (ITS) further enhances sustainability outcomes by optimizing traffic flow, energy usage, and
maintenance. Kashem et al. (2025) suggest that Al-enabled predictive maintenance and traffic management can reduce
emissions, improve fuel efficiency, and extend vehicle life, simultaneously enhancing operational reliability and
environmental performance.

Such technologies highlight the dual benefits of applying advanced analytics as they contribute to emission reductions (a key
environmental objective) while improving uptime, reducing repair costs, and enhancing scheduling which all crucial
performance indicators for haulage firms. Therefore, this research proposes the following hypothesis:

Hi: Technological advancements positively influence the performance of trucking firms.
2.4 Green Training and the Trucking Firm s Performance

Green training refers to job training and continuous education that help employees enhance the skills needed to handle their
jobs, which are associated with environmental performance and the impact on environmental management within the
organization (Wongthongchai et al., 2019). Green training has a significant role in promoting environmental sustainability
that effectively shapes employees' behaviour to undergo green training and is likely to adopt eco-friendly in their work (Yafi
al., 2021). The continued synergy effects would contribute to the development of a workforce that is knowledgeable, skilled,
and committed to environmental sustainability, ultimately enhancing the companies’ overall performance and sustainability
efforts (Olaiya et al., 2022).

Evidence from the logistics context shows that green training contributes to firm performance by increasing employees'
understanding of environmentally responsible procedures, green training supports cost reduction, operational efficiency and
compliance with sustainability objectives. For instance, a study of logistics firms in Vietnam from Lam and Chuyen (2024),
found that green training significantly improved employees’ environmental knowledge, which in turn increased operational
efficiency and reductions environmental impact which leads to sounder firm performance. In addition, eco-driving training
has emerged as the most extensively examined form of green training in the trucking and transportation literature, indicating
driver behavior is heavily influenced by targeted eco-driving education with reported reductions in fuel consumption of up to
20%, highlighting a direct link between training and immediate cost efficiency (American Transportation Research Institute,
ATRI, 2024). 1t is further supported by Poolkrajang (2024) who demonstrated significant economic and environmental
performance benefits. Collectively, these findings suggest that green training is a crucial component of green logistics
practices and green intellectual capital.

Hence, green training equips employees with the knowledge and skills to adopt environmentally friendly practices. Training
drivers on eco-driving techniques, for example, can lead to reduced fuel consumption and lower emissions (Ho et al., 2021).
Additionally, green training fosters an organizational culture of sustainability, enhancing the firm's reputation and stakeholder
trust, which may indirectly boost financial and non-financial performance. Therefore, this research proposes the following
hypothesis:

Hz: Green training positively influences the performance of trucking firms.
2.5 Alternative Fuels and the Trucking Firm's Performance

The transition from conventional diesel and petrol to alternative fuels in trucking has significant implications for firm
performance particularly total cost of ownership (TCO), operational efficiency, and environmental compliance. The adoption
of alternative fuels (e.g., biodiesel, natural gas, hydrogen, and electric power) for land logistics has helped trucking firms
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reduce their carbon footprint and comply with environmental regulations. Although the initial investment in alternative fuel
technology might be high, long-term benefits such as reduced fuel costs, lower emissions-related penalties, and access to
green subsidies can improve overall performance (Al-Mohannadi et al., 2024).

Beyond economic considerations, alternative fuels can improve vehicle reliability and operational efficiency. Conventional
fuel used by land logistics such as petrol and diesel harms fuel efficiency and damages the engine due to premature ignition
during the compression stroke (Tsolakis et al., 2017). As such seeking alternative fuels has become essential for trucking
companies in managing their maintenance cost, extending vehicle lifespan and a more sustainable future through the adoption
of alternative fuels (Al-Mohannadi et al., 2024).

Studies indicate that electric and hydrogen trucks improve vehicle reliability and reduce maintenance frequency, enhancing
fleet utilization (Fayad et al., 2020; Tutak et al., 2023). A European study found that while electrification and hydrogen
technologies offer the greatest emissions reduction potential, uptake is constrained by high upfront costs, limited charging and
hydrogen refuelling stations, and uneven policy incentives across countries (Vilchez et al., 2022). These findings suggest that
trucking firms must consider both infrastructure access and supportive policies when planning alternative fuel adoption, as
these factors directly affect operational efficiency and long-term financial performance.

More recent research suggest that liquefied natural gas (LNG) offers the lowest total cost of ownership among alternative
fuels, while hydrogen fuel cell and electricity-based methanol pathways achieve the lowest life cycle carbon emissions,
pointing to strong environmental performance potential (Li et al., 2025). This is in line with Zhang et al. (2024), indicating
LNG trucks can achieve lower total cost of ownership than conventional diesel trucks, primarily due to reduced fuel costs,
making them economically attractive for long-haul and haulage firms operating under high mileage conditions.

As such, the adoption of alternative fuels allows firms to align with increasingly stringent environmental regulations while
simultaneously optimizing operational and financial outcomes. Therefore, this research proposes the following hypothesis:

H3: The use of alternative fuels positively influences the performance of trucking firms.
2.6 Government Support on Technological Advancements Towards Trucking Firm's Performance

In recent years policymakers, business entities, and the government have shown significant concerns about environmental
issues, and these concerns have led to the development of various stringent regulations demanding companies to adopt green
practices (Xie et al., 2020). Furthermore, government support plays an essential role in developing and adopting technological
advancements in the trucking industry. This support can come in the form of subsidies, tax incentives, and grants, all of which
reduce the financial burden associated with integrating advanced green technologies such as telematics, electric trucks, and
fuel-efficient engines (Arora et al., 2023 & Yafi et al., 2021).

The role of government support is further extended through funding pilot projects and promoting knowledge exchange,

governments can accelerate the commercialization and widespread adoption of cutting-edge technologies. Eneizan et al. (2019)
emphasize that government policies can act as catalysts, encouraging firms to innovate and adopt green technologies that

might otherwise remain inaccessible. In the trucking industry, where operational costs are a significant concern, government

incentives for fuel-efficient technologies can directly impact profitability while reducing environmental footprints.

Although specific empirical studies directly linking government support as a moderator in trucking firms are limited, there
are studies across logistics and transportation contexts showing that regulatory frameworks and policy incentives significantly
influence the propensity and capacity of firms to adopt advanced technologies. From third-party logistics (3PL) perspective,
Zhou et al., (2020) showed that government policy support as a moderator strengthens the effect between logistics IT adoption
and firm performance indicating IT alone may not yield full benefits without supportive ecosystems. This is aligned with Zhou
et. al (2023) who indicated logistics digitalization affects financial and service performance in 3PL firms, with government
successfully moderating this relationship.

While in Malaysia, Ru and Kamaruddin (2024) studied autonomous long-haul truck adoption among logistics companies and
identified legal and regulatory frameworks as among the top drivers influencing technological uptake, ahead of other industry
drivers. In the same country proximity, misalignment between federal mandates and state regulations hinders green trucking
technology adoption, indicating that coherent government policy is essential to foster technology commitment and
performance improvements in sustainable road freight (Apandi et al., 2025).

Li et al. (2025) suggested that government subsidies combined with internal digitalization investments significantly improve
the green and digital innovation performance of Chinese logistics firms. Government subsidies can reduce the financial
pressure associated with innovation, resulting in increased technology adoption and performance improvements (Eneizan et
al., 2019; Li et al., 2025; Mlambo et al., 2024). Meanwhile, in Indonesia’s logistic sector, Ginting et al., (2025) demonstrated
that technological advancement positively enhances firm competitiveness and performance, with competitiveness leading to
better performance outcomes. When include government support was included as a moderating variable, their research found
it strengthened these positive effects.
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Therefore, government support serves as a crucial moderating factor that strengthens the relationship between technological
advancements and trucking firms’ performance, ultimately leading to economic and environmental gains. Therefore, this
research proposes the following hypothesis:

Ha: Government support positively moderates the relationship between technological advancements and trucking firms’
performance.

2.7 Government Support on Green Training Towards Trucking Firm's Performance

For trucking companies to adopt sustainable practices, government support significantly enhances the effectiveness of green
training programs by reducing financial barriers and encouraging the widespread adoption of sustainable practices (Khayyat
et al., 2024, Jarasuniene et al., 2023). Government-backed initiatives, such as subsidies for training, tax incentives, and
partnerships with industry organizations, provide trucking firms with the resources necessary to upskill their workforce in
promoting sustainability and encourage companies to invest in training such as eco-driving, emissions management, and fuel
optimization techniques that improve operational efficiency and financial performance (Eneizan et al., (2019). Similarly,
Zhang et al. (2024) found that government interventions amplify firms' ability to implement green training, leading to reduced
fuel consumption and operational costs, which enhance overall performance.

Moreover, government support promotes standardization and consistency in the implementation of green training across the
industry, ensuring a broader impact. Eneizan et al. (2019) argue that government policies not only incentivize firms to
prioritize green training but also drive industry-wide adoption of environmentally friendly practices. For example, public
funding for eco-driving training programs in the trucking sector has been shown to significantly reduce carbon emissions,
improving both environmental outcomes and firm efficiency.

Al-Hadidi and Salleh (2025) in their conceptual breakthrough argue that government support particularly in the form of
financial incentives and policy frameworks, acts as the decisive moderator between internal green initiatives and performance
outcomes in green logistics. Consistent with this view, Eltalhi et al. (2025) who examined the role of government support in
Libya demonstrated although employee commitment from training is crucial, it is government support that ultimately enables
these efforts to translate into firm-level performance. In the absence of such support, green practices are often constrained by
cost-related barriers and therefore fail to deliver profound outcomes.

Moreover, training programs on green logistics and environmental practices succour firms to adopt green approaches and
improve performance which aligns with findings from European research by Chatzoudes et al. (2024), emphasized the role of
government incentives in reinforcing environmentally friendly initiatives. Empirical evidence from Asian contexts further
supports this argument. Studies of logistics firms in South Korea (Kim et al., 2024) and China (Han et al., 2020) confirmed
that the green logistics practices combined with supportive government policies positively influences financial efficiency,
highlighting the importance of external institutional support in improving the effectiveness of green initiatives practice
outcomes.

This support acts as a critical moderating factor, bridging the gap between green training initiatives and measurable
performance improvements, thereby enabling firms to achieve sustainable competitive advantages in a resource-intensive
industry (Eneizan et al., 2019). Therefore, this research proposes the following hypothesis:

Hs: Government support positively moderates the relationship between green training and trucking firms’performance.
2.8 Government Support on Alternative Fuels Towards Trucking Firm's Performance

Government support is pivotal in facilitating the adoption of alternative fuels within the trucking industry, thereby enhancing
firms' environmental performance and operational efficiency (Mlambo et al., 2024). Such support often manifests policy
instruments such as subsidies, tax incentives, grants, and the development of necessary infrastructure, which collectively
mitigate the financial and logistical challenges associate with transitioning from conventional diesel to cleaner energy sources
like liquefied natural gas (LNG), compressed natural gas (CNG) biodiesel, and hydrogen. By reducing capital costs and
mitigating technology risks, this intervention increases the ability of firms to integrate alternative fuel vehicles into their fleets,
thereby improving fuel efficiency and reducing emissions while maximizing performance.

Empirical evidence from both emerging and developed economies further demonstrates the effectiveness of government
intervention in shaping firm-level outcomes. For instance, in India, governmental subsidies and the establishment of LNG and
CNG refueling infrastructure have significantly accelerated the adoption of LNG and CNG-fueled trucks, leading to a notable
reduction in diesel demand and environmental pollutants (Nouni et al., 2021). Consistent with this finding, Raoofi et al. (2025)
found subsidies for charging and refueling infrastructure in Swedish market significantly moderate the relationship between
fuel adoption and firm performance relationship reducing range anxiety and fleet downtime. This suggests that government-
backed infrastructure allows trucking firms to maintain operational performance while switching to alternative fuels.

Government interventions, such as tax credits for alternative fuel vehicles and investment in clean energy technologies,
positively influence firm performance by reducing dependence on traditional diesel fuels (Reimers et al., 2021). Furthermore,
research by Reimers et al. (2021) underscores the importance of government-industry collaboration in fostering innovation in



C.-F. Yee et al. /Uncertain Supply Chain Management 15 (2027) 51

alternative fuel technologies, enabling trucking firms to meet sustainability standards and enhance long-term performance.
Complementing this perspective, Cantillo et al. (2022) et al. showed that policy incentives such as subsidies and tax
exemptions significantly increase trucking firms’ willingness to adopt alternative fuel vehicles, reflecting strong sensitivity to
cost and operational range constraints indicating government support moderates the relationship between alternative fuel
availability and firms’ transition away from diesel, serving as a key precursor to performance improvement. More recently,
Das and Kaur (2026) highlight that fiscal incentives such as government purchase subsidies and Goods and Services Tax
(GST) concessions are important for price-sensitive markets. Their findings suggest that without this moderating effect, the
high upfront costs of electric or hydrogen-powered trucks create financing constraints that reduce short-term return on
investment (ROI) for overall performance of trucking firms.

Government support is frequently conceptualized as a buffer that alters the strength of the relationship between green
initiatives and firm outcomes. Such comprehensive support systems highlight the critical role of government intervention in
driving the transition to sustainable energy practices within the trucking industry. Although the literature directly examining
government support as a moderator between alternative fuel adoption and firm performance is still limited, giving area to
explore. Therefore, this research proposes the following hypothesis:

He: Government support positively moderates the relationship between alternative fuels and-trucking firms’ performance.
3. Research Methodology
3.1 Research Design

This research aims to assess the reliability and validity of a questionnaire developed. The questionnaire is to measure the green
logistics practices, firm’s performance and the government role as the moderator variable. The study ploys a descriptive
research design, systematically gathered data, analysing, formulating and generating data within the conceptual research
framework. The effect of green practices on firm performance in the Malaysian trucking industry with government support as
a moderator is examine by cross-sectional research approach.

3.2 Respondents of Preliminary study

The preliminary study tests including two academicians from logistic and supply chain management department and two
from haulage industry (Tasco Berhad and Swift Haulage Berhad) were executed. The estimated time needed to complete the
questionnaire was not more than twelve minutes. Subsequently, the questionnaire was administered in a preliminary study
involving trucking companies in Selangor, Malaysia.

The participants include of fleet manager, fleet executive, Head of Department sustainability and top management. Responses
were gathered through online questionnaires administered via Google Forms as well as through physical distribution by drop-
off and pick-up approach within the state of Selangor. Participants were provided with an explanatory cover page outlining
the objectives of the study along with a consent form and the questionnaire. They were informed of the purpose of the research
and guaranteed that their responses would remain anonymous and confidential. Participation was voluntary and informed
consent was collected from all respondents. The preliminary study collected data from 50 participants and ethical approval
was obtained from the university’s Research Ethics Committee (REC).

3.3 Instrument Development and Measurement Design

To achieve the research aims, questionnaires were designed consists of 49 items spreaded into 5 sections; section A consist
questions about the respondents’ demographic; section B posted questions associated to company information. While
section C, D and E are related to independent variables (Technology Advancement, Alternative Fuels Adoption and Green
Training Implementation). Section F present questions related to Government Support (Moderating variable) and lastly
section G is about the dependent variable (Haulage Trucking Firm Performance). The introduction outlining the
researcher’s identity and the objective of study included in the questionnaire’s cover letter. In the early stages of
developing a questionnaire, scaled validations is important to ensure the reliability and appropriateness of the
measurement. Hall et al. (2018) stated that translating and adapting scales into different languages facilitates the use of
questionnaires across various research standard. For these purposes, the questionnaire used in this research was initially
translated prior to the proceeding with the assessment of validity, reliability test and other measurement among the
management of haulage trucking firms in Malaysia. Nawi et al. (2025) highlighted that since the measurement items were
originally developed in English, the process of language translation should be carried out at an early stage of the study.

Reliability and validity procedures were conducted in this study due to the existence of two languages forms. An academic
translator translated the original items from English into Malay language. As a result, both Malay Language and English
versions were produced and finalized. Subsequently, another bilingual expert translator independently reviewed both versions
to ensure that the instruments in both languages conveyed the intended meaning consistently.

Likert scale is commonly used to measure attitudes, behavioural intentions, and opinions and. Typically, a five-point
Likert scale was employed to evaluate respondents’ degree of agreement or disagreement with the respective statements.
Hair et al. (2019) highlighted that most of business researchers use this type of scale to assess the likelihood of customers



52

exhibiting their behaviours. Therefore, this research applied a five-point Likert scale for the measurement for all
constructs where 1 = "Strongly Disagree (SD)", 2 = "Disagree (D)", 3 = "Neither Agree nor Disagree (NAD)", 4 =
"Agree (A)", and 5 ="Strongly Agree (SA)".

3.4 Content or Face Validation

In this study, considerable attention is given to validity and reliability particularly in assessing the suitability of the instrument.
The validity of the instrument is determined based on expert evaluation. Isaac et al. (2022) highlighted that experts involved
in the evaluation process should possess a certain level of qualifications, including a bachelor’s degree and a middle
management position within the industry. Two experts from university and two experts from logistic company were selected
as validator for this study. This number satisfies the recommendation by Rubio et al. (2003) who suggested that the validation
process should involve minimum of three evaluators. Two types of validity were assessed in this study namely content and
face validity. Isaac et al. (2022) further explain that face validity is an evaluation of whether the items in the scale appropriately
represent and reflect the construct of interest.

Furthermore, Isaac et al. (2022) explained content validity denotes the extent to which the measurement scale items are
suitable and representative of the intended construct within a specific assessment context. Noor et al. (2022) highlighted the
importance of assessing content validity to support the construct validity of a measurement instrument. Content validity was
examined to ensure that the measurement items adequately captured the intended constructs which is essential for supporting
overall instrument validity. The developed measurement items were to ensure adequate content coverage and to confirm that
all constructs in the conceptual framework could be effectively measured using the items included in the instrument. Afifi &
Rahim (2021) noted that content validity can be established through evaluation by qualified expert reviewers.

Content validity was assembled by a panel of professionals comprising academicians (two lecturers from local universities in
Malaysia) and two professionals from industry with expertise in logistic to reviews and revise the amended version of the
questionnaire. The academicians were selected because they had frequently served as evaluators of measurement scales in
previous studies. On the hand, the industry experts were selected for their in-depth knowledge of the subject and their ability
to determine the logical suitability of the measurement items (Gahler et al.2023). Professionals were engaged to verify the
items were applicable and accurately reflected the constructs. Their involvement is essential in identifying the items that are
well aligned with each construct thereby reduce the potential overlap and to ensure that only appropriate items are used.

The researchers reviewed the questionnaire accordingly to the feedback from the expert. There were no comments on the
construct items and only minor grammatical revisions required. Therefore, the final adjustment was made before distributing
the questionnaire for the pilot survey. The final version comprised the same 49 items. The pilot survey was carried out to
evaluate the measurement of all items and to improve the reliability and construct validity of the instrument.

3.5 Design of Measurement Scales

The measurement scales used in this study were developed through two approaches. First, a review of the literature
informed the selection of five constructs. Second, the identified constructs were combined to enhance clarity and
conciseness.

3.6 Questionnaire Evaluation and Item Screening

Data screening for items adapted from the past studies was carried out by evaluating scale reliability using Cronbach’s alpha
(o), item—total correlations, and exploratory factor analysis (EFA). A total of 49 items were used to measure the 5 constructs
in the research framework. Hair et al. (2020) suggest that at least three items are needed to ensure acceptable reliability
although it is common for studies to employ five or more items. Thus, eight items were used for each construct with the
following construct distribution: Technological Advancement (8 items); Green Training (8 items); Alternative Fuel (8 items);
Government support (8 items), Firm's performance (8 items).

Subsequently, the refinement of the measurement scales involved both reliability testing and exploratory factor analysis.
Cronbach’s alpha and item-total correlation values were computed using SPSS version 29.0 prior to conducting EFA. Internal
consistency was evaluated based on these indicators with particular attention given to the initial dimensions to ensure that
all constructs demonstrated acceptable levels of consistency. Hair et al. (2020) revealed that the statistical criterion for item
retention required the item-to-total correlation to be greater than 0.35. Hair et al. (2020) suggested that a Cronbach’s alpha
value of 0.7 represents the minimum acceptable level of reliability. However, lower values may be tolerated depending on
the research context (Field, 2024). Base on the reliability value generated in this research, EFA assessment was applied. The
EFA is applied since the researcher has no outlooks of the number or nature of the factors (Taherdoost, 2016).
Exploratory Factor Analysis (EFA) was executed using principal component analysis with varimax rotation. The
appropriateness of the data for EFA was evaluated using the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s Test of
Sphericity. Persson and Khojasteh (2021) explained that Bartlett’s test is used to evaluate whether all the variables are
significantly correlated. To explore the underlying structure, exploratory factor analysis (EFA) was performed by grouping
items into five theoretical constructs using a minimum loading criterion of 0.50. The Kaiser—Meyer—Olkin (KMO) values
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were above the recommended threshold of 0.50 and Bartlett’s Test of Sphericity produced statistically significant results (p
<0.05), confirming the suitability of the data for factor analysis (Hair et al., 2020). In addition, communalities were examined
to assess each item's contribution, retaining only those exceeding 0.50. Factors with eigenvalues is greater than 1.0 were also
extracted the following established guidelines (Hair et al., 2020; Pallant, 2020).

4. Results

Table 1 presents the results of the reliability analysis and exploratory factor analysis (EFA). The findings show that all
constructs demonstrate good internal consistency and reliability, with Cronbach's alpha values ranging from 0.871 to 0.912.
These values exceed the recommended threshold of 0.70, confirming high internal consistency (Afifi and Rahim, 2021).
Pearson intercorrelation further validated the reliability of each construct, allowing for an in-depth examination of internal
consistency.

Table 1
Results of the pilot study (EFA & Reliability analysis)
Items KMO Bartlett's Test of Spehericity Eigen % of Cronbach Loadings
Approx. Chi-Square df Sig.
Technological Advancement (TA) | 0.795 179.618 | 28 .000 4.218 52.726 0.871
TA1 1. Our firm has invested in advanced fleet management software. 707
TA2 2. Data analytics is used to optimize our routes and logistics. 11
TA3 3. We have implemented digital platforms for communication with stakeholders. .626
TA4 4. Our firm employed electronic logging devices (ELDs) for efficiency. 710
TAS 5.We used technology to support proactive vehicle maintenance. 708
TA6 6. Our firm has invested in technologies to enhance driver safety. 786
TA7 7. We regularly update our technology infrastructure to remain competitive. 754
TA8 8. We have integrated our various technological systems. .793
Items KMO Bartlett's Test of Spehericity Eigen % of Cronbach Loadings
Approx. Chi-Square df Sig.
Alternative Fuel (AF) 0.788 195.770 | 28 .000 4.323 54.035 0.874
AF1 1. Our firm currently uses vehicles powered by alternative fuels. .633
AF2 2.We have invested in the necessary infrastructure for alternative fuel vehicles .606
AF3 3. We actively seek opportunities to expand our use of alternative fuels. A78
AF4 4. Our firm monitors the cost-effectiveness of our alternative fuel vehicles. .566
AF5 5. We have established partnerships to facilitate the adoption and use of alternative fuels. 479
AF6 6. Our drivers are trained on the specific requirements and maintenance .537
AF7 7. We actively communicate our use of alternative fuels to our stakeholders. 456
AF8 8. We are satisfied with the performance of our alternative fuel vehicles. .567
Items KMO Bartlett's Test of Spehericity Eigen % of Cronbach Loadings
Approx. Chi-Square df Sig.
Training (TR) 0.787 226.891 | 28 .000 4.766 59.58 0.897
TR1 1. Our firm provides training on eco-friendly driving techniques. .689
TR2 2. We offer training on vehicle maintenance 752
TR3 3. Our employees receive training on handling and disposal of waste. .843
TR4 4. Our training programs emphasize on reducing carbon footprint. 781
TRS 5. We provide incentives or recognition for employees who demonstrate environmentally responsible practices. 767
TR6 6. Our firm has a documented green training policy. 742
TR7 7. We ensure that all new drivers receive green training. 841
TR8 8. We regularly conduct refresher courses on green operational practices or environmentally sustainable practices. 748
KMO Bartlett's Test of Spehericity Eigen % of Cronbach Loadings
Approx. Chi-Square df Sig.
Government (GOV) 0.894 230.304 | 28 .000 5.005 62.557 0.912
GOV1 1. Our firm has benefited from government grants or subsidies for adopting new technologies. .820
GOV2 2. Government tax incentives have encouraged our investment in advanced technologies. .865
GOV3 3. We have received government funding or incentives for purchasing alternative fuels vehicles (i.e. Electric Vehicle). 782
GOV4 4. Government policies have made it cost-benefit to use alternative fuels. 791
GOVs5 5. Our firm has received government support for implementing green training programs. 818
GOV6 6. Government regulations promote environmentally sustainable practices in the trucking industry. .664
GOV7 7. Information about government support programs for technology, alternative fuels, and green training is easily 776
GOV8 8. The application processes for relevant government support are efficient and transparent. 796
Items KMO Bartlett's Test of Spehericity Eigen % of Cronbach Loadings
Approx. Chi-Square df Sig.
Performance (PER) 0.862 164.188 | 28 .000 4.325 54.064 0.871
PER1 1. Our firm has experienced an increase in operational efficiency in recent years. 739
PER2 2. We have seen a reduction in our overall operating costs. .683
PER3 3. Our firm’s on-time delivery performance has improved. 77
PER4 4. Customer satisfaction with our services has increased. 778
PERS5 5. Our firm’s profitability has grown. 759
PER6 6. Our firm’s safety record has improved. 749
PER7 7. We have been able to enhance our firm's reputation by adhering ESG initiatives. 651
PERS 8. Our firm’s overall competitiveness in the market has increased. 736

Source: Developed by the authors for the current study.

According to (Nawi, et al., 2025), Kaiser—Meyer—Olkin (KMO) values above the recommended threshold of 0.60 indicate
that the samples are sufficient for factor analysis. The results reveal that the measures for Technological Advancement (0.795),
Alternative Fuel (0.788), Training (0.787), Government (0.894), and Performance (0.862) demonstrate sampling adequacy
ranging from adequate to excellent.
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Furthermore, Bartlett’s Test of Sphericity was statistically significant for all constructs p-value less than 0.001, confirming
sufficient correlations among items and supporting the suitability of the data for factor analysis of the correlation matrix. All
constructs produced eigenvalues greater than 1.0, and the % of variance for Technological Advancement (52.726), Alternative
Fuel (54.035), Training (59.58), Government (62.557), and Performance (54.064) demonstrate exceeding the minimum
acceptable threshold of 50% of the total variance.

The item factor loadings threshold value should be greater than 0.5 to show that no problematic cross-loadings were observed,
supporting the unidimensional of the items. Based on the results, two items under the Alternative Fuel construct recorded
moderately lower loadings: item no. 3 with 0.478 and item no. 5 with 0.479. Since the values of these two items, above the
minimum acceptable cut-off of 0.40, are still considered acceptable in exploratory factor analysis, particularly in applied and
early-stage research contexts (Hair et al., 2018), they are therefore retained in this study.

5. Discussion and Conclusions

This study shows that government support significantly influences the impact of green practices on the performance of
Malaysia's trucking firms. The result for the Government construct recorded the highest Cronbach's alpha and explained
variance, highlighting the government support in terms of incentives, regulations, and institutional are important in promoting
the adoption of green technologies and alternative fuels. Similarly, Training construct also exhibits strong explanatory power
and reliability, highlighting eco-driving, vehicle maintenance, waste management, carbon reduction, employee incentives,
formal policies, onboarding, and continuous refresher programmes to promote environmentally sustainable operations.
Furthermore, the Technological Advancement construct the importance of digitalization growing, fleet management systems,
and safety-enhancing technologies in the trucking industry. Also, the operational efficiency, cost performance, safety, and
competitiveness are important for the performance construct. In conclusion, this study successfully validated the measurement
using the reliability and EFA. The results show that the items and constructs fulfil the established methodology and are suitable
for further empirical study. Future researchers may extend this work by applying other validate measurement such as Structural
Equation Modelling (SEM) or Partial least squares (PLS) regression to further examine causal relationships among constructs.
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