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ABSTRACT
The COVID-19 pandemic exposed vulnerabilities within global supply chains, with Malaysia’s manufacturing sector, 
a cornerstone of the nation’s economy, experiencing significant disruptions. This study explores the interplay 
between supply chain risk management (SCRM), supply chain resilience (SCR), and sustainability efforts (SE) within 
the context of Malaysia’s priority manufacturing sectors—namely aerospace, chemicals, electrical and electronics 
(E&E), pharmaceuticals, and medical devices. Employing a quantitative research approach, data were collected 
from 360 firms, and the hypothesized relationships were analyzed using structural equation modeling. The findings 
confirm that effective SCRM practices significantly enhance SCR across all sectors, with the E&E industry exhibiting 
the strongest relationship due to its reliance on globalized networks. Furthermore, SCR positively influences supply 
chain performance (SCP), highlighting its critical role in maintaining operational efficiency, delivery reliability, and 
customer satisfaction during disruptions. The study also reveals a nuanced moderating role of SE on the SCRM-SCR 
relationship, with significant effects observed in the aerospace sector, underscoring the sector-specific dynamics 
of resilience-building efforts. This research offers one of the first empirical assessments of these dynamics across 
Malaysia’s most strategic manufacturing industries, providing sector-specific insights aligned with the country’s 
New Industrial Master Plan 2030. The findings offer valuable guidance for Malaysian businesses and policymakers 
seeking to enhance supply chain robustness, sustainability, and competitive advantage in preparation for future 
disruptions.
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1. INTRODUCTION

The COVID-19 pandemic exposed critical vulnerabilities 
in global supply chains, particularly within Malaysia’s 
manufacturing sector, a cornerstone of its economic 
growth. Industries prioritized under the New Industrial 
Master Plan 2030—including aerospace, chemicals, 
electrical and electronics (E&E), pharmaceuticals, and 
medical devices—faced significant disruptions such as 
supply shortages, logistical constraints, and fluctuating 
demand (Chowdhury et al., 2021; Ivanov, 2021). These 
challenges highlighted the urgent need for robust and 
resilient supply chains that can endure crises while 
maintaining continuity.

While supply chain resilience (SCR) has gained attention, 
gaps persist—especially in the Malaysian context. 
Many studies examine supply chain risk management 
(SCRM) in isolation, often overlooking how it interacts 
with sustainability efforts (SE) to strengthen resilience. 
Moreover, cross-sectoral differences in resi l ience 
practices remain underexplored, limiting the ability of 
industry leaders and policymakers to craft targeted 
interventions (Ministry of Investment, Trade and Industry, 
2023; Hokmabadi et al., 2024). In addition, much of 
the existing literature has focused on high-income or 
Western economies, where digital integration and risk 
governance mechanisms are more advanced (Mayer, 
2021). In contrast, Malaysian manufacturing firms often 
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face supply chain fragmentation, limited visibility, and 
infrastructure constraints (Ishak et al. 2023), especially in 
globally exposed sectors such as E&E and aerospace. 
This highlights a critical need to understand how SCRM 
and SE function in a developing country context, where 
vulnerabilities are often magnified.

Supply chain management is particularly important 
for Malaysia’s priority industr ies because of their 
embeddedness in global value chains, heavy reliance 
on imported intermediate goods, and strict compliance 
requirements imposed by international regulatory and 
quality standards. Compared to advanced economies 
such as Germany or Japan—where risk anticipation, 
supply chain transparency, and digital integration are 
more mature—Malaysia's industries face additional 
challenges including infrastructural limitations, talent 
gaps, and policy enforcement variability (Noor et al. 
2021; Dehdasht et al., 2022; Wahab et al. 2024). These 
constraints make efficient supply chain management 
practices not just beneficial but essential for maintaining 
competitiveness, especially amid ongoing disruptions 
related to geopolitical tensions, climate change, 
and technology shifts. Recent studies further argue 
that the strategic integration of risk management, 
digital tools, and sustainability practices is a decisive 
factor in enhancing the resilience of emerging market 
manufacturers (Rodríguez-Espíndola et al., 2022).

This study addresses these gaps by examining the 
relationships between SCRM, SCR, and SCP, and the 
moderating role of SE. It also conducts a comparative 
analysis across Malaysia’s priority manufacturing 
sectors. By focusing on strategic industries identified 
in Malaysia’s New Industrial Master Plan 2030, the 
study not only contributes empirical evidence from a 
developing economy perspective but also provides 
sector-specific insights that are often overlooked 
in general SCM research. Theoretically, this work 
advances understanding of SCR by incorporating SE 
as a moderating variable; practically, it informs policy 
and industry strategies aligned with the objectives of 
the New Industrial Master Plan 2030.

2. LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT

2.1 Supply Chain Risk Management and Supply Chain 
Resilience
Supply Chain Risk Management (SCRM) refers to a set of 
coordinated strategies designed to identify, assess, and 
mitigate potential disruptions across the supply chain. 
These strategies are typically categorized into preventive 
measures—such as supplier monitoring, dual sourcing, 
and contingency planning—and reactive responses, 
including crisis management teams, rerouting logistics, 
and rapid supplier replacement (Ivanov, 2021; Can 
Saglam et al., 2021). In highly regulated industries like 
aerospace and pharmaceuticals, risk management 

frameworks must be tai lored to sector-specif ic 
compliance and safety standards, making SCRM both 
more complex and more critical (Hohenstein, 2022; 
Guerra et al., 2024).

In the context of Malaysia’s priority manufacturing 
sectors, which are deeply embedded in global supply 
networks, the role of SCRM is particularly pronounced. 
For example, the E&E industry faces exposure to 
geopolitical instability, semiconductor shortages, 
and trade policy shifts, while the aerospace sector 
must manage intricate certification requirements and 
supplier dependencies (Debnath et al., 2022; Xuan 
& Kamaruddin, 2024). To navigate such challenges, 
firms increasingly deploy proactive measures such as 
real-time risk monitoring, supply base diversification, 
predictive analytics, and cross-functional risk teams to 
preemptively manage vulnerabilities.

Supply Chain Resilience (SCR), on the other hand, is the 
capacity of a supply chain to anticipate, absorb, and 
recover from disruptions while maintaining continuity of 
operations (Adobor, 2020). It is underpinned by attributes 
such as flexibility, agility, visibility, and collaboration 
(Mubarik et al., 2021). Robust SCRM practices provide 
the foundational infrastructure for resilience by enabling 
early risk identification, adaptive planning, and effective 
coordination under uncertainty (Norrman & Wieland, 
2020).

Cross-national comparisons further highlight the 
contextual relevance of SCRM in Malays ia. In 
advanced economies like Germany and South Korea, 
manufactur ing f i rms benefit from mature digital 
ecosystems, centralized logistics infrastructure, and 
real-time data integration—conditions that naturally 
support high levels of SCR (Lechowski & Krzywdzinski, 
2022; Shin, 2024). In contrast, Malaysian manufacturers—
particularly mid-tier firms—grapple with operational 
fragmentation, limited end-to-end visibility, lower 
digital maturity, and a heavier reliance on manual 
coordination (Ishak et al., 2023), especially in globally 
exposed industries like E&E and aerospace. These 
constraints elevate the strategic importance of SCRM in 
Malaysia’s context, as even incremental improvements 
in risk management can yield disproportionately large 
gains in resilience.

Thus, this study positions Malaysia’s manufacturing 
sector as a vital empirical setting to explore how SCRM 
practices translate into SCR in a resource-constrained 
yet globally integrated environment. Understanding this 
relationship contributes to theory-building in emerging 
market supply chains and provides sector-specific 
guidance for resilience planning.

H1: Supply chain risk management has a positive effect 
on supply chain resilience.
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2.2 Supply Chain Resilience and Performance
SCR has emerged as a critical determinant of supply 
chain performance (SCP), particularly in environments 
marked by volatility, uncertainty, and rapid change. 
SCP encompasses key operational outcomes such as 
delivery reliability, production efficiency, responsiveness, 
and customer satisfaction (Singh & Modgil, 2025). 
Resilient supply chains are characterized by their ability 
to withstand disruptions, adapt to unforeseen conditions, 
and recover quickly—ensuring minimal interruption to 
value creation processes even under adverse conditions 
(Tarigan et al., 2021; Mishra et al., 2022).

In high-risk sectors such as aerospace and E&E, where 
quality assurance, supply continuity, and global 
compliance are essential, resilience plays a pivotal 
role. The ability to maintain consistent performance 
during disruptions is often achieved through structural 
flexibility, diversified sourcing, and real-time visibility 
across the supply network (Tahir et al., 2022; Gölgeci 
et al., 2023). In these sectors, advanced practices such 
as predictive analytics, collaborative planning, and 
inventory buffering are increasingly adopted to mitigate 
performance risks. Tools like scenario modeling, supplier 
collaboration platforms, and digital twin technologies 
have demonstrated measurable per formance 
improvements by enabling faster recovery and more 
accurate responsiveness under uncertainty (Aljohani, 
2023).

However, in Malaysia’s manufacturing landscape, 
the link between resilience and performance takes 
on a more complex and context-sensitive dimension. 
While firms in advanced economies often benefit from 
high levels of digitalization, government-supported 
automation programs, and advanced logistics networks 
(Rawat et al., 2025), Malaysian firms—especially in the 
chemical and medical devices sectors—face limitations 
related to infrastructure and integration with upstream 
suppliers (Yeo et al., 2023; Zakaria et al., 2023; Amran et 
al., 2024). These constraints necessitate a more strategic 
and localized approach to building resilience. As noted 
by Gruchmann et al. (2024), firms in emerging markets 
tend to rely more heavily on manual coordination, 
reactive problem-solving, and interpersonal networks 
to maintain operational performance during crises.

This makes SCR not merely a competitive advantage, 
but a fundamental capabil ity for survival in the 
Malaysian context. In such environments, the marginal 
benefits of building resilience—through process agility, 
risk visibility, and cross-functional coordination—can 
have a disproportionately positive impact on overall 
performance. By empirically testing the relationship 
between SCR and SCP across Malaysia’s priority sectors, 
this study sheds light on how resilience mechanisms drive 
operational effectiveness in developing economies 
and provides insights into how performance can be 

improved despite institutional and technological 
constraints.

H2: Supply chain resilience has a positive effect on 
supply chain performance.

2.3 Sustainability Efforts and Supply Chain Resilience
Sustainability efforts (SE) encompass a broad set of 
practices aimed at minimizing environmental harm, 
enhancing social responsibility, and fostering ethical 
governance throughout the supply chain. These include 
eco-friendly process improvements, adoption of green 
certifications (e.g., ISO 14001), supplier training on 
environmental compliance, and investments in clean 
technologies. Such efforts not only promote responsible 
operations but also contribute significantly to SCR by 
improving transparency, adaptability, and long-term 
continuity of supply (Miceli et al., 2021; Ramzan et al., 
2022). When embedded effectively, SE enables firms 
to better anticipate and respond to disruptions related 
to environmental regulations, reputational risks, or 
stakeholder pressures (Chowdhury & Quaddus, 2021).

SE also serves as a mechanism to address environmental, 
socia l ,  and governance r i sk s  that a re of ten 
underrepresented in traditional r isk management 
frameworks. By integrating sustainability into supply 
chain operations—through green procurement policies, 
supplier sustainability audits, and ESG compliance 
standards—firms enhance their ability to manage 
long-term vulnerabilities that may otherwise threaten 
operational stability (Juettner et al., 2020). These 
practices are particularly relevant in sectors with high 
environmental exposure or stakeholder scrutiny, such as 
aerospace and E&E.

However, the level of SE integration into SCRM varies 
significantly across industries and regions. In advanced 
economies like the European Union, SE is increasingly 
embedded in strategic planning and corporate risk 
governance. Râmniceanu et al. (2022), supported by 
regulatory incentives and industry-wide ESG mandates 
(Carissimi et al., 2023). In contrast, firms in emerging 
economies often implement SE reactively—to meet 
customer or export certification demands—rather than 
proactively incorporating them into their risk mitigation 
strategies. In Malaysia, for example, SE is often driven by 
external compliance requirements from multinational 
clients rather than internalized sustainability culture or 
long-term resilience planning (Ministry of Investment, 
Trade and Industry, 2023).

This disconnect may limit the synergistic potential 
between sustainabil ity and resi l ience. Although 
Malaysian firms in sectors like aerospace and E&E are 
increasingly aligning with international sustainability 
standards due to export dependency, industries such 
as chemicals and medical devices still face challenges 
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stemming from cost concerns, legacy systems, and 
insufficient enforcement mechanisms (Rizos & Bryhn, 
2022; McDermott et al., 2022; Fenton et al., 2023; 
Joeaneke et al., 2024). Understanding this variation 
is essential to assessing the extent to which SE can 
enhance the effectiveness of SCRM in building SCR.

By examining SE as a moderating variable in the SCRM–
SCR relationship, this study seeks to uncover whether 
sustainability can enhance resilience beyond traditional 
risk management strategies, particularly in developing 
country contexts where institutional support and internal 
capabilities may be constrained. The findings are 
expected to offer practical insights for how Malaysian 
manufacturers can move from compliance-oriented SE 
to more strategic, resilience-driven integration.

H3: Sustainabil ity efforts positively moderate the 
relationship between supply chain risk management 
and supply chain resilience.

3. RESEARCH METHODOLOGY

3.1 Instrument Development
The survey instrument was designed by adapting items 
from previously validated studies to ensure theoretical 
r igor and measurement reliability. The constructs 
included in this study—Supply Chain Risk Management 
(SCRM), Supply Chain Resilience (SCR), Supply Chain 
Performance (SCP), and Sustainability Efforts (SE)—were 
operationalized using multi-item scales as detailed in 
Table 1.

The SCRM construct was modeled as a first-order 
formative construct, with three items capturing key 
preventive and reactive risk strategies: identifying 
potential supply chain risks early (SCRM1), developing 
risk mitigation plans (SCRM2), and implementing risk 
monitoring tools (SCRM3). These items were adapted 
from Can Saglam et al. (2021) and Ivanov (2021).

SCR was measured as a first-order reflective construct, 
comprising indicators related to the firm’s ability to 
recover from disruptions (SCR1), maintain process 
flexibility (SCR2), and collaborate with suppliers during 
crises (SCR3). These items were based on the work of 
Adobor (2020) and Mubarik et al. (2021).

SCP was also treated as a first-order reflective construct, 
reflecting outcomes such as improved delivery lead 
times (SCP1), enhanced operational efficiency (SCP2), 
and customer satisfaction metrics (SCP3), consistent with 
Singh and Modgil (2025).

The SE construct was designed as a second-order 
formative const ruct, drawing f rom three core 
dimensions: implementation of eco-friendly practices 
(SE1), adoption of green certifications such as ISO 14001 
(SE2), and supplier training in sustainability (SE3). These 
items were sourced from Juettner et al. (2020), Miceli et 
al. (2021), and Ramzan et al. (2022).

To  e n s u re  co nte nt  va l i d i t y  a n d co ntex t ua l 
appropriateness, the initial survey draft underwent 
expert evaluation by three academics and two 
industry professionals. A pilot test was then conducted 
with 10 supply chain practit ioners from diverse 
sectors to assess clarity, cultural relevance, and item 
reliability. Feedback led to minor revisions in wording to 
enhance interpretability for Malaysian manufacturing 
respondents. All items were measured using a five-
point Likert scale (1 = strongly disagree to 5 = strongly 
agree). The survey was administered in English, which 
is the dominant language of business communication 
in Malaysia’s manufacturing industry.

This study was conducted in full compliance with ethical 
research standards. Participants were informed of the 
study’s objectives and assured that their participation was 
voluntary, anonymous, and confidential. Respondents 
were given the option to decline or withdraw from the 
study at any time. 

Table 1: Table for items and constructs
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Informed consent was obtained from all participants: 
digitally via a checkbox in online surveys and in writing 
for face-to-face sessions. Although this research posed 
minimal risk, the design and implementation were 
guided by principles of academic integrity and respect 
for participant autonomy. All collected data were stored 
securely and used strictly for academic purposes.

The constructs were assessed through rigorous statistical 
analyses to confirm their reliability and validity. SCRM was 
measured as a formative construct using preventive and 
reactive risk mitigation strategies, operationalized with 
items such as identifying potential risks early, developing 
mitigation plans, and implementing monitoring tools. 
Formative models assume that the indicators define the 
construct rather than reflect it, requiring the evaluation 
of outer weights and variance inflation factors (VIF) to 
assess multicollinearity and relevance of the indicators 
(Diamantopoulos & Winklhofer, 2001). The results for 
these assessments are presented in Table 2.

Outer weights represent the relative importance of 
indicators in formative constructs, and significance is 
tested using bootstrapping methods (Chin, 2009). VIF 
values below the commonly accepted threshold of 5 
indicate the absence of critical multicollinearity issues 
(Kalnins & Praitis, 2025).

The SCR construct was modeled as a reflective construct 
focusing on the dimensions of quick recovery, flexibility, 
and collaboration in handling disruptions. Reflective 
models assume that the construct influences the 
indicators, and reliability is assessed using outer loadings. 
High outer loadings (≥ 0.7) indicate that the indicators 
are strongly associated with the latent variable (Hair et 

al., 2012). The results are shown in Table 3.

SE encompassed environmental, social, and supplier 
development dimensions, operationalized through 
practices such as eco-fr iendly initiatives, green 
certifications, and supplier training programs. These 
formative constructs demonstrated strong statistical 
support for all dimensions.

Discriminant validity was confirmed using the Fornell-
Larcker criterion, which states that the square root 
of the AVE for each construct should exceed its 
correlation with other constructs (Fornell & Larcker, 
1981). As shown in Table 4, the constructs in this study 
meet this requirement, confirming their conceptual 
distinctiveness.

This comprehensive assessment of measures and 
constructs establishes a robust foundation for the 
subsequent analysis and ensures that the study’s findings 
are both reliable and valid. This approach aligns with 
established practices in structural equation modeling 
and contributes to the growing body of research on SCR.

3.2 Sampling Approach and Limitations
This study employed a systematic random sampling 
technique to select participating f i rms from the 
Federation of Malaysian Manufacturers (FMM) directory, 
which served as a reliable and comprehensive sampling 
frame. The FMM directory includes firms operating 
within Malaysia’s five priority manufacturing sectors: 
aerospace, chemicals, E&E, pharmaceuticals, and 
medical devices. Systematic sampling ensured that the 
selection process was both unbiased and proportionally 
representative of these sectors.

Table 2: Table for Assessment of Formative Indicators

Table 3: Table for Assessment of Reflective Measurement Models

Table 4: Table for Discriminant Validity Using Fornell-Larcker Criterion
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A total of 500 firms were contacted using this method, 
and 360 valid responses were collected, yielding a 
response rate of 72%. Respondents were targeted based 
on their positions in supply chain-related functions (e.g., 
operations managers, logistics heads, procurement 
leads), ensuring that data were gathered from informed 
decision-makers.

While systematic random sampling supports the 
generalizability of findings, some limitations remain. 
Non-response bias may still exist, as firms that declined 
participation may differ systematically from those that 
responded, potentially influencing the external validity 
of the study.

Moreover, Malaysia’s business culture may have 
influenced how participants interpreted and responded 
to certain questions. Organizational hierarchies, risk-
aversion tendencies, and a preference for maintaining 
internal harmony may lead respondents to answer 
cautiously, especially on topics perceived as sensitive or 
evaluative. To minimize this potential bias, all items were 
neutrally worded and pilot-tested, and respondents 
were assured of strict confidentiality and anonymity to 
encourage honest and accurate responses.

3.3 Structural Equation Modeling
The research model depicted in Figure 1 was tested 
using Partial Least Squares Structural Equation Modeling 
(PLS-SEM) via the SmartPLS 3.0 application (Ringle et 
al., 2015). The study employed a two-stage approach 
as recommended by Hair et al., (2012). In the first stage, 
latent variable scores were extracted for higher-order 
constructs, while in the second stage, these scores were 
used to estimate the structural relationships among the 
constructs.

To address issues of missing data, a case-wise deletion 
method was applied, ensuring that the final dataset 
contained complete responses (Afghari et al., 2019). As 
a result, the final sample size was 360, which included 
responses from Malaysia's aerospace, chemicals, 
E&E, pharmaceuticals, and medical device sectors. 

This sample size meets the minimum threshold for PLS-
SEM analysis, considering the number of paths in the 
structural model and the statistical power requirements 
(Hair et al., 2017).

The structural relationships were evaluated based on 
path coefficients, R² values, and the effect size (f²) 
for each construct. The R² value for the dependent 
construct, SCP, was 0.452, indicating that the model 
explains 45.2% of the variance in SCP. This represents 
a moderate level of explanatory power (Cohen, 2013). 
To test the moderating effect of SE on the relationship 
between SCRM and SCR, the f ² effect s ize was 
calculated. The inclusion of SE as a moderating variable 
yielded an R² value of 0.398, compared to an R² value 
of 0.334 when the interaction terms were excluded. 
The calculated f² value of 0.154 indicates a medium 
effect size, signifying that SE contributes significantly 
to the enhancement of SCR (Chin, 2009; Cohen, 2013). 
Additionally, the model's predictive relevance was 
assessed using the Stone-Geisser Q² statistic via the 
blindfolding procedure. Q² values greater than zero 
for the dependent constructs confirmed the model's 
predictive accuracy. The Q² value for SCP was 0.291, 
further supporting the model's robustness in predicting 
SCP outcomes (Geisser, 1974; Stone & Brooks, 1990).

The results also revealed variations in the moderating 
effect of SE across different industries. For example, 
the aerospace and E&E sectors exhibited stronger 
interaction effects compared to the pharmaceutical 
and chemical sectors, suggesting that SE are more 
integral to resilience-building in industries with complex 
and globalized supply chains. These findings emphasize 
the necessity of tailoring resilience strategies to the 
unique characteristics of each sector. The structural 
model validation demonstrates the significant role of 
SCRM and SE in enhancing SCR and SCP in Malaysia's 
manufacturing sectors. By providing empirical evidence 
for these relationships, the study contributes to a deeper 
understanding of resilience-building practices in the 
Malaysian context and offers actionable insights for 
policymakers and practitioners.

Figure 1: Research Model
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5. RESULTS AND DISCUSSION

The analysis of the Malaysian manufacturing sector's 
priority industries—namely aerospace, chemicals, 
E&E, pharmaceuticals, and medical devices—yields 
significant insights into the role of SCRM, SCR, SE, and 
their combined effects on SCP. Table 5 summarizes the 
findings for each hypothesis across the five sectors, 
accompanied by their respective sample sizes and 
variance explained (R²).

5.1 The Impact of Supply Chain Risk Management on 
Resilience Across Sectors
SCRM demonstrated a strong and statistically significant 
positive relationship with SCR across all the studied 
sectors, emphasizing its foundational role in fostering 
resil ience. The β-coefficients, which ranged from 
0.432 in the chemical sector to 0.612 in the E&E sector, 
highlight the varying degrees of reliance on effective 
risk management practices across industries. These 
findings align with recent studies that underscore 
the importance of both proactive and reactive risk 
mitigation strategies in building resilient supply chains 
capable of adapting to disruptions (Can Saglam et al., 
2021; Sarkar et al., 2022).

The relatively lower β-coefficient observed in the 
chemical sector can be attributed to the sector's stable 
and less globalized supply chains, which face fewer 
disruptions compared to sectors with highly complex 
and international networks. The chemical industry often 
benefits from stringent safety regulations and well-
established operational standards, which inherently 
reduce risk exposure and mitigate potential disruptions 
(Guerra et al., 2024). These structural factors may 
diminish the relative intensity of reliance on proactive 
risk management practices in driving resilience. Within 
the SCRM construct, items such as the early identification 
of supply chain risks and the implementation of risk 
monitoring tools play a supporting yet less critical role 
in the chemical sector. Unlike sectors like aerospace 
and E&E, where such practices are crucial due to 

globalized supplier bases and higher risk variability, 
the chemical industry may achieve a baseline level 
of resilience through compliance-driven processes 
and standardized operating procedures (Sarkar et al., 
2022). Recent studies suggest that the contribution of 
risk management to resilience can vary significantly 
based on industry character istics, supply chain 
complexity, and exposure to external shocks (Ivanov, 
2021; Chowdhury et al., 2021).

The E&E sector demonstrated the strongest relationship 
between SCRM and SCR (β = 0.612). This significant result 
reflects the sector's heavy dependence on globalized 
supply chains, which are characterized by complex 
supplier networks, frequent cross-border transactions, 
and heightened exposure to geopolitical and logistical 
uncertainties. In this high-risk environment, integrated risk 
management practices—such as conducting supplier 
risk assessments, adopting diversification strategies, and 
implementing robust risk mitigation plans—are essential 
for maintaining operational resilience. Key items within 
the SCRM construct, including the development of 
comprehensive risk mitigation plans and the early 
identification of potential risks, are likely to be more 
rigorously applied in the E&E sector. The intricate 
nature of global supply chains in this industry, coupled 
with its vulnerability to external shocks, necessitates a 
proactive and intensive approach to managing risks. 
This focus allows E&E manufacturers to better anticipate 
disruptions, respond effectively, and sustain continuity 
in their operations. The strength of the β-coefficient 
highlights the critical role of well-executed SCRM 
practices in enhancing the sector's capacity to recover 
from disruptions and maintain performance. Recent 
studies consistent with these findings, emphasizing the 
importance of tailored SCRM strategies in sectors with 
complex global supply chains. For instance, Chowdhury 
et al. (2021) and Ivanov (2021) highlight the need for 
integrated risk management practices that address 
both upstream and downstream risks in globalized 
networks. 
 

Table 5: Summary of Results for Priority Sectors in Malaysia
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Additionally, research by Mishra et al. (2024) underscores 
the effectiveness of diversified sourcing and predictive 
analytics in mitigating risks and enhancing resilience in 
volatile markets. These insights collectively underscore 
the criticality of targeted SCRM efforts in the E&E sector, 
where operational success heavily depends on the 
ability to navigate and manage multifaceted risks 
effectively.

Furthermore, the strong positive relationship across 
all sectors reinforces the notion that effective risk 
management practices are essential not only for 
addressing immediate disruptions but also for fostering 
long-term resilience. Proactive strategies, such as 
monitoring supplier performance and developing 
contingency plans, are particular ly effective in 
mitigating risks before they escalate into critical issues. 
Reactive strategies, including activating alternative 
suppliers and deploying recovery teams, further bolster 
resilience by ensuring a swift response to unforeseen 
challenges. These practices, as captured in the SCRM 
construct, reflect an overarching approach to risk 
management that is critical for resilience building 
across diverse sectors. These f indings al ign with 
broader research emphasizing the dual importance of 
anticipation and response in developing resilient supply 
chains (Sarkar et al., 2022; Gruchmann, 2024).

The results of Hypothesis 1 underscore the universal 
importance of SCRM in fostering SCR across different 
industries while also highlighting the varying degrees 
of impact based on sector-specific characteristics. 
These insights emphasize the need for tailored risk 
management strategies that address the unique 
operational and market challenges of each sector, 
ensuring that resilience-building efforts are both effective 
and contextually relevant. By aligning risk management 
practices with sector-specif ic requirements and 
leveraging the operational dimensions captured within 
the SCRM construct, firms can enhance their resilience 
and sustain long-term competitiveness.

5.2 The Impact of Supply Chain Resilience on Supply 
Chain Performance Across Sectors
The relationship between SCR and SCP was significant 
across all industries, with β-coefficients ranging from 
0.371 in the chemical sector to 0.523 in the E&E sector. 
These results underscore the critical role of resilience in 
improving SCP by enabling organizations to maintain 
operational efficiency, ensure delivery reliability, and 
achieve customer satisfaction despite disruptions. The 
findings align with prior studies, such as Chowdhury et 
al. (2021) and Gölgeci et al. (2023), which emphasize 
the value of resilience-enhancing strategies in driving 
superior performance outcomes.

For the chemical sector, the relatively lower β-coefficient 
(0.371) indicates that while SCR positively influences 

performance, the sector's inherent operational stability 
and lower global exposure moderate the strength of 
this relationship. Resilience elements such as supplier 
collaboration during crises and process flexibility play a 
role in sustaining performance, yet the impact appears 
less substantial than in more dynamic sectors. This aligns 
with findings that industries characterized by stable 
demand patterns and stringent regulatory environments 
often experience fewer fluctuations, thereby reducing 
the perceived need for extensive resilience investments 
(Ivanov, 2021; Joseph, 2025). The chemical sector’s 
reliance on long-term contracts and highly regulated 
supply chains serves as a natural buffer against 
disruptions, limiting the urgency for advanced resilience 
strategies. While these practices ensure compliance 
and stability, they may also limit the sector's adaptability 
to sudden, unexpected risks. Recent studies emphasize 
that sectors with lower external volatility often prioritize 
compliance-driven risk management over agility-
focused strategies, resulting in a moderated relationship 
between resilience and performance (Chowdhury et 
al., 2021; Mishra et al., 2024). This finding highlights the 
importance of tailoring resilience-building practices to 
sector-specific characteristics, ensuring that strategies 
align with the unique operational and market dynamics 
of the chemical industry.

In contrast, the E&E sector demonstrated the strongest 
relationship between SCR and SCP (β = 0.523), which 
can be attributed to the sector's high supply chain 
complexity and reliance on global networks. Extensive 
supplier relationships, rapidly evolving technology, and 
frequent cross-border operations necessitate robust 
resilience-enhancing practices such as rapid recovery, 
process flexibility, and strong supplier collaboration. 
Flexibility allows E&E manufacturers to adjust production 
schedules efficiently, addressing sudden supply or 
demand changes, thereby reducing lead times and 
improving delivery reliability. Moreover, the ability to 
recover quickly from disruptions ensures operational 
continuity, directly enhancing customer satisfaction 
and securing a competitive edge in an unpredictable 
market (Chowdhury et al., 2021; Gölgeci et al., 2023).

Similarly, the aerospace sector exhibited a notable 
positive relationship between SCR and SCP, with a 
β-coefficient closely aligned with that of the E&E 
sector. Aerospace supply chains, characterized by 
their reliance on highly specialized components and 
stringent quality requirements, face unique challenges 
in managing disruptions. Resilience practices, such as 
quick recovery capabilities and collaborative supplier 
partnerships to address critical shortages, play a pivotal 
role in maintaining operational performance. Key 
performance outcomes, including delivery precision 
and customer satisfaction, are heavily influenced by the 
sector's ability to mitigate cascading disruptions. Recent 
research emphasizes that the adoption of resilience 
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strategies, including enhanced supply chain visibility 
and contingency planning, is essential for sustaining 
performance in sectors with complex and specialized 
supply chains (Akram et al, 2024; Gruchmann et al., 
2024). These findings highlight the importance of 
tailored resilience approaches to address the distinctive 
operational dynamics of high-stakes industries like E&E 
and aerospace.

These results align with broader research suggesting 
that resilient supply chains are better equipped to 
handle volatility and uncertainty, leading to improved 
operational outcomes across industries. The study 
highlights the necessity of sector-specific strategies 
to optimize the relationship between resilience and 
performance. For example, sectors with complex and 
globalized supply chains, such as E&E and aerospace, 
may require greater investments in collaborative 
partnerships and adaptive capabilities. Conversely, 
sectors like chemicals, which operate in relatively stable 
environments, can achieve significant performance 
gains through targeted resilience practices that align 
with their unique operational contexts. The significant 
and positive relationship between SCR and SCP 
underscores the transformative impact of resilience on 
performance outcomes across industries. By prioritizing 
resilience-building initiatives tailored to their specific 
supply chain dynamics, firms can achieve higher 
levels of operational efficiency, delivery reliability, and 
customer satisfaction, ensuring sustainable success in 
an increasingly uncertain global landscape.

5.3 The Impact of Sustainability Efforts Across Sectors
The moderating effect of SE on the relationship between 
SCRM and SCR was found to be statistically significant 
in the aerospace (β = -0.312, f² = 0.154), pharmaceutical 
(β = -0.220, f² = 0.101), and medical device (β = -0.208, 
f² = 0.093) sectors. Among these, the aerospace sector 
demonstrated a medium effect size based on Cohen’s 
(2013) benchmarks, indicating a meaningful moderating 
influence. Although the negative β-coefficient may 
appear counterintuitive, it highlights the complexity of 
aligning sustainability practices with risk management 
pr ior ities. In highly regulated and safety-cr itical 
industries like aerospace, an overemphasis on SE—
such as pollution control or eco-certification—may 
unintentionally divert resources and management 
attention from immediate risk mitigation strategies, 
potentially weakening the effectiveness of SCRM (Fritz, 
2022).

This finding underscores the need for a balanced 
and integrated approach to sustainability and risk 
management, particularly in sectors with complex 
global supplier networks and stringent compliance 
environments. While initiatives like supplier training, 
green procurement, and environmental reporting can 
enhance long-term resilience by fostering collaboration 

and transparency, these efforts must complement rather 
than compete with core risk governance systems. For 
instance, aligning sustainability goals with risk mitigation 
objectives—such as conducting environmentally 
conscious supplier assessments or implementing dual 
sourcing based on ESG criteria—can create synergy. 
Studies by Chowdhury et al. (2021) and Dubey et al. 
(2023) support this notion, emphasizing that SE must be 
embedded within broader supply chain management 
frameworks to avoid misalignment and strategic 
dilution.

In contrast, the moderating role of SE was not significant 
in the chemical (β = -0.081, f² = 0.012) and E&E sectors (β 
= -0.256, f² = 0.048). These findings suggest that in such 
industries, sustainability and risk management may 
still operate in silos, limiting their interactive potential. 
In the E&E sector, despite significant investment in 
SCRM through digital tools and predictive analytics, 
SE may remain compliance-driven or CSR-oriented, 
with limited integration into operational resilience 
strategies. Similarly, in the chemical sector, SE may be 
treated as a standalone regulatory obligation rather 
than an embedded mechanism for building agility and 
adaptability (Chowdhury et al., 2021; Fritz, 2022).

These patterns are consistent with recent findings 
by Carissimi et al. (2023) and Gölgeci et al. (2023), 
who argue that firms which successfully integrate 
sustainability into their risk management processes tend 
to demonstrate stronger resilience, especially in the 
face of compound disruptions. However, this integration 
requires firms to address internal trade-offs, invest in 
training and systems development, and build a culture 
of cross-functional coordination between sustainability 
and supply chain teams.

The findings from Hypothesis 3b reveal the nuanced and 
sector-specific role of SE in enhancing the SCRM–SCR 
link. While the aerospace sector illustrates the potential 
misalignment risks, the pharmaceutical and medical 
device sectors demonstrate growing synergy between 
sustainability and resilience practices, albeit at a 
modest level. The lack of moderation in other sectors 
points to an opportunity for greater strategic alignment, 
especially for firms aiming to build resilient, sustainable 
supply chains under the goals of the New Industrial 
Master Plan 2030.

6. CONCLUSION AND RECOMMENDATIONS

Th i s  s tudy invest igated the inte r re lat ionsh ips 
between SCRM, SCR, and SCP, and examined the 
moderating effect of SE across five of Malaysia’s 
priority manufacturing sectors. The findings confirm 
that effective risk management strategies significantly 
enhance resilience, which in turn improves operational 
performance—particularly in globally integrated 
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sectors like E&E and aerospace. Moreover, this study 
provides empirical evidence that the influence of 
sustainability on resilience is sector-specific, with SE 
playing a significant moderating role in the aerospace, 
pharmaceutical, and medical device sectors. These 
findings contribute original insights by highlighting 
how sustainability and risk management interact 
differently across industrial contexts, particularly within 
an emerging economy setting.

The study makes a theoretical contribution by advancing 
the understanding of resilience-building through a 
multi-dimensional lens—integrating risk mitigation, 
sustainability practices, and sectoral characteristics. 
While prior research has explored these constructs 
independently, this study is among the first to empirically 
examine their combined effects within Malaysia’s 
strategic manufacturing landscape, thereby filling a 
critical gap in the literature on developing economies 
and mid-tier industrial sectors.

Despite these contributions, several limitations must be 
acknowledged. First, the study was cross-sectional in 
nature and relied on perceptual data from supply chain 
professionals, which may be subject to bias. Second, 
the research focused exclusively on five priority sectors; 
therefore, the findings may not be fully generalizable to 
other industries such as automotive, food processing, or 
services. Lastly, although the sample size was robust, the 
analysis was limited to firms listed in the FMM directory, 
which may exclude informal or micro-enterprises.

In terms of practical implications, the results suggest that 
firms—especially SMEs—should embed sustainability 
into their risk management systems to enhance long-
term resilience. For example, medical device and 
pharmaceutical firms could improve responsiveness 
and compliance by integrating green procurement 
and supplier sustainability training into their contingency 
planning. Policymakers can facilitate this shift by 
providing sector-specific guidelines, capacity-building 
initiatives, and incentives to encourage alignment 
between sustainabil ity and risk objectives. These 
recommendations are directly informed by the sectoral 
patterns observed in the analysis, where SE’s moderating 
effects were evident only in industries already under 
regulatory and international scrutiny.

Future research could address the l imitat ions 
mentioned above by employing longitudinal data 
to capture resilience and performance trends over 
time. Comparative studies across ASEAN countries or 
between public and private firms would also deepen 
understanding of contextual influences. Additionally, 
researchers may explore the role of digitalization, 
artificial intelligence, or circular economy practices 
as mediators or moderators in the SCRM–SCR–SCP 
framework.

In conclusion, this study offers both theoretical and 
applied contributions by demonstrating how sector-
specific strategies in risk management and sustainability 
can jointly influence SCR and performance. The 
insights support a more integrated and context-aware 
approach to supply chain planning, aligned with the 
strategic priorities of Malaysia’s New Industrial Master 
Plan 2030.
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