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Highlights

Please indicate how your work links to systems science via your contributions to systems
practice, theory, and or methodology.

e  This study integrates digital transformation, supply chain resilience, and firm perfor-
mance within a unified analytical framework.

e It examines how organizational, industry, regional, and cultural conditions shape the
relationship between digital transformation and supply chain resilience.

What are the main findings and/or the implications of the main findings?

e Digital transformation is positively associated with supply chain resilience, with
the strength of this relationship varying across DT and SCR dimensions as well as
organizational, industry, regional, and cultural conditions.

e  Supply chain resilience is positively associated with firm performance, with stronger
associations for operational and market performance than for financial performance.

Abstract

Supply chains increasingly face complex disruptions and rapid technological change, mak-
ing the relationship between digital transformation (DT) and supply chain resilience (SCR)
an important issue in supply chain management. Yet existing evidence remains fragmented
across forms of DT, dimensions of SCR, contextual conditions, and performance outcomes.
This study conducts a systematic review and meta-analysis of 200 studies, including 124 ex-
amining the DT-SCR relationship and 104 examining the SCR—performance relationship.
The results show that DT is positively associated with SCR, with stronger associations
for digital capabilities than digital technologies and for reactive than proactive SCR. The
DT-SCR association is also stronger among SMEs and mature firms, in manufacturing
sectors and developing countries, and in contexts characterized by high power distance,
low individualism, and stronger long-term orientation, while uncertainty avoidance shows
no significant moderating effect. SCR is positively associated with firm performance,
with stronger associations for operational and market performance than financial perfor-
mance. By integrating evidence on the antecedents, boundary conditions, and performance
consequences of SCR, this study provides a more differentiated and context-sensitive
understanding of the role of DT in supply chain resilience.
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1. Introduction

In the post-pandemic era, supply chains face increasingly complex and interconnected
disruptions, while rapid technological change is simultaneously reshaping how firms
prepare for and respond to such risks [1,2]. As a result, supply chain resilience (SCR),
reflecting firms’ ability to maintain critical operations, recover from shocks, and adapt
to changing conditions, has become a central issue in supply chain management [3]. At
the same time, digital transformation (DT) is reshaping how firms monitor operations,
process information, coordinate with supply chain partners, and make decisions under
uncertainty [2,4]. Recent advances in generative artificial intelligence (generative Al),
digital twins, and the Internet of Things (IoT) have further accelerated the DT of supply
chains. Moreover, the emergence of Industry 5.0 has shifted attention beyond the efficiency-
and automation-oriented logic of Industry 4.0 toward a broader emphasis on resilience,
sustainability, and human-centricity [5]. Against this backdrop, understanding whether
and under what conditions DT is associated with stronger SCR has become increasingly
important for both research and practice.

A growing body of research has examined the relationship between DT and SCR.
Digital technologies can enhance supply chain visibility, traceability, information pro-
cessing, simulation, and interorganizational coordination, thereby helping firms detect
disruptions and respond to changing conditions [6]. For example, generative Al can
support the synthesis and interpretation of large volumes of heterogeneous information,
facilitate scenario generation, and assist managers in evaluating response options under
uncertainty [7]. Digital twins create dynamic virtual representations of physical systems,
allowing firms to monitor operating conditions, simulate disruption scenarios, assess al-
ternative configurations, and test potential responses without directly affecting ongoing
operations [8]. IoT enables real-time sensing, tracking, and information sharing across sup-
ply chain activities, improving visibility into inventory, logistics, equipment, and supplier
conditions and facilitating earlier detection of emerging disruptions [9]. Together, these
technologies strengthen firms” information acquisition, simulation, and decision-support
capabilities, thereby enhancing their ability to anticipate, respond to, and adapt to supply
chain disruptions.

Despite growing scholarly attention, the accumulated empirical evidence remains
fragmented and heterogeneous. First, studies differ in how they conceptualize DT [10].
Some focus primarily on the adoption and use of specific digital technologies, whereas
others emphasize broader digital capabilities that enable firms to integrate, coordinate, and
deploy digital resources across organizational and supply chain processes. Second, SCR
is itself a multidimensional construct [11]. Some studies emphasize proactive resilience,
such as preparedness, anticipation, monitoring, and prevention, whereas others focus on
reactive resilience, including response, recovery, flexibility, and adaptation. Third, the DT-
SCR relationship may vary across organizational and contextual conditions [12], including
firm characteristics, industry settings, regional development, and national culture. These
differences make it difficult to determine the overall strength of the DT-SCR relationship,
whether this relationship varies across different forms of DT and dimensions of SCR, and
under what organizational and contextual conditions it is stronger.

An additional question concerns the performance consequences of SCR. Although
resilience is generally expected to help firms maintain continuity and cope with disrup-
tions, prior studies have linked SCR to a wide range of performance outcomes, including
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operational, market, and financial performance [13,14]. These performance dimensions
reflect different manifestations of resilience-related value, including operational conti-
nuity, market competitiveness, and financial returns, suggesting that the strength of the
SCR-performance relationship may vary across outcomes. Yet existing studies typically ex-
amine these performance outcomes separately, making it difficult to systematically compare
the strength of the SCR—performance relationship across different outcome types [13].

To address these gaps, this study conducts a systematic review and meta-analysis of
the empirical literature on DT, SCR, and firm performance. The findings provide consistent
evidence of a positive association between DT and SCR, while also revealing substantial
heterogeneity in this relationship. In particular, the association is more pronounced for
digital capabilities than for digital technologies and for reactive than proactive SCR. Its
strength also differs across organizational and contextual settings, with stronger relation-
ships found among SMEs and mature firms, in manufacturing sectors and developing
countries, as well as in contexts characterized by high power distance, low individualism,
and stronger long-term orientation, while no significant differences are observed across
levels of uncertainty avoidance. Beyond the antecedents of resilience, the analysis further
shows that SCR is positively related to firm performance, with comparatively stronger
relationships for operational and market outcomes than for financial outcomes. Taken
together, these findings clarify both the heterogeneity surrounding the DT-SCR relationship
and the differential performance implications of resilience.

This study makes three main contributions. First, it provides an integrated quan-
titative synthesis of two closely related relationships, DT-SCR and SCR-performance,
thereby connecting research on the digital antecedents of resilience with evidence on its
performance consequences. Second, it develops a more differentiated and forward-looking
understanding of the DT-SCR relationship by distinguishing digital technologies from
digital capabilities and proactive from reactive SCR, while situating these distinctions
within the rapidly evolving context of emerging technologies and Industry 5.0 [5]. Third, it
advances a more contextualized understanding of the DT-SCR relationship by identifying
organizational, industry, regional, and cultural conditions under which this relationship is
stronger. Collectively, these contributions integrate previously fragmented evidence, refine
the conceptual understanding of DT and SCR, and clarify the contextual boundaries and
performance implications of their relationship.

2. Theoretical Background and Hypotheses
2.1. Supply Chain Resilience: Conceptual Foundation and Unit of Analysis

SCR is the central construct in this study. Consistent with foundational supply chain
research, SCR refers to the capacity of a supply chain to persist, adapt, and transform in
the face of disruption and environmental change [15,16]. This definition extends beyond
recovery speed or short-term operational stability. It encompasses preparedness before
disruptions, absorption during shocks, response and recovery after disruptions, and adap-
tation or transformation when existing supply chain arrangements no longer fit changing
conditions [17]. Treating SCR as a multidimensional construct is particularly important in
a meta-analysis because primary studies differ in whether they emphasize anticipation,
buffering, response, recovery, adaptation, or broader resilience capabilities [11].

The conceptual scope of SCR can be further clarified by distinguishing engineering
resilience from social-ecological resilience. Engineering resilience emphasizes resistance,
restoration, fail-safe design, time-to-survive, and time-to-recovery. From this perspective, a
resilient supply chain is one that can withstand disruption and restore a stable or improved
operating state. This logic is closely associated with reactive resilience, recovery speed,
continuity restoration, and operational robustness [1]. Social-ecological resilience, by
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contrast, emphasizes safe-fail design, learning, adaptation, transformation, and continuous
change. From this perspective, resilience involves not only recovering from disruption but
also adjusting structures, routines, and relationships as uncertainty evolves [18]. These
perspectives are complementary rather than mutually exclusive. Together, they suggest
that SCR comprises both recovery-oriented and adaptation-oriented capabilities and that
empirical findings may vary according to the particular resilience facet being measured.

The vulnerability-capability framework provides an additional foundation for un-
derstanding SCR [19]. In this framework, resilience emerges from the alignment between
vulnerability factors and capability factors. Vulnerabilities include turbulence, complex-
ity, resource constraints, sensitivity, connectedness, and exposure to disruption, whereas
capabilities include flexibility, visibility, collaboration, adaptability, recovery, anticipation,
information sharing, and resource reconfiguration. The central insight is that resilience does
not arise from any single resource or practice; rather, it depends on whether firms and their
supply chain arrangements possess capabilities suited to the vulnerabilities they face [20].

Because the primary empirical literature predominantly examines SCR from the per-
spective of focal firms, this meta-analysis adopts the focal firm as the unit of analysis.
Focal-firm-level SCR is distinct from generic organizational resilience because it concerns
the firm’s ability to maintain, restore, and adjust supply chain-related activities that depend
on suppliers, customers, logistics arrangements, and information flows, rather than its
overall capacity to survive or adapt [21]. It is also narrower than resilience assessed across
a complete multi-tier supply chain network, which would require direct observation of
multiple upstream and downstream actors [22]. This formulation recognizes that focal
firms build resilience through interorganizational relationships and coordination while
remaining consistent with how the included empirical studies operationalize SCR.

This unit-of-analysis choice defines the scope of the theoretical arguments developed
below. We examine how a focal firm’s DT is associated with its SCR and how SCR, in
turn, is associated with performance outcomes observed at the same level, rather than
making claims about resilience across an entire multi-tier network. This boundary aligns
the theoretical interpretation with the measurement level of the primary studies while
preserving the supply chain character of SCR through its emphasis on supplier coordination,
customer responsiveness, information sharing, logistics continuity, and cross-boundary
resource adjustment under disruption.

2.2. Digital Transformation as Technology Adoption and Capability Building

DT refers to a technology-enabled strategic transformation through which firms re-
design business processes, decision routines, organizational structures, and interorganiza-
tional coordination for value creation [23]. This definition extends beyond the adoption of
individual digital tools and treats DT as an organizational change process in which digital
resources are embedded in activities, routines, governance arrangements, and supply chain
interfaces [24]. Recent developments associated with Industry 5.0 further extend this view
by emphasizing that DT is not solely an efficiency-driven process of automation, but also
a broader organizational transformation in which technological systems are increasingly
designed and deployed in conjunction with human capabilities, resilience objectives, and
sustainability considerations [5].

In this study, DT is conceptualized as a multidimensional construct comprising digital
technologies and digital capabilities. Digital technologies encompass the adoption and
use of generative Al, digital twins, IoT, big data analytics, and related tools. As these
technologies become increasingly interconnected and embedded across organizational
and supply chain processes, their effective use depends not only on access to individual
technological resources but also on firms’ ability to integrate data and systems, coordinate
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their use across functions and organizational boundaries, and adapt digital resources to
changing operational requirements [25,26]. Contemporary DT therefore involves both the
expansion of firms’ technological resource base and the development of organizational
capabilities for integrating, coordinating, and deploying these resources. Digital capabilities
capture this latter dimension, referring to firms” ability to integrate, coordinate, and deploy
digital resources within organizational routines, decision processes, and supply chain
relationships [10]. Although digital capabilities conceptually overlap with the broader
notion of dynamic capabilities, our study does not treat the two constructs as equivalent.
Digital capabilities are defined more narrowly here as a domain-specific construct centered
on the effective integration and deployment of digital resources within organizational and
supply chain processes.

The distinction between digital technologies and digital capabilities is theoretically
important because possessing or adopting digital technologies is not equivalent to the
organizational ability to integrate and deploy them effectively [27]. Firms may invest in an-
alytics, platforms, connected devices, or simulation tools without fully incorporating the re-
sulting information and functionalities into organizational routines and interorganizational
processes. Digital capabilities enable firms to mobilize technological resources through co-
ordinated use and integration across functions and supply chain relationships [28]. Digital
technologies and digital capabilities therefore represent related but distinct dimensions
of DT: the former constitute the technological resource base, whereas the latter reflect the
organizational capacity to integrate and deploy these resources. This distinction allows the
meta-analysis to compare the associations of digital technologies and digital capabilities
with SCR.

2.3. Theoretical Relationship Between Digital Transformation and Supply Chain Resilience

Under disruption and uncertainty, firms need to detect emerging threats, evaluate
response options, and adjust resources and routines as conditions change. These activities
are consistent with a dynamic capabilities perspective [29]. DT can support this process by
improving real-time data capture, risk detection, predictive analysis, and visibility, which
help firms identify emerging disruptions and evaluate possible responses [30,31]. It can
also facilitate faster coordination across functions and supply chain partners, enabling
firms to mobilize resources and adjust decisions as disruption conditions evolve [32]. As
circumstances change further, digitalization can support process redesign, supplier and
logistics adjustment, and the redeployment of resources across organizational and supply
chain boundaries [33]. Together, these mechanisms help explain why DT may strengthen
firms’ ability to anticipate, respond to, recover from, and adapt to supply chain disruptions.

Specific digital technologies may support these resilience-related activities through dis-
tinct but complementary functions. Table 1 summarizes the principal mechanisms through
which representative digital technologies may contribute to resilience-related capabilities.
Multiple technologies may jointly support the same resilience-related activities, and their
effects depend on how they are integrated into organizational and supply chain processes.

Table 1. Mechanisms Linking Representative Digital Technologies to Resilience-Related Capabilities.

Digital Technology Core Functions Resilience-Related Capabilities
. Knowledge synthesis, scenario Risk interpretation, response evaluation, and
Generative Al . . . .
generation, and decision support decision support under uncertainty

Digital twins

Real-time representation, simulation, ~Disruption anticipation, contingency assessment,
and scenario testing and evaluation of operational reconfiguration
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Table 1. Cont.
Digital Technology Core Functions Resilience-Related Capabilities
Real-time sensing, tracking, Supply chain visibility, early disruption detection,

Internet of Things (IoT)

connectivity, and information sharing continuous monitoring, and rapid coordination

Large-scale data processing, pattern  Risk forecasting, disruption identification,

Big data analytics recognition, prediction, and evidence-based decision-making, and

anomaly detection resource adjustment

Distributed record keeping, Supply chain transparency, provenance
Blockchain traceability, data integrity, and verification, trusted interorganizational

trusted information sharing information sharing, and disruption traceability

However, the relationship between DT and SCR is not necessarily uniformly beneficial.
Greater digitalization can introduce new vulnerabilities through cybersecurity exposure, de-
pendence on interconnected digital infrastructures, interoperability problems, information
overload, and implementation complexity [34]. Digital systems may also increase vulner-
ability when firms become highly dependent on tightly coupled technologies or when
digital initiatives are poorly aligned with existing routines and supply chain processes.
DT can therefore strengthen the informational, coordinative, and adaptive foundations of
SCR while also introducing new technological and organizational risks [35]. Despite these
potential risks, the accumulated literature generally suggests a positive overall association
between DT and SCR [36,37]. We therefore propose:

H1. DT is positively associated with SCR.

The strength of this association may differ across the two dimensions of DT identified
above. Digital technologies constitute the technological resource base of DT, whereas digital
capabilities reflect firms’ ability to integrate, coordinate, and deploy digital resources within
organizational routines, decision processes, and supply chain relationships. Although
digital technologies provide important functionalities for connectivity, sensing, information
processing, simulation, and decision support, these resources do not necessarily translate
directly into coordinated organizational action [38]. Firms may possess advanced digital
technologies without fully embedding them into planning, interorganizational coordination,
or disruption-response routines [39]. Digital capabilities are therefore more directly related
to the organizational processes through which digital resources are interpreted, combined,
and deployed across functions and supply chain relationships [40]. Because SCR depends
not only on access to digital resources but also on firms’ ability to mobilize them effectively
under disruption, digital capabilities are expected to exhibit a stronger association with
SCR than digital technologies. We therefore propose:

H1a. The positive association between digital capabilities and SCR is stronger than that between
digital technologies and SCR.

The DT-SCR association may also differ across proactive and reactive dimensions of re-
silience. Proactive resilience emphasizes preparedness, anticipation, monitoring, buffering,
and prevention before disruptions occur, whereas reactive resilience focuses on response, re-
covery, flexibility, and adaptation during and after disruptions [2,28]. DT can support both
dimensions, but its association with reactive resilience is expected to be stronger. Reactive
resilience relies heavily on real-time visibility, rapid information processing, communica-
tion, coordinated decision-making, and operational adjustment during disruptions, all of
which can be supported relatively directly by digital technologies and capabilities [31,41].
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Proactive resilience also benefits from predictive information and early-warning systems,
but it often depends on longer-term organizational arrangements such as redundancy,
supplier diversification, contingency planning, and sustained capability development that
extend beyond digitalization alone. Accordingly, the contribution of DT is likely to be more
directly reflected in firms” ability to respond to and recover from disruptions than in the
broader set of arrangements underlying proactive preparedness [42]. We therefore propose:

H1b. The positive association between DT and reactive SCR is stronger than that between DT and
proactive SCR.

2.4. Boundary Conditions of the DT-SCR Relationship

The association between DT and SCR is unlikely to be uniform across firms and
contexts. Prior research suggests that the value of organizational capabilities depends on
the conditions under which they are deployed, while SCR research emphasizes the need
to match capabilities with specific sources of vulnerability [43,44]. Accordingly, the extent
to which DT is associated with SCR may depend on whether digital resources address
salient vulnerabilities and whether organizational and contextual conditions enable these
resources to be effectively embedded in routines and supply chain processes [2,37]. This
study therefore examines heterogeneity in the DT-SCR relationship across organizational
attributes, industry characteristics, regional development, and national culture. These
contingencies help explain why prior empirical studies report varying magnitudes of the
DT-SCR association.

2.4.1. Organizational Attributes

Firm size may shape the strength of the DT-SCR association because SMEs and large
firms differ in resource endowments, structural complexity, and decision-making pro-
cesses [45,46]. SMEs often face greater financial, human, and informational constraints
in managing supply chain risks. Under such conditions, digital resources may generate
greater marginal benefits by improving visibility, reducing information gaps, and strength-
ening coordination and response flexibility [47,48]. Large firms generally possess more
abundant resources, but their greater organizational complexity, fragmented systems, and
structural inertia may slow information flows and complicate the integration of digital
resources across business units and supply chain interfaces. Accordingly, the DT-SCR asso-
ciation may be stronger for SMEs, where digital resources can more directly compensate
for resource and coordination constraints. We therefore propose:

H2a. The positive association between DT and SCR is stronger for SMEs than for large firms.

Firm age may also moderate the DT-SCR relationship because it reflects accumulated
organizational experience, routinized processes, and the maturity of risk-management
practices [49]. Mature firms typically possess more established operating routines, sup-
plier relationships, and response mechanisms, which may provide a stronger foundation
for integrating digital technologies and capabilities into resilience-related activities [50].
Younger firms may be more flexible but often lack stable routines, established supply chain
relationships, and formalized risk-management mechanisms, which may make the integra-
tion of digital initiatives into stable resilience-related routines more difficult. Accordingly,
the DT-SCR association may be stronger in mature firms because accumulated learning
and process maturity facilitate the integration of digital resources into organizational and
supply chain routines. We therefore propose:

H2b. The positive association between DT and SCRis stronger for mature firms than for younger firms.
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2.4.2. Industry Characteristics

Industry type may condition the strength of the DT-SCR association because manufac-
turing and service firms differ in their operational structures and sources of supply chain
vulnerability. Manufacturing supply chains typically involve multi-tier physical flows,
production planning, inventory coordination, and logistics scheduling, making visibility,
traceability, and cross-organizational coordination particularly important [51]. In such set-
tings, digital technologies are often more directly embedded in physical operations and may
support disruption monitoring, production adjustment, and coordination across suppliers
and customers [52]. Service firms also face substantial uncertainty, but their digital trans-
formation may focus more on customer interfaces, service delivery, and digital channels,
while generally relying less on complex physical production and material-flow coordina-
tion [26]. At this broad industry level, the DT-SCR association may therefore be stronger in
manufacturing, where digital resources are more directly connected to the monitoring and
coordination of complex physical supply chain processes. We therefore propose:

H2c. The positive association between DT and SCR is stronger in manufacturing firms than in
service firms.

2.4.3. Regional Development

Regional development level may condition the strength of the DT-SCR association
because firms in developing economies may operate under greater institutional uncertainty,
infrastructure constraints, resource limitations, and less mature supply chain support
systems [53]. Under such conditions, digital resources may generate greater marginal
benefits by reducing information asymmetry, improving coordination, and supporting
faster responses when formal infrastructure or institutional support is limited [40]. Firms
in developed economies, by contrast, generally operate with more mature infrastructure,
established risk-buffering mechanisms, and more formalized supply chain processes, which
may reduce the marginal resilience-related value of additional digitalization. Accordingly,
the DT-SCR association may be stronger in developing economies, where improvements in
visibility, traceability, and coordination can more directly compensate for existing structural
and institutional constraints. We therefore propose:

H2d. The positive association between DT and SCR is stronger in developing economies than in
developed economies.

2.4.4. National Culture

National culture provides an important institutional and behavioral context for the im-
plementation of DT. Cultural norms may affect authority relationships, information sharing,
cooperation, risk preferences, and decision-making across organizational boundaries [54].
These conditions may affect how digital resources are integrated into organizational and
supply chain processes and, consequently, the strength of the DT-SCR association. We
therefore examine four cultural dimensions that are particularly relevant to organizational
coordination, risk management, and long-term investment: power distance, individualism-
collectivism, uncertainty avoidance, and long-term orientation [55].

Power distance reflects the extent to which unequal distributions of authority are
accepted in a society [54]. In higher power-distance contexts, more centralized authority
may facilitate top-down implementation, standardized execution, and rapid coordination
during digital transformation initiatives [22]. Such centralized structures can help align dig-
ital tools, decision routines, and organizational responses across functions and supply chain
interfaces, particularly when disruptions require timely and coordinated action [22,54]. As
a result, digital resources may be mobilized more consistently and rapidly across organiza-
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tional levels, strengthening their role in supporting resilience-related responses. By contrast,
lower power-distance contexts typically rely more on decentralized and participatory deci-
sion structures, which may require greater cross-level consultation and coordination before
digital resources can be implemented consistently across the organization. Accordingly,
the DT-SCR association may be stronger in higher power-distance contexts. We therefore
propose:

H2e. The positive association between DT and SCR is stronger in cultures characterized by higher
power distance.

Individualism-collectivism captures whether individuals prioritize autonomy and per-
sonal goals or group goals and collective interests. Collectivistic cultures tend to emphasize
shared goals, relational embeddedness, and cooperation, which can support information
sharing and coordinated action across organizational boundaries [56]. These conditions
are particularly relevant to DT because resilience-related digitalization often depends on
data sharing, collaborative planning, and coordinated responses among supply chain part-
ners [39,57]. In more individualistic contexts, stronger emphasis on autonomy may make
cross-boundary information sharing and coordinated action more dependent on formal
governance mechanisms. We therefore propose:

H2f. The positive association between DT and SCR is stronger in more collectivistic cultures.

Uncertainty avoidance reflects the extent to which members of a society prefer pre-
dictability and seek to reduce ambiguity and uncertainty [58]. In cultures characterized by
higher uncertainty avoidance, organizations may place greater emphasis on formal risk
management, monitoring, forecasting, and contingency planning [59]. Digital resources
can support these practices by improving risk visibility, enabling predictive analysis, and
facilitating more structured responses to disruption [8,60]. Accordingly, the DT-SCR associ-
ation may be stronger in higher uncertainty-avoidance contexts, where digital resources
are more likely to be used in support of structured risk monitoring, forecasting, and
disruption-response processes. We therefore propose:

H2g. The positive association between DT and SCR is stronger in cultures characterized by higher
uncertainty avoidance.

Long-term orientation reflects the extent to which societies emphasize persistence,
future-oriented planning, and investment in long-term outcomes [58]. Both DT and SCR
often involve sustained investment, organizational learning, and capability development
whose benefits may emerge only over time [24,61]. In more long-term-oriented contexts,
firms may be more willing to maintain these investments and organizational commitments
rather than prioritize short-term returns. Accordingly, the DT-SCR association may be
stronger in such contexts, where firms are more likely to sustain the investments and
organizational adjustments required to integrate digital resources into resilience-related
processes. We therefore propose:

H2h. The positive association between DT and SCR is stronger in cultures characterized by higher
long-term orientation.

2.5. Performance Outcomes of Supply Chain Resilience

Because primary studies predominantly measure SCR at the focal-firm level, this meta-
analysis examines its association with firm performance. SCR is performance-relevant
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because it reflects firms’ ability to maintain supply chain-related activities, coordinate re-
sponses, and reconfigure processes under disruption [11,62]. These abilities may help firms
sustain continuity and adapt operations under changing conditions, thereby supporting
stronger performance outcomes. We therefore propose:

H3. Supply chain resilience is positively associated with firm performance.

Firm performance is multidimensional, and different performance outcomes may re-
flect the value of SCR with varying degrees of immediacy. Operational performance is most
proximal to SCR because it captures continuity, delivery reliability, efficiency, flexibility,
and responsiveness, all of which are closely related to firms’ ability to sustain and restore
supply chain-related activities under disruption [63]. Market performance may also reflect
the benefits of SCR, as firms that maintain continuity and respond reliably during disrup-
tions may be better able to preserve customer trust, service reputation, responsiveness to
changing demand, and competitive position [64]. Financial performance, by contrast, is
more distal because it is shaped not only by disruption-related losses and recovery costs
but also by pricing, demand, competitive conditions, investment costs, and other factors
beyond resilience itself. Its benefits may also emerge with a lag, after operational continuity
and market responsiveness are translated into accounting or return-based outcomes [65].
Accordingly, SCR is expected to be more strongly associated with operational and market
performance than with financial performance. We therefore propose:

H3a. The positive association between SCR and operational performance is stronger than that
between SCR and financial performance.

H3b. The positive association between SCR and market performance is stronger than that between
SCR and financial performance.

Figure 1 summarizes the conceptual framework, hypothesized associations, and
boundary conditions examined in this meta-analysis.

Organizational, Industry, and Regional Conditions

¢ Firm size ¢ Industry characteristics

e Firm age * Regional development

H2a-d

Firm Performance

Digital Transformation

Supply Chain Resilience

[ Operational performance ]

H3

‘ Digital technologies ’
Proactive resilience

[ Market performance ]

{ Reactive resilience ]
Financial performance

\ J

‘ Digital capabilities ’

_ S,

H2e-h

e et = B

National Culture
¢ Power distance ¢ Uncertainty avoidance

¢ Individualism—collectivism  ® Long-term orientation

Figure 1. Conceptual Framework and Hypothesized Relationships. Solid arrows represent the main
hypothesized relationships, whereas dashed arrows represent the hypothesized moderating effects
on the DT-SCR relationship.
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3. Research Method
3.1. Review Design and Search Strategy

This study employs a systematic review-based meta-analysis to synthesize empiri-
cal evidence on two theoretically related relationships: (1) the relationship between DT
and SCR, and (2) the relationship between SCR and firm performance. The systematic
review component provides a transparent process for identifying, screening, and coding
relevant studies, whereas the meta-analytic component statistically integrates effect sizes
and examines heterogeneity across empirical findings [66,67].

Following this research design, we constructed two evidence pools. The first comprises
empirical studies examining the DT-SCR relationship and is used to evaluate the overall
association between DT and SCR, differences between digital technologies and digital
capabilities, and contextual boundary conditions. The second comprises empirical studies
examining the SCR—performance relationship and is used to assess whether the association
between SCR and firm performance varies across performance dimensions. Although the
two evidence pools focus on different relationships, they follow the same database search
procedures, eligibility criteria, coding procedures, and effect-size extraction rules. Because
some studies provide evidence on both relationships, the study counts for the two evidence
pools are not mutually exclusive.

We searched Web of Science, Scopus, and ProQuest ABI/INFORM. The search covered
studies published from 2000 to June 2026, with the initial search conducted in May 2025
and an updated search performed in June 2026 to capture recent developments in DT and
SCR research. Searches were restricted to peer-reviewed English-language journal articles.
Search terms were applied to the relevant metadata fields available in each database,
including title, abstract, keywords, topic, subject, and summary fields, depending on
database-specific syntax. The complete search strings, database-specific settings, and field
specifications are reported in Supplementary File S2.

For the DT-SCR evidence pool, DT-related keywords included digital transformation,
digitalization, digital technologies, digital capabilities, Industry 4.0, Industry 5.0, artificial
intelligence, generative Al, machine learning, IoT, blockchain, cloud computing, big data
analytics, digital platforms, digital twins, cyber-physical systems, and smart manufacturing.
These terms were combined with SCR-related keywords, including supply chain resilience,
supply chain disruption, supply chain risk, supply chain robustness, supply chain recovery,
supply chain adaptability, supply chain agility, and supply chain continuity.

For the SCR-performance evidence pool, SCR-related keywords were combined with
performance-related keywords, including firm performance, operational performance,
financial performance, market performance, competitive advantage, supply chain per-
formance, economic performance, and business performance. Search results from both
evidence pools were consolidated into a unified screening process before duplicate removal
and eligibility assessment. The same inclusion criteria, coding procedures, and effect-size
extraction rules were applied across both evidence pools.

3.2. Study Selection and Eligibility Criteria

The screening process followed a PRISMA-style sequence comprising record identifi-
cation, duplicate removal, title and abstract screening, full-text eligibility assessment, and
final inclusion, as summarized in Figure 2.

The database searches identified 4479 records before deduplication. After 2292 du-
plicate records were removed, 2187 records remained for title and abstract screening. At
this stage, 1764 records were excluded because they did not meet the substantive focus or
eligibility requirements of the review. The remaining 423 full-text studies were assessed for
eligibility, of which 223 were excluded. The main reasons for exclusion included an irrel-
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Identification
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evant research focus, lack of extractable effect sizes, conceptual or review-based designs,
insufficiently independent samples, and other eligibility-related issues.

Identification of studies via databases

Fiotarts idoestio from: Records removed before screening:
Web of Science
Scopus o Duplicate records removed
ProQuest ABI/INFORM (n=2292)
Total records (n = 4479)
Records screened e O Records excluded
(n=2187) (n=1764)

'

Reports sought for retrieval Reports not retrieved
(n=423) (n=0)

v

‘

Reports excluded:
Not related to the focal relationships
or constructs (n = 75)

Reports assessed for eligibility
(n=423)

v

No extractable effect size (n = 60)

Conceptual, review, or other
non-empirical studies (n = 45)
Duplicate or insufficiently

Included

independent samples (n = 18)

Studies included in review
Other reasans (n = 25)

(n=200)
DT-SCR evidence pool: 124 studies

SCR-performance evidence pool: 104 studies

Studies contributing to both pools: 28

Figure 2. PRISMA flow diagram of the literature selection process.

Studies were eligible for inclusion if they met the following criteria: (1) they were
peer-reviewed English-language empirical journal articles; (2) they examined firms, organi-
zations, supply chains, or interorganizational supply chain contexts; (3) they investigated
either the DT-SCR relationship or the SCR-performance relationship; and (4) they reported
sufficient statistical information to calculate or convert effect sizes together with the corre-
sponding sample size.

The final sample comprised 200 unique studies. Of these, 124 contributed evi-
dence to the DT-SCR evidence pool and 104 to the SCR-performance evidence pool.
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Because some studies examined both relationships, 28 studies contributed to both evi-
dence pools. The complete list of included studies and coding information is provided in
Supplementary File S3.

3.3. Data Extraction and Coding

A predefined coding scheme was developed to guide data extraction and ensure con-
sistency across the included studies. The coding scheme covered bibliographic information,
sample characteristics, construct-related information, moderator variables, and effect-size
information. Bibliographic information included authorship, publication year, and journal.
Sample characteristics included sample size, country or region, industry context, firm size,
and firm age. Construct-related information captured DT dimensions, SCR operational-
izations, and firm performance dimensions. Moderator variables included organizational,
contextual, and cultural characteristics examined in subgroup analyses. Effect-size infor-
mation included reported correlations or convertible statistics, sample sizes, and reliability
information when available. Two researchers independently coded all included studies
using a standardized coding form. Discrepancies were resolved through discussion and
re-examination of the original articles until consensus was reached. The initial inter-coder
agreement rate before reconciliation was 96.54%, indicating a high level of coding consis-
tency. Coding decisions were based on the construct definitions and operationalizations
reported in the original studies rather than on variable labels alone, thereby reducing po-
tential misclassification arising from qualitative differences across studies. Detailed search
procedures, screening criteria, and coding rules are provided in Supplementary File S2.

For the DT-SCR evidence pool, coding focused on both relationship-specific constructs
and contextual characteristics that could explain heterogeneity across studies. DT was
classified into digital technologies, digital capabilities, and combined categories. Digital
technologies refer to the adoption or use of specific digital tools, including artificial intel-
ligence, the Internet of Things, blockchain, cloud computing, big data analytics, digital
platforms, and other technology-based applications. Digital capabilities refer to organiza-
tional capabilities that enable firms to integrate, coordinate, and deploy digital resources,
including digital sensing capability, digital integration capability, data-driven decision-
making capability, and coordination capability. Studies incorporating both technology and
capability elements, or lacking a clear distinction between the two, were coded as combined
and retained in the overall synthesis where applicable. SCR operationalization was coded
as proactive resilience, reactive resilience, or overall resilience. Proactive resilience cap-
tures preparedness-oriented capabilities before disruptions occur, including anticipation,
prevention, risk monitoring, and buffering activities. Reactive resilience reflects response-
oriented capabilities during and after disruptions, including recovery, adaptation, and
restoration. Overall resilience refers to studies measuring SCR as a composite construct
without distinguishing between proactive and reactive dimensions.

Study-level moderators were coded for the DT-SCR evidence pool to examine potential
boundary conditions. Firm size was coded using the average number of employees.
Following prior meta-analytic studies, samples with a mean workforce of fewer than
500 employees were classified as SME samples, whereas those with 500 employees or more
were classified as large-firm samples [68]. Firm age was coded using average firm age in
years. Because firm maturity may vary across industries and research contexts, different
thresholds have been used in prior studies. Following prior meta-analytic research, we
used an average firm age of eight years as the cutoff between young and mature firms [49].
Accordingly, samples with a mean firm age of eight years or less were classified as young-
firm samples, whereas those with a mean firm age above eight years were classified as
mature-firm samples.
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Industry type was coded as manufacturing, services, or Mixed based on the primary
industry composition of the sampled firms. Regional development level was coded as de-
veloped or developing based on International Monetary Fund (IMF) classifications, whereas
studies involving mixed country samples were coded as Mixed and those with insuffi-
cient country information were coded as NA. National culture was operationalized using
Hofstede’s cultural dimensions, including power distance, individualism-collectivism,
uncertainty avoidance, and long-term orientation. For single-country studies, the corre-
sponding country-level cultural scores were assigned. For multi-country studies, cultural
scores were assigned only when sufficient information was available on country compo-
sition or weighting procedures; otherwise, they were coded as NA. High- and low-score
groups were created using the mean score across coded studies as the cutoff for each
cultural dimension.

For the SCR-performance evidence pool, coding focused on relationship-specific out-
come dimensions. Firm performance was classified into operational performance, market
performance, financial performance, and overall performance. Operational performance
includes efficiency, delivery, cost, flexibility, and process-related outcomes. Market perfor-
mance includes customer-related outcomes, competitive position, innovation outcomes,
and other market-oriented indicators. Financial performance includes accounting-based,
return-based, and other financial outcomes. Overall performance measures were retained in
the overall synthesis but were not treated as a separate performance-dimension subgroup.

Throughout the coding process, Overall indicates an undifferentiated construct mea-
sure; Combined indicates DT measures integrating both digital technology and capability
dimensions or measures for which the two dimensions could not be clearly distinguished;
Mixed indicates samples spanning multiple categories; and NA indicates information that
was not reported or was insufficiently specified.

3.4. Effect Size Computation and Statistical Analysis

Pearson’s r was used as the common effect-size metric across the two evidence pools.
When a study reported zero-order correlations for a focal relationship, these correlations
were extracted directly. When multiple effect sizes were reported from the same study
and sample for the same focal relationship, the effects were aggregated for the main-
effect analyses to avoid over-representing individual studies. For analyses examining
specific construct operationalizations, such as DT dimensions, SCR operationalizations,
or performance dimensions, dimension-specific effect sizes were retained to preserve
meaningful variation across constructs.

When standardized regression coefficients were reported without zero-order correla-
tions, they were converted into approximate correlation coefficients [69]. Specifically, the
convenience imputation formula r = p 4 0.05A was applied, where A = 1when >0
and A = 0when 8 < 0. This conversion was used only when zero-order correlations were
unavailable. Correlations were corrected for attenuation when reliability estimates were
reported. When reliability information was unavailable, reliability values were imputed
using the sample-size-weighted mean reliability derived from the available studies. All
correlation coefficients were transformed into Fisher’s z values for statistical synthesis and
subsequently back-transformed into r values for interpretation.

Effect sizes were synthesized using random-effects models because the included
studies varied in theoretical foundations, samples, measurement approaches, research
contexts, and study designs, suggesting that the underlying effects may differ across
studies [32]. All meta-analytic procedures were conducted using Comprehensive Meta-
Analysis (CMA) 3.0. Between-study heterogeneity was assessed using Cochran’s Q) statistic
and the I? statistic. Cochran’s Q tests whether the observed variation in effect sizes exceeds
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that expected from sampling error, whereas I? indicates the proportion of total observed
variance attributable to between-study heterogeneity.

Moderator analyses were conducted using subgroup comparisons based on the
between-group heterogeneity statistic. For the DT-SCR evidence pool, subgroup anal-
yses examined potential boundary conditions related to organizational characteristics,
industry context, regional development, national culture, and construct operationalization.
Specifically, the analyses examined firm size, firm age, industry type, regional develop-
ment level, Hofstede’s cultural dimensions, DT dimensions (digital technologies versus
digital capabilities), and SCR operationalization (proactive versus reactive resilience). For
the SCR-performance evidence pool, subgroup analyses examined whether the associa-
tion between SCR and firm performance varied across operational, market, and financial
performance dimensions.

3.5. Publication Bias Assessment and Sensitivity Analyses

Publication bias was assessed using Rosenthal’s fail-safe N and Egger’s regression test.
Rosenthal’s fail-safe N estimates the number of unpublished null-effect studies required to
reduce the observed effect to statistical non-significance. The resulting fail-safe N values
were compared with the conventional tolerance threshold of 5k + 10, where k denotes
the number of effect sizes included in the synthesis. Egger’s regression test was used to
assess potential small-study effects by examining whether effect sizes were systematically
associated with their precision. These procedures were applied separately to the DT-SCR
and SCR-performance evidence pools.

To assess the robustness of the two main syntheses, we also conducted leave-one-out
sensitivity analyses by re-estimating the pooled effect after removing one study at a time.
These analyses were used to determine whether the overall DT-SCR and SCR-performance
estimates were disproportionately influenced by any single study.

4. Results
4.1. Publication Bias and Sensitivity Analyses

Before testing the hypothesized relationships, we assessed potential publication bias
and the robustness of the meta-analytic findings across the two evidence pools. Publication
bias was examined using Egger’s regression test and Rosenthal’s fail-safe N, with the
results presented in Table 2. For the DT-SCR relationship (k = 124), Egger’s regression
test was non-significant (intercept = —1.519, t = 0.787, p = 0.433), indicating no substan-
tial evidence of small-study effects. In addition, the fail-safe N was 15,741, substantially
exceeding Rosenthal’s tolerance criterion (5k + 10 = 630), suggesting that a large num-
ber of unpublished null-effect studies would be required to reduce the observed effect
to statistical non-significance. For the SCR—performance relationship (k = 104), Egger’s
regression test was likewise non-significant (intercept = 3.119, t = 1.629, p = 0.106). The
corresponding fail-safe N was 18,349, which also substantially exceeded the tolerance
threshold (5k 4+ 10 = 530). Taken together, these results provide no strong evidence of
publication bias in either evidence pool.

Table 2. Publication bias tests.

Path k Egger’s Intercept t p Fail-Safe N
DT-SCR 124 —1.519 0.787 0.433 15,741
SCR-performance 104 3.119 1.629 0.106 18,349

Note: k = number of studies; Egger’s intercept, t, and p are statistics from Egger’s regression test; Fail-safe
N = Rosenthal’s fail-safe number.
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To further assess the robustness of the pooled effects, leave-one-out sensitivity analyses
were conducted using random-effects models. The pooled correlations remained highly
stable when each study was sequentially removed. Specifically, the pooled effect size
for the DT-SCR relationship ranged from r = 0.594 to r = 0.603, whereas that for the
SCR-performance relationship ranged from r = 0.584 to r = 0.597. These results indicate
that no individual study exerted a disproportionate influence on the overall meta-analytic
estimates, supporting the robustness of the pooled relationships.

4.2. Digital Transformation and Supply Chain Resilience
4.2.1. Main Effect

Table 3 presents the meta-analytic results for the relationship between DT and SCR.
The overall results show that DT is positively associated with SCR (r = 0.600, p < 0.001),
supporting HI.

Table 3. Meta-analytic results for digital transformation and supply chain resilience.

95% CI

Path k N r - UL z p Q %) Qv P (Qp)
DT-SCR 124 34,821 0.600 0554 0.642 19.644 0.000 5214.824 97.641
Capa-SCR 60 15293 0.626 0560 0.684  14.121 0.000 2393.698 97.535
Tech-SCR 44 12,219 0508 0437 0573  11.963 0.000 1133.996 96.208 6177 0.013
DT-Proactive 13 3694 0397 0255 0521 5196 0.000 274203 @ 95.624
DT-Reactive 35 8226 0583 0497 0.657 10.825 0.000 1039.622 96.730 917 0015

Note: k = number of studies; N = total sample size; r = weighted mean correlation; CI LL and CI UL = lower and
upper bounds of the 95% confidence interval; Q = heterogeneity statistic; I? = percentage of total variation at-
tributable to between-study heterogeneity; Q, = between-group heterogeneity statistic. Capa = digital capabilities;
Tech = digital technologies; SCR = supply chain resilience.

We further examined whether the strength of the DT-SCR relationship differs across
dimensions of DT. Both digital capabilities and digital technologies are positively associated
with SCR. The association is stronger for digital capabilities (v = 0.626, p < 0.001) than for
digital technologies (r = 0.508, p < 0.001). The between-group difference is statistically
significant (Qp, = 6.177, p = 0.013), indicating that digital capabilities are more strongly
associated with SCR than digital technologies. Thus, Hla is supported.

We also examined whether the DT-SCR relationship varies across SCR operational-
izations. DT is positively associated with both proactive resilience (r = 0.397, p < 0.001)
and reactive resilience (r = 0.583, p < 0.001). The between-group difference is statistically
significant (Qp = 5.917, p = 0.015), indicating a stronger association with reactive resilience
than with proactive resilience. Thus, H1b is supported.

4.2.2. Moderator Analyses

Given the substantial heterogeneity in the DT-SCR relationship, we conducted sub-
group analyses to examine whether organizational, industry, regional, and cultural factors
moderate the strength of this association. The results are presented in Table 4.

Regarding organizational characteristics, firm size significantly moderates the DT-SCR
relationship. The association between DT and SCR is stronger among SMEs (r = 0.637,
p <0.001) than among large firms (r = 0.543, p < 0.001), with a significant between-group
difference (Qp = 3.964, p = 0.046). Thus, H2a is supported. Firm age also significantly
moderates the DT-SCR relationship. The association is stronger among mature firms
(r=0.549, p < 0.001) than among younger firms (v = 0.389, p < 0.001), with a significant
between-group difference (Q, = 9.106, p = 0.003). Thus, H2b is supported.
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Table 4. Subgroup analyses of the DT-SCR relationship.
b ) 95% CI p 0 Q)
Pat N r z
a L UL b P&
Firm size
Large 33 8068 0.543 0.479 0.602 13.622 0.000
3.964 0.046
SMEs 35 9661 0.637 0.566 0.698 13.273 0.000
Firm age
Mature 26 7039 0.549 0.472 0.618 11.574 0.000
9.106 0.003
Young 2 588 0.389 0.315 0.458 9.504 0.000
Sector
Manufacturing 59 15,294  0.643 0.591 0.689 17.870 0.000
- 6.722 0.010
Services 13 3663 0.507 0.404 0.597 8.417 0.000
Subsector
Food and Beverage 2 542 0.664 0.288 0.862 3.118 0.002 12.311 0.006
Healthcare Services 4 933 0.480 0.335 0.602 5.876 0.000
Retail and Wholesale 2 682 0.557 0.503 0.607 16.333 0.000
Textile and Apparel 2 528 0.663 0.612 0.708 18.219 0.000
Regional development
Developed 10 2400 0.441 0.276 0.580 4.892 0.000
. 6.323 0.012
Developing 102 29,746  0.626 0.578 0.670 19.087 0.000
Power distance
High 78 22,615  0.614 0.563 0.661 17.831 0.000
6.412 0.011
Low 12 2957 0.436 0.283 0.567 5.210 0.000
Individualism
High 28 6480 0.505 0.405 0.593 8.604 0.000
5.491 0.019
Low 62 19,092  0.629 0.573 0.679 16.472 0.000
Uncertainty avoidance
High 34 8090 0.586 0.502 0.659 11.070 0.000 0.054 0.816
Low 56 17,482  0.598 0.532 0.656 13.946 0.000
Long-term orientation
High 44 13,485  0.617 0.544 0.681 12.818 0.000
4.063 0.044
Low 47 12,414  0.515 0.440 0.582 11.554 0.000

Note: k = number of studies; N = total sample size; r = weighted mean correlation; 95% CI LL and UL = lower
and upper bounds of the 95% confidence interval; z and p = test statistic and two-tailed significance level; Qp, and
p (Qp) = between-group heterogeneity statistic and its significance level. DT = digital transformation; SCR = supply
chain resilience. Mixed, NA, and undifferentiated categories were included in the overall synthesis but excluded
from subgroup comparisons.

Industry context also significantly differentiates the DT-SCR relationship. The associa-
tion is stronger in manufacturing industries (v = 0.643, p < 0.001) than in service industries
(r=0.507, p < 0.001), with a significant between-group difference (Q;, = 6.722, p = 0.010), sup-
porting H2c. As a supplementary analysis, we further examined variation across industry
subsectors. Significant positive associations were observed across all examined subsectors,
including food and beverage (r = 0.664, p = 0.002), healthcare services (r = 0.480, p < 0.001),
retail and wholesale (r = 0.557, p < 0.001), and textile and apparel (r = 0.663, p < 0.001). The

https:/ /doi.org/10.3390/systems14080917


https://doi.org/10.3390/systems14080917

Systems 2026, 14, 917

18 of 24

between-subsector difference was also significant (Q, = 12.311, p = 0.006). However, given
the small number of studies within several subsectors, these findings should be interpreted
as exploratory rather than as formal hypothesis tests.

Regional development level also significantly moderates the DT-SCR relationship.
Studies conducted in developing economies show a stronger association between DT and
SCR (r = 0.626, p < 0.001) than those conducted in developed economies (1 = 0.441, p < 0.001),
with a significant between-group difference (Qy = 6.323, p = 0.012). Thus, H2d is supported.

Finally, national cultural dimensions reveal heterogeneous patterns in the DT-SCR
relationship. Power distance significantly moderates the relationship, with a stronger asso-
ciation in high-power-distance contexts (r = 0.614, p < 0.001) than in low-power-distance
contexts (r = 0.436, p < 0.001; Qp, = 6.412, p = 0.011), supporting H2e. Individualism also
significantly moderates the relationship, with a stronger association in low-individualism
contexts (v = 0.629, p < 0.001) than in high-individualism contexts (r = 0.505, p < 0.001;
Qp =5.491, p = 0.019), supporting H2f. In contrast, uncertainty avoidance does not sig-
nificantly moderate the DT-SCR relationship (Q, = 0.054, p = 0.816); thus, H2g is not
supported. Long-term orientation significantly moderates the relationship, with a stronger
association in high-long-term-orientation contexts (r = 0.617, p < 0.001) than in low-long-
term-orientation contexts (r = 0.515, p < 0.001; Qp = 4.063, p = 0.044), supporting H2h.

4.3. Supply Chain Resilience and Firm Performance

Table 5 presents the meta-analytic results for the relationship between SCR and firm
performance. The overall results show that SCR is positively associated with firm perfor-
mance (r = 0.592, p < 0.001), supporting H3. We further examined whether the strength
of the SCR-performance relationship differs across performance dimensions. SCR is posi-
tively associated with operational performance (r = 0.606, p < 0.001), market performance
(r=10.730, p < 0.001), and financial performance (r = 0.450, p < 0.001). The between-group
comparisons show that the association between SCR and operational performance is signif-
icantly stronger than that between SCR and financial performance (Q;, = 4.532, p = 0.033).
Thus, H3a is supported. Similarly, the association between SCR and market performance
is significantly stronger than that between SCR and financial performance (Q, = 6.412,
p = 0.011), supporting H3b.

Table 5. Meta-analytic Results for the SCR-Performance Relationship.

Path

95% CI

k N r z P I? (%
LL UL Q (%)

SCR-performance

104 30,809 0592 0542 0.638 18.084  0.000 4383.333  97.650

SCR-operational performance 37 10,031  0.606 0.522 0.679 11.143  0.000 1410908 97.448

SCR-market performance 8 2044 0730 0554 0.844 5.955 0.000  339.051 97.935
SCR-financial performance 21 6320 0450 0314 0.567 5978 0.000  748.476  97.328
Between-group comparisons

Comparison Qp p

Operational vs. financial performance  4.532 0.033

Market vs. financial performance 6.412 0.011

Note: k = number of studies; N = total sample size; r = weighted mean correlation; 95% CI LL and UL = lower
and upper bounds of the 95% confidence interval; z and p = test statistic and two-tailed significance level;
Q = heterogeneity statistic; I> = percentage of total variation attributable to between-study heterogeneity; Q;, and
p = between-group heterogeneity statistic and its significance level. SCR = supply chain resilience. Overall or
undifferentiated performance measures were included in the overall SCR-performance estimate but excluded
from the performance-dimension subgroup comparisons.
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5. Conclusions and Discussion
5.1. Conclusions

This study systematically synthesizes the relationships among DT, SCR, and firm
performance. The meta-analytic results show that DT is positively associated with SCR,
with digital capabilities exhibiting a stronger association than digital technologies and
the association with reactive resilience being stronger than that with proactive resilience.
The DT-SCR association also varies across organizational, industry, regional, and cultural
conditions: stronger among SMEs than large firms, among mature firms than younger
firms, in manufacturing than service industries, in developing than developed economies,
and under higher power distance, greater collectivism, and stronger long-term orientation,
while uncertainty avoidance does not significantly moderate the relationship [25,46]. Fi-
nally, SCR is positively associated with firm performance, with stronger associations for
operational and market performance than for financial performance.

5.2. Theoretical Implications

This study offers several theoretical implications for research on DT, SCR, and firm
performance. First, the findings refine the conceptualization of DT by distinguishing
between digital technologies and digital capabilities. Prior research has often examined
digitalization through the adoption or use of particular technologies, which may obscure the
distinction between possessing digital resources and developing the organizational ability
to integrate and deploy them [70]. The stronger association of digital capabilities with SCR
suggests that these two dimensions should not be treated as theoretically equivalent and
qualifies technology-centric views that implicitly equate DT with technology adoption.
Understanding the resilience implications of DT therefore requires attention not only to
firms’ technological resource base but also to their capabilities for integrating, coordinating,
and deploying digital resources across organizational and supply chain processes [71-73].

Second, this study highlights the importance of distinguishing among dimensions of
SCR when theorizing the implications of DT. The stronger association of DT with reactive
than proactive resilience indicates that SCR should not be treated as a homogeneous
outcome [28]. This finding challenges aggregate treatments of SCR that implicitly assume
that digitalization is equally relevant across different resilience dimensions. Different
dimensions of resilience reflect distinct organizational requirements and may therefore be
associated with digitalization to different degrees [74]. Theoretical explanations of the DT-
SCR relationship should therefore specify which dimension of resilience is being examined
rather than assuming a uniform relationship across proactive and reactive resilience.

Third, the findings establish the context-dependent nature of the DT-SCR relationship.
The observed variation across organizational, industry, regional, and cultural conditions
indicates that the association between DT and SCR is not uniform across firms and environ-
ments [75]. These findings challenge context-free or universalistic interpretations of the
DT-SCR relationship and support a more contingent theoretical perspective that explicitly
accounts for heterogeneity across firms and environments. By integrating multiple levels
of boundary conditions within a common meta-analytic framework, this study provides
a more differentiated understanding of when and where DT is most strongly associated
with SCR.

Fourth, this study advances understanding of the performance implications of SCR by
distinguishing among operational, market, and financial outcomes. The positive association
between SCR and firm performance supports the view that resilience has consequences
beyond disruption management itself [62]. More importantly, the stronger associations with
operational and market performance than with financial performance qualify approaches
that treat firm performance as a homogeneous outcome and indicate that the value associ-
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ated with SCR is reflected unevenly across performance domains. Theoretical assessments
of the performance implications of SCR should therefore adopt a multidimensional view of
firm performance rather than relying primarily on financial outcomes.

5.3. Practical Implications

The findings offer several practical implications for managers seeking to strengthen
SCR through DT. First, firms should view digitalization as more than the adoption of
individual technologies. Because digital capabilities exhibit a stronger association with
SCR than digital technologies, managers should complement investments in digital tools
with efforts to integrate data and systems, coordinate digital resources across functions
and supply chain partners, and embed them into organizational routines and decision
processes [28,76]. The practical value of digitalization therefore depends not only on what
technologies firms adopt, but also on how effectively they integrate and deploy these
technologies in supply chain operations.

Second, managers should distinguish between proactive and reactive resilience when
designing digitalization initiatives. The stronger association between DT and reactive
resilience suggests that digital resources may be particularly relevant to real-time monitor-
ing, information processing, coordination, and operational adjustment during and after
disruptions [63]. Firms seeking to strengthen proactive resilience, however, should not
rely on digitalization alone. Digital tools for forecasting and early warning should be
complemented by broader organizational arrangements, such as contingency planning,
supplier diversification, redundancy, and sustained capability development. A balanced
resilience strategy should therefore combine digitalization with organizational and supply
chain arrangements suited to different stages of disruption management.

Third, digitalization strategies should be tailored to organizational, industry, re-
gional, and cultural conditions rather than applied uniformly across firms and environ-
ments [63,77]. The stronger DT-SCR associations observed among SMEs, mature firms,
manufacturing firms, firms in developing economies, and in contexts characterized by
higher power distance, greater collectivism, and stronger long-term orientation indicate that
the relevance of digitalization for resilience varies systematically across settings. Managers
should therefore consider firm characteristics, industry-specific operational requirements,
regional infrastructure and institutional conditions, and prevailing cultural norms when pri-
oritizing digital investments and designing resilience initiatives [77]. Rather than adopting
standardized digitalization strategies, firms should align the scope and implementation of
DT with the specific vulnerabilities, coordination requirements, and contextual conditions
they face.

Finally, firms should evaluate the returns to resilience investments using multiple
dimensions of performance rather than relying primarily on short-term financial out-
comes [62]. Because SCR is more strongly associated with operational and market per-
formance than with financial performance, managers should consider indicators such as
operational continuity, delivery reliability, flexibility, responsiveness, customer retention,
and competitive position when assessing the value of resilience-building initiatives. A
broader performance perspective can help firms better recognize the benefits of SCR that
may not be immediately reflected in accounting or financial measures.

5.4. Limitations and Future Research

This study has several limitations that also suggest directions for future research. First,
research on DT is developing rapidly [24], while systematic reviews and meta-analyses
necessarily rely on published empirical evidence and may therefore lag behind technologi-
cal developments. Emerging technologies and paradigms, including generative Al, digital
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twins, and Industry 5.0, are evolving faster than the accumulation of empirical studies
needed for quantitative synthesis [8]. As the evidence base expands, future research could
periodically update the meta-analytic evidence and examine whether the relationships
identified in this study remain stable as new digital technologies and forms of digital
transformation become more widely adopted.

Second, the conceptualization and measurement of SCR remain heterogeneous across
primary studies. Although this study distinguishes between proactive and reactive re-
silience, individual studies operationalize resilience through different combinations of
preparedness, response, recovery, adaptation, flexibility, and related dimensions. Such vari-
ation may limit the comparability of effect sizes and obscure more fine-grained differences
among resilience capabilities [74]. Future research should further clarify the conceptual
boundaries among different dimensions of SCR, develop more consistent measurement
approaches, and examine how specific dimensions of resilience are associated with different
forms of DT.

Third, the available evidence requires some aggregation across industries, regions, and
institutional settings. Although the moderator analyses capture broad differences across
industry, regional, and national cultural contexts, such categories may conceal meaningful
heterogeneity within specific sectors, countries, and institutional environments [78]. Future
research could examine the DT-SCR relationship at a finer level of analysis, including
comparisons across manufacturing subsectors, regulated and non-regulated industries, and
specific national or regional contexts. More fine-grained and comparative evidence would
help clarify how technological, operational, and institutional conditions jointly shape the
relationship between DT and SCR.
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