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Abstract—The dynamism of the current business environment
emanates significant challenges and disruption risks for supply
chains. These vulnerabilities in contemporary supply chains have
motivated a substantial academic focus on supply chain risk man-
agement (SCRM). In the empirical literature on SCRM, a firm’s
external environment is conceptualized as a source of risk, and
various organizational and technological factors are discussed as
influencers of SCRM. However, the factors studied in the litera-
ture are generally narrow and analyzed in isolation, which has
resulted in a fragmented and inconsistent understanding of the
role of organizational and technological setups in SCRM. This
study offers a systematic understanding of the antecedents and
consequences of effective SCRM by investigating the associations
between a manufacturer’s environmental, organizational, and tech-
nological contexts, SCRM, and agility. The study employs the
information processing view as the primary theoretical lens and
relies on large-scale multi-industry and multicountry survey data
for empirical analysis. In contrast to the threat-rigidity thesis, the
findings of this study suggest that manufacturers seek collaborative
and flexible work settings to respond to environmental challenges.
Besides increasing efficiency, such organizational settings and en-
hanced technological setups can increase information processing
capability to enable SCRM and agility. These findings challenge
the suggestions that initiatives taken for efficiency can increase the
risk factor and deteriorate performance. The study provides novel
insights into the underlying information processing mechanisms
for effective SCRM and highlights the importance of organizational
and technological setups in enhancing these core mechanisms.

Index Terms—Agility, business environment, information
processing, organizational context, risk management, technological
context.
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I. INTRODUCTION

MANUFACTURERS in contemporary supply chains are
exposed to challenging environments in which technolo-

gies change rapidly, competition is extensive, and pressures for
cost reduction and innovation are high. To deal with some of the
challenges, manufacturers pursue strategies like lean operations
and just-in-time (JIT) production, which, on their own, are
difficult to apply and manage [1], [2]. Under environmental
challenges and, consequently, complex strategies, manufactur-
ers are prone to significant disruption risks [3]. The challenges
and complexities hamper predictability and the manufacturers’
ability to manage undesirable events in supply chains [4], which
can lead to adverse consequences on a wide scale [5]. The year
2000 fire at the Philips semiconductor plant, the 2002 bankruptcy
of a critical supplier of Land Rover, the 2011 Japan tsunami,
and the 2012 fire at a garment factory in Bangladesh are widely
reported disruption instances that had crippling effects on the
impacted supply chains. A recent global survey by Deloitte [6]
found that more than 80% of the participating organizations
experienced disruptions in the recent past. In comparison, only
1% was optimized to address important risk management issues.
The same report highlighted the positive role of collaborative
organizational structures and technology in supply chain risk
management (SCRM). Similarly, a special report by McKinsey
[7] stated that the companies that successfully navigated through
the COVID-19 crisis were the ones that invested in technology
and people to enable agility.

In supply chain management literature, risk management is
identified as a growing research stream [8]. Although there have
been several attempts to investigate the measures for effective
SCRM empirically, the need for further research is significant
[5]. Specifically, while the literature has extensively focused
on the capabilities and strategies of SCRM, comparatively less
is known about the factors or antecedents that enable these
capabilities and strategies [9]. Understanding the enablers can
ensure the successful development and deployment of SCRM
strategies to control firm performance. For example, integration
has been argued as an effective SCRM strategy [2], [5] while
integration itself relies on social and technical factors [10].

The empirical literature on SCRM suggests various environ-
mental, organizational, and, more recently, technological factors
as influencers of risk and its management. The environment
has been generally studied as a context emanating uncertainty
and risks [1], [11], [12]. In the organizational context, authors
have studied the impact of factors such as human capital [13],
learning orientation [14], culture [15], management control
system [16], resource reconfiguration ability [17], integration
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and collaboration [2], [5], and lean practices [12]. On the
rather limited technological side, the impact of Industry 4.0
technologies [18], data analytical capabilities [19], and artificial
intelligence [20] have been studied. Although the studies mostly
suggest a positive impact of the analyzed organizational and
technological initiatives on risk management and performance,
opposing arguments can also be found. For example, it is argued
that integrative settings can increase risk exposure and reduce
flexibility [21], [22], lean practices can increase fragility against
disruptions [12], and induction of manufacturing technologies
can increase complexity and risk [23].

Besides providing an inconsistent understanding, the
empirical studies on SCRM do not generally conceptualize
the organizational and technological factors as simultaneous
enablers of SCRM. The exceptions include [13], [19], [24].
Adopting the theory-building approach with case studies,
Blackhurst et al. [13] propose a conceptual framework linking
resilience with human and physical resources. They suggest
future research to focus on the empirical generalization
of the role of resilience enhancers (physical and human
capital) and resilience reducers (environmental factors). Dubey
et al. [24], focusing on the Indian context, study the role of
connectivity infrastructure and the nature of supply chain
relationships in resilience. More recently, again based on an
Indian survey, Dubey et al. [19] investigate the role of data
analytics and organizational reconfiguration ability in dealing
with disruptions. It is also notable that the extant studies consider
narrow organizational factors and specialized technologies,
which can be linked with organizational and technological
contexts but do not define the broader nature of these contexts.

The empirical literature on SCRM while indicating the role
of different factors in dealing with supply chain risks provides a
fragmented understanding of the antecedents of SCRM. Regard-
ing the consequences, the literature has widely recognized agility
performance, i.e., delivering the desired outcome, regardless
of undesired events [25], as an anticipated outcome of SCRM
and a necessity for firms facing supply chain risks [26], [27].
We argue that understanding the antecedents and performance
consequences of effective SCRM merits a more broad-based
investigation by explicitly considering the technological and
organizational contexts of a manufacturer in relation to the
external factors posing risks. An analysis of how these contexts
and their interplay influence SCRM and agility performance can
unveil the overall dynamics for effective SCRM beyond building
excess or slack resources—a standard and costly approach for
SCRM [1]. With this objective, our study seeks to answer the
following questions based on cross-industry and multicountry
survey data from 325 manufacturers:

RQ-1: Does a challenging environment drive enhancements in a
manufacturer’s organizational and technological contexts?

RQ-2: Do enhanced organizational and technological contexts of a
manufacturer improve its SCRM effectiveness and agility?

We relate environmental challenges to the volatility and com-
petitiveness of the landscape in which the manufacturer func-
tions. The organizational context is defined as the extent to which
the organizational setup is conducive, considering the level
of decentralization, flexibility, and collaborative climate. The

Fig. 1. ITP and the contexts.

technological context is characterized by the extent of the imple-
mentation of tools and technologies for communication and in-
formation integration across production phases and departments.

This study employs the information processing theory
(IPT) and adopts elements of the technology–organization–
environment (TOE) framework to conceptualize the relation-
ships between the contextual aspects of a manufacturer, the
effectiveness of SCRM, and agility performance. The TOE
framework explains technology, organization, and environment
as three different but connected elements in a firm’s context.
Widely used to explain innovation adoption, the framework is
highly flexible in accommodating various factors [28]. Arguing
that TOE elements can also help understand the enablers of
SCRM, we use the TOE framework and IPT to synthesize an
empirical model for analyzing the aforementioned relationships.
IPT explains the role of organizational and technological struc-
tures in building information processing capabilities and the role
of these capabilities in dealing with environmental uncertainties
[29]. Risk being a product of uncertainty [8] and SCRM being an
information-intensive process [2], IPT can explain why a chal-
lenging environment may require technology deployment and
conducive organizational design for effective SCRM and agility.

II. THEORY AND HYPOTHESES DEVELOPMENT

A. ITP and TOE Contexts

Introduced by Galbraith [29], IPT views organizations as
primarily information processing systems and posits that in-
formation availability and its use have a positive link with
performance [11], [15]. The theory suggests that organizations
seek the best arrangement of their work units to enable the
effective collection, processing, and distribution of information
[15], [29], [30]. Consequently, organizations can enhance their
information processing capabilities and information flow to deal
with uncertainties [30].

The TOE framework, which has generally been used in tech-
nology and innovation literature, describes three contexts of a
firm. The environmental context includes factors related to the
changes and competitiveness of the market, the technological
context relates to the current level of technology implementation
by the firm, and the organizational context relates to the firm’s
organizational design and behavior. Although generic and rather
unevolved, the framework provides opportunities for theoretical
synthesis and extensions [28]. Gilani et al. [31] show that a
theoretical synthesis can extend and enrich the TOE framework
by including facets of organizational performance. We argue
that IPT implicitly captures and links TOE contexts (see Fig. 1).
IPT explains the role of information processing capabilities,
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which can be enhanced by adopting appropriate organizational
structures and technologies (organizational and technological
contexts) in dealing with the uncertainties of the environment.

IPT suggests that a challenging environment gives rise to
uncertainty [32], [33], creating an increased need for information
[29]. To deal with this, firms can either deploy the “mechanis-
tic” organizational approach to lower their information need or
increase their capacity to process information. The mechanis-
tic approach uses labor division and centralization to manage
interrelated work. It is a hierarchical approach in which em-
ployees refer to “exception scenarios” to managers for resolu-
tions. The drawback of this approach is that a large number
of resolution requests, due to high uncertainty, can overwhelm
managers. Alternatively, a firm can create self-contained tasks
or develop a collaborative environment with lateral relations, in
which different functional units, e.g., procurement, production,
marketing, and logistics, jointly plan and execute an assignment.
Another way to avoid mechanistic mechanisms is to deploy
vertical and integrated information systems to enhance infor-
mation processing capacity. These systems can allow efficient
and intelligent processing of information while performing a
task and enable efficient and rapid planning [29].

Supply chain and operations management scholars have
widely applied the information processing view as a theoretical
basis [2]. Fan et al. [11], [15] note that despite the merits of ap-
plying IPT to study uncertainty and risk, only a few authors have
used the information processing lens in SCRM research. Sim-
ilarly, despite making explicit references to the environmental,
organizational, and technological factors, IPT has not been used
to conceptualize these broader contexts of an organization in an
empirical study. IPT provides a strong underpinning for connect-
ing the contexts with SCRM and organizational performance.

B. Supply Chain Risk Management

Although there is no broadly accepted conceptualization of
risk, on the fundamental level, the term “risk” has been linked to
the uncertainty dimension of events with negative consequences
on objectives [8]. In supply chain management literature, the
terms “risks,” “vulnerabilities,” and “disruption possibilities”
have been used interchangeably [34] and are connected to the
dynamism, complexity, and unpredictability of the business
environment [2], [35]. Supply chain risk can be defined as
the extent to which supply chain outcomes are variable or
susceptible to disruption and, thus, may be detrimental to the
supply chain [36]. More specifically, supply chain risks are
associated with probable events that disrupt the firm’s key supply
sources, internal operations, and delivery means [5], resulting in
a deviation from objectives and deterioration of value addition
[34]. Several studies have exclusively focused on the classifica-
tion of risk sources. For example, Ritchie and Marshall [37]
identify environmental, industrial, and organizational factors
as the primary sources of risks. Rao and Goldsby [38] offer
a more comprehensive framework by adding problem-specific
and decision-maker sources of supply chain risks.

The management of supply chain risks has also been viewed
from different standpoints. One of the views captures SCRM as a
process aimed at identifying, assessing, treating, and monitoring
supply chain risks based on a set of capabilities and strategies
[39]. Broadly, the goal of SCRM is to build and maintain

Fig. 2. Hypothesized model. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001 (EC:
Environmental context; OC: Organizational context; TC: Technological context;
SCRM: Supply chain risk management; AP: Agility performance.).

resilience in a supply chain [16], [40] by deploying measures
that can prevent disruptions or minimize their undesirable ef-
fects [36]. Speier et al. [36] conceptualize SCRM as activities
in four interconnected stages. They suggest that organizations
capable of appropriately preventing, detecting, responding to,
and recovering from a disruptive incident within the supply
chain create resilience. Prevention is based on acknowledging
that undesirable events can occur in the supply chain and averting
the actions that can lead to these events. Detection is the ability
to recognize an incident ideally before it does any harm. On the
other hand, response and recovery are reactive stages that involve
short- and long-term efforts, respectively, to bring the necessary
services and systems back on track and restore the supply chain.
In this study, similar to [2], [34], [36], SCRM effectiveness
is gauged based on the level of prevention and detection of,
response to, and recovery from supply chain disruptions.

The literature points to organizational and technological fac-
tors as enhancers of SCRM. The organizational domain has
received a significant focus. The reported organizational factors
that contribute to SCRM include a conducive work environment,
continuous improvement [34], people involvement, deliberation
[8], organizational (internal) integration, and inclusive decision-
making [41]. The role of technological factors in SCRM has
received less attention. While highlighting the scarcity of work in
this area and the need for better understanding, Ivanov et al. [23]
presented a conceptual framework describing the relationship
between various technologies and supply chain risks.

We capture both organizational and technological facets of
a manufacturer’s contexts and analyze their link with SCRM
effectiveness (see Fig. 2) to understand how organizations can
be strengthened against the risks posed by a challenging envi-
ronment. We analyze agility performance rather than the finan-
cial consequences of effective SCRM because implementing
risk management practices often escalates costs [42]. SCRM
may, however, indirectly influence financial performance by
providing flexibility [43]. Being responsive to market needs
can be considered a necessity for manufacturers in an uncertain
environment [26], hence a more immediate objective.

C. Agility Performance

The literature on supply chain management has conceptual-
ized agility as a paradigm, strategy, capability, and performance
[5]. Researchers have also mixed these dimensions in opera-
tionalizing agility [44]. This research conceptualizes agility as
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performance, which is appropriate considering that the inclina-
tion of an organization to perform on agility metrics is linked
to environmental challenges [27]. Authors have argued that
environmental uncertainty motivates organizations to compete
on agility [14]. Positive outcomes on agility metrics signify
success in an unstable and dynamic environment [25].

As a performance, agility is related to efficiency and respon-
siveness in terms of product customization, product develop-
ment, changeovers, and operation scale [44], [45]. Studies have
also linked agility performance to output quality [44]. This study
refers to agility performance as a mix of performance metrics
related to organizational responsiveness to the design, quality,
and delivery needs of the market [25], [44].

D. Linking Technological, Organizational, and Environmental
Contexts

The three contexts in the TOE framework have primarily been
considered independent. Gillani et al. [31] and Oliveira et al. [46]
diverge from the general conceptualization of the framework by
suggesting a sequential rather than simultaneous impact of the
contexts. This study also argues for interdependence between
the contexts and posits an influence of the external environment
on a firm’s technological and organizational contexts.

The environmental context, representing the external pres-
sures faced by a firm [47], can be defined by competitive
rivalry, product substitution threat, technological dynamism, and
customer power [48]. These factors have also been labeled as
sources of industrial risks [38]. Firms need to devise strategies
and organizational practices that align with the external environ-
ment [33], [49]. A challenging or volatile environment requires
organizational practices that can handle unexpected changes
[32]. These practices can include decentralization, employee
empowerment, flexibility, coordination, collaboration, and im-
provement, which are closely linked to lean and JIT principles
and allow timely decisions [50]. Flexibility in organizational
structures allows employees to be more versatile and better
equipped to deal with changes in the environment [51]. IPT
presents a similar argument by suggesting that firms can increase
their information processing capacities through collaborative
settings and lateral relations to deal with environmental un-
certainties. An enhanced information processing capability can
make mechanistic organizational means redundant and hence
avoid overwhelming management in highly uncertain situations.
Characterizing a manufacturer’s organizational context by the
extent of flexible and collaborative organizational practices and
structure [31], [50], [51], our first hypothesis is as follows:

H1: A challenging environmental context positively impacts the
organizational context of a manufacturer.

Besides work practices, an uncertain and competitive business
environment requires firms to enhance their technological base
to achieve efficiency and remain competitive [52]. Evolving
customer demand and technological advancements cause firms
to upgrade technologically to meet production requirements
[53]. Information and communication technologies facilitate
uninterrupted information exchange in organizations [51], en-
suring the distribution of essential information across hierar-
chies and departments for effective decision-making to deal
with environmental dynamics [54]. IPT supports this argument
by suggesting that the exhaustion of mechanistic measures in

uncertain situations can be avoided by developing vertical and
integrated information systems to enhance information pro-
cessing capacity. These systems enable organizations to pro-
cess information efficiently and intelligently while performing
tasks, thereby allowing rapid and efficient creation, adjustment,
and deployment of plans. Defining the technological context
as the extent to which a manufacturer implements tools and
technologies for communication purposes and the integration of
information and knowledge in its production processes [31], we
hypothesize the following:

H2: A challenging environmental context positively impacts the
technological context of a manufacturer.

H1 and H2 are also supported by the dynamic capabilities
view (DCV), which suggests that firms operating in a dynamic
environment need to develop capabilities to manage uncertain-
ties [5] and stay competitive [55]. A competing argument, mainly
against H1, can be found in the threat-rigidity thesis, suggesting a
restriction of information processing and constriction in control
under a threatening environment [56]. The thesis argues that
an organization’s decision-making becomes more conservative,
centralized, and inflexible in high-risk situations [12] to enhance
the control of an organization’s actions [56]. However, whether
a threatening environment causes rigidity or flexibility has re-
mained an unresolved question [57]. Both competing viewpoints
have conceptual and empirical support [12], [57].

E. Contexts and SCRM

Risks in supply chains arise from uncertainty or a lack of
information on supply chain activities [8]. Information sharing,
which enhances supply chain visibility [58] and reduces uncer-
tainty [59], is a primary requirement for achieving the goal of
SCRM to build and maintain resilience against disruptions [15],
[40]. Evidence and knowledge around the disruption phenomena
form the foundation for risk decision-making [8]. Therefore, the
conditions that support information sharing and flow, for exam-
ple, collaboration [60] and integration [61], should facilitate risk
management [15]. As argued in Section II-D, conducive work
settings and technologies for communication and integration
enable information flow. Hence, these factors in a firm’s context
should also facilitate SCRM.

In supply chains, information distribution to partners is essen-
tial for a shared understanding [62]. Information acquired from
the demand side needs to be distributed on the supply side to bind
the supply chain together [63]. However, information exchange
with customers and suppliers is only possible when the firm can
robustly coordinate and exchange information internally [64].
For this, lean structures, autonomy, decentralization, and coor-
dination play a positive role [50]. A highly hierarchical structure
can create silo-based risk management processes, which can
negatively impact the overall effectiveness of risk management
[65].

Information dissemination with employee autonomy and lean
practices enables responsive resolution of issues [66] while
inclusiveness and collaboration alleviate circumstances such
as disputes that aggravate risks [41] and ensure robust plan-
ning [51], [64]. Considering that a better organizational context
reduces both impact and probability of disruptions [34], we
hypothesize the following:
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H3: An enhanced organizational context is positively associated with
SCRM effectiveness.

In the technological context, manufacturing and communi-
cation technologies allow accurate and efficient information
exchange among functional departments and facilitate internal
integration [31]. Similarly, the assimilation of technologies en-
ables external integration by leveraging the seamless exchange
of data and information between the manufacturer and its part-
ners [67]. Manufacturing and communication technologies also
enable the implementation of more advanced technologies [31],
[68], such as track and trace, radio-frequency identification, and
3-D printing [31], which can further reduce risks [23]. For exam-
ple, track and trace systems can lower supply risks by providing
real-time coordination when implementing contingency policies
[23]. This leads us to hypothesize the following:

H4: An enhanced technological context is positively associated with
SCRM effectiveness.

IPT supports the propositions in H3 and H4 by signifying
the role of initiatives such as the set-up of internal coordination
mechanisms (organizational context) and investments in suitable
information systems (technological context) in mitigating the
effects of uncertainty or risks. An alignment between a flexible
organization structure and a procedural implantation of infor-
mation sharing through technology can increase the fit between
information processing capabilities and requirements imposed
by uncertainty [9]. This fit is positively linked with SCRM
capabilities [2], [9].

F. SCRM and Agility Performance

The extant literature acknowledges the positive influence of
SCRM on operational performance in multiple ways, for exam-
ple, by mitigating uncertainty [15], preventing disruptions [35],
increasing responsiveness [69], lowering errors and failures [15],
and allowing an appropriate reaction to the external environment
[2]. Much of this coincides with agility performance. From the
information processing viewpoint, SCRM relies on gathering
and processing various forms of supply chain information, in-
cluding information on logistics, inventory, quantity, quality,
market, and technology [2]. This information can enable suc-
cessful product development and modifications [70], production
and delivery reliability [61], forecast improvement [71], and
responsiveness toward volume and mix variations [61]. As such,
high information exchange and coordination with supply chain
partners are based on a greater appreciation of mutual interests
[72]. This appreciation leads to more focused efforts in respond-
ing to market needs [61], which is essentially what the agility
performance metrics gauge. Hence, by linking SCRM with the
information processing capability, we expect the following:

H5: SCRM effectiveness is positively associated with agility perfor-
mance.

G. Mediation Effects

The view of organizations as information processing entities
links uncertainty, information flow, and organizational perfor-
mance (see Fig. 1). Uncertainty in this perspective implies the
gap between the information required and the information pos-
sessed to operate [29]. We have discussed the role of conducive

TABLE I
SAMPLE DEMOGRAPHICS

organizational settings and technological bases in building in-
formation processing capacity and filling the information gap
in an uncertain and challenging environment. The information
processing view is congruent with the understanding that be-
cause a challenging business environment increases uncertainty
and supply chain risks [8], [35], the management of risks can be
facilitated by improved information flow through better organi-
zational and technological contexts. Considering the arguments
for H1–H4, we hypothesize the following mediations:

H6: An enhanced organizational context mediates the relationship
between environmental context and SCRM effectiveness.

H7: An enhanced technological context mediates the relationship
between environmental context and SCRM effectiveness.

We have also argued that environmental challenges neces-
sitate appropriate organizational and technological contexts to
improve SCRM effectiveness (H3 and H4) and, consequently,
agility performance (H5). Hence, our final set of hypotheses is
as follows:

H8: SCRM effectiveness mediates the relationship between organi-
zational context and agility performance.

H9: SCRM effectiveness mediates the relationship between techno-
logical context and agility performance.

III. METHOD

Data from the most recent edition of the International Man-
ufacturing Strategy Survey (IMSS VI) was used to validate
the hypothesized model. The survey was developed by a large
academic research group to measure the performance of manu-
facturing firms along with their strategies and practices. IMSS
focuses on manufacturing firms in various industries such as
machinery, electronics, metal production, transport equipment,
and the motor vehicle industry that belong to ISIC codes 25 to 30.

In the current edition, 7167 firms were selected across the
globe, and a total of 931 surveys were collected from 22 coun-
tries. To serve the purpose of our research questions, we filtered
the data of firms operating with a single plant. After filtering,
a total of 325 usable responses were screened (see Table I).
The original questionnaire was produced in English and then
translated by national researchers in countries where English
was not the first language. The managers’ active involvement
ensured the instrument’s relevance and content validity. Data
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were collected from all the surveyed countries by deploying
a standard methodology. The respondents were the employ-
ees connected to the operations decisions of the organization
(operations managers, supply chain managers, plant managers,
etc.). Potential respondents were contacted through the local
research team of the country, and questionnaires were sent to
the organizations through fax, email, or ordinary mail.

IMSS questionnaire was based on a self-respondent and
self-reported survey that can lead to the common method bias
and hinder the validity of the analysis [73]. This issue was
countered through some procedural measures. First, the IMSS
questionnaire had built-in features to minimize common method
bias [74]. The items used to measure the constructs were clubbed
into different questionnaire sections. The constructs in our study
included varying numbers of items (ranging from 2 to 6) and
were measured by different scales of comparisons and levels
of implementation [75]. Second, the data collection process of
IMSS helped control for common method bias. The respondent’s
anonymity was ensured in data collection, which encouraged
the respondent to complete the questionnaire objectively [76].
Third, we used the respondent’s tenure as a variance marker
variable, measured on a single-item scale [43], [74]. The respon-
dent’s tenure as a measure of experience and work length was
theoretically unrelated to other constructs in this study. The in-
significant correlations between marker variables and other con-
structs indicated the absence of common method bias [73], [74].

A. Measures

The constructs used in the study were measured as reflective
constructs using multiple items from the IMSS survey except
for the environmental context, which was operationalized as
a composite indicator. The environmental context was opera-
tionalized by the rate of technological change, bargaining power
of customers, competitive rivalry, and the threat of substitute
products [48], [52]. These indicators collectively affect or shape
the environmental context [77]. Constructs used in this study
are summarized in Appendix. Firm size and industry types were
controlled to ensure contextual validity; both may affect the
firm’s behavior toward risk management and performance [5].
We operationalized firm size as a logarithmic value of the total
number of employees in the business unit. Considering that a
firm’s risk exposure depends on the type of industry [38], ISIC
code classification was used to operationalize industry type as a
categorical variable [5].

B. Measurement Model Testing

The validities and reliabilities of the constructs were examined
using a measurement model, followed by structural model test-
ing [78]. We conducted confirmatory factor analysis (CFA) of
all constructs. The result provided a good fitting model (χ2

(175)

= 290.308, CMIN/df= 1.659, GFI= 0.918, AGFI= 0.892, CFI
= 0.961, RMSEA = 0.045, SRMR = 0.048). All the values of
fit indices were within the acceptable range [79]. The Appendix
shows measurement model analysis results. Agility performance
was measured as second-order constructs, requiring an exami-
nation for appropriateness [80]. First, the hypothesized model
was compared with the model in which agility performance
was operationalized as multiple first-order constructs (quality,
design, delivery, and flexibility). Fit indices of the model with

TABLE II
RESULTS OF CORRELATION ANALYSIS

Fig. 3. Hypothesis testing results—Standard path coefficients (standard
errors).

first-order operationalization of agility performance (χ2
(161) =

450.243, CMIN/df = 2.654, GFI = 0.785, AGFI = 0.723, CFI
= 0.823, RMSEA = 0.060, SRMR = 0.061) were inferior to
the original hypothesized model; thus, it was appropriate to
operationalize agility performance as second-order constructs.
Additionally, factor loadings of all first-order constructs on
their second-order constructs were significant (p-value < 0.01),
thus supporting the appropriateness of agility performance as
second-order constructs.

Standardized item loadings in all constructs were above the
desired limit (0.60) [81]. Likewise, the values for Cronbach’s
alpha for all constructs were higher than 0.60, thus satisfying
internal consistency and construct reliability [82]. The AVE of
all variables was higher than 0.50 (except for organizational con-
text, AVE = 0.416), thus satisfying the condition of convergent
validity [83]. We checked discriminant validity by comparing
the square roots of AVE for each construct and off-diagonal
correlation measures in Table II. The greater value of the square
roots of AVE from off-diagonal correlation measures supports
discriminant validity [84]. In addition, we tested for discriminant
validity by comparing chi-square values of constrained and un-
constrained models. In the unconstrained model, the correlation
between each pair of constructs was set equal to 1. The values
of chi-square difference were significant (p-value < 0.05) in
each pair of constrained and unconstrained models, thus giving
additional evidence of discriminant validity [85].

C. Hypothesis Testing

The hypothesized model was tested using SEM with maxi-
mum likelihood estimation in AMOS version 22. The fit indices
revealed a good fitting model (χ2

(174) = 272.561, CMIN/df =
1.566, GFI = 0.925, AGFI = 0.900, CFI = 0.967, RMSEA =
0.042, SRMR = 0.039).

As shown in Fig. 3, there was a positive relationship between
environmental and organizational contexts (H1: β = 0.202,
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TABLE III
BOOTSTRAP RESULTS FOR DIRECT, INDIRECT, AND TOTAL EFFECTS

p-value< 0.001), and environmental and technological contexts
(H2: β = 0.237, p-value < 0.01). Organizational and technolog-
ical contexts significantly affected SCRM. The higher the tech-
nology implementation level was, the higher the effectiveness of
SCRM was found (H4: β = 0.398, p-value < 0.001). Similarly,
the more conducive the organizational context was, the higher
the effectiveness of SCRM was found (H3: β = 0.351, p-value
< 0.001). Furthermore, SCRM had a significantly positive effect
on agility performance (H5: β = 0.245, p-value < 0.001). The
results provided support for all direct hypotheses.

1) Mediation Effects: We tested for mediation effects to in-
vestigate further the relationships between the constructs in our
hypothesized model. The three most commonly used media-
tion detection methods are user-defined estimand, Sobel test,
and phantom variable-based approach [86]. We employed a
bootstrapping-based user-defined estimand approach. It is con-
sidered more robust than normality assumptions, appropriate
for maintaining reasonable type I error in large samples, and
convenient to apply in SEM [87].

Bootstrapping is a non-parametric statistical procedure in which
the data set is repeatedly sampled, and indirect effects are calcu-
lated. These indirect effects are then tested for significance using
confidence intervals. If indirect effects are significant, mediation is
inferred in the model. [17]

Bootstrapping was preferred over the Sobel test or other
methods of mediating testing because of its robustness and mul-
tiple iterations executed on the sample [88]. The bias-corrected
bootstrapping procedure was used with 5000 resamples to assess
the size and significance of indirect effects. Apart from p-value
< 0.05, a nonzero value of upper and lower confidence intervals
indicated the significance of indirect effects.

Table III shows that organizational and technological contexts
fully mediated the relationship between environmental context
and SCRM (H6 and H7, respectively). This mediation suggests
that firms employed technological and organizational factors to
enhance their risk management capabilities under a challenging
environment. The test also revealed a partial mediation of SCRM
between organizational context and agility, and a full mediation
of SCRM between technological context and agility.

2) Robustness Check: We followed the approach used by
Gillani et al. [31] to test the empirical robustness of the hy-
pothesized model. We segregated the sample into three groups,
i.e., small (≤250 employees) versus medium/large firms (>250
employees), developed versus underdeveloped countries, and
Asian/South American firms versus European/North American
firms. As shown in Table IV, all hypotheses remain significant
across different firm sizes, developing versus developed coun-
tries, and different regions, except for H8. For medium/large
firms, developing country context, and firms from Asian and
South American regions, the mediating role of SCRM in the
organizational context and agility performance relationship was
insignificant. One possible reason for this could be that in

TABLE IV
CONTEXTUAL ANALYSIS OF HYPOTHESIZED MODEL

small firms and developing country context, the sophistication
of SCRM practices was low [89].

Although we have relied on strong theoretical arguments to
support the suggested causalities between the constructs of the
TOE framework, an empirical analysis was imperative to ensure
the validity of the path analysis of the hypothesized model
and the absence of reverse causalities. We have argued that
changes in the environmental context will lead manufacturers
to enhance their technological context in terms of new product
development, improved communication technologies, and the
deployment of technological tools and techniques [31]. Simi-
larly, environmental challenges will trigger strategic changes in
the organizational context, such as delegation, open communi-
cation, flexible and fluid structures, and greater autonomy for
the work teams [60]. On the contrary, it may be argued that
firms’ technological and organizational readiness is imperative
in challenging environments, i.e., firms with more robust techno-
logical and organizational capabilities will be in a better position
to cope with environmental uncertainties. To check for this issue
of reverse causality, we conducted Durbin–Wu–Hausman aug-
mented regression suggested by Davidson and Mackinnon [90]
and deployed by various studies [2], [91]. We used supply chain
uncertainty as an instrumental variable as it is correlated with
environmental context [92] but not with organizational and tech-
nological contexts. Supply chain uncertainty was measured on
a three-item scale focusing on fluctuations in demand, frequent
changes in supply requirements, and frequent modifications in
the supplied components [93]. We conducted a stage 1 regression
analysis with environmental context as a dependent variable and
predicted the residual of the stage 1 model. In the stage 2 model,
we include the residual with technological and organizational
contexts as dependent variables. The beta-coefficients of the
residual in the second stage were insignificant for technological
(β= 0.0169, p> 0.05) and organizational contexts (β= 0.0189,
p > 0.05). These results indicated that the bias of reverse
causality was not a serious issue.

IV. DISCUSSION

Integrating the elements of IPT and the TOE framework, this
study conceptualizes SCRM as a capability that leads to agility
while being underpinned by organizational and technological
contexts. The investigation focuses on the proposition that en-
hancing organizational and technological contexts in response
to a challenging environment improves SCRM effectiveness and
agility (see Figs. 1 and 2). The support for this proposition is
found through broad-based empirical data and serves to synthe-
size the currently fragmented and inconsistent understanding
of the organizational and technological antecedents of SCRM.
Sections IV-A–IV-C discuss the findings and conceptualization
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in relation to the earlier studies, and Section IV-D highlights the
managerial implications.

A. Impact of Environmental Context on Organizational and
Technological Contexts

Organizations’ response to external threats is a highly delib-
erated and unresolved subject in the literature with two contra-
dicting views. One of the views suggests that external threats
increase the organizational tendency to change, decentralize,
and become flexible [32], [50], [51]. The threat-rigidity thesis,
on the contrary, posits that organizations become inflexible,
conventional, and restrictive in communication when faced with
external threats. Although both views have been widely dis-
cussed in the literature [12], the arguments are surprisingly
underdeveloped empirically [57]. The findings in this article
indicate a positive association between the environmental chal-
lenge and the extent of flexibility, collaboration, and integrative
and communication technology use in organizations. Backed
by IPT and DCV, these findings align with the view suggesting
greater flexibility and freer communication flow through en-
hanced organizational and technological contexts in response
to external challenges [5], [11]—the dominant view in the
scholarship [57]. Employing IPT and the TOE framework, this
study also provides a distinct viewpoint to understand the associ-
ation between environment and technology adoption, which has
been predominantly captured through combinatorial technology
evolution theory [31].

B. Contextual Aspects in the Information Processing View of
SCRM

SCRM has been viewed as a dynamic capability for driving
firm performance [94] and an information-intensive process
that is highly reliant on the timely acquisition and utilization
of relevant information [2], [11], [15]. Our study extends the
information processing viewpoint of SCRM by suggesting
a positive role of organizational and technological contexts
in information availability, information processing, and,
consequently, in the effectiveness of SCRM. Although previous
studies have explored the link between information-related
practices and SCRM [95], holistic information processes and
the baseline infrastructure required for information processing
capability have not received much attention. The extant studies
mainly argue a positive role of supply chain integration in
facilitating information acquisition and utilization for managing
risks. For example, Kauppi et al. [1], Munir et al. [2], and
Shou et al. [43] suggest a positive role of internal and external
integration in the acquisition and processing of information and,
thus, in supporting SCRM and improving performance. Jat et al.
[95] suggest a positive role of lateral relations with customers
in enhancing information processing capability and SCRM. Fan
et al. [15] investigate different organizational factors in relation
to the risk information processing system but the factors they
study are specific to SCRM culture, team, and strategy. We
contribute to SCRM literature and IPT by explicitly considering
organizational and technological contexts and arguing in support
of their underlying role in bridging the information gap to handle
uncertainty and risks. Our study, on a more fundamental level,
complements the earlier empirical works that positively link
integration and SCRM through the information processing
lens [2], [43]. Integration can be considered a socio-technical

phenomenon resulting from the interplay of a range of factors,
including technical aspects and soft elements belonging to the
organization and employees of a firm [10].

C. Impact of Organizational and Technological Contexts on
SCRM and Agility

Supply chains’ ability to cope with risks has been conceptu-
ally linked to both organizational (human) and physical (tech-
nological) resources with a call for empirical validation [13],
[23]. Analyzing the impact of organizational and technological
contexts on SCRM based on a global and cross-industry survey,
our study provides an empirical generalization of the role of
human and physical enhancers of SCRM.

In broader SCRM literature, studies have provided somewhat
mixed arguments regarding the relationship between organiza-
tional factors and performance. On the one hand, it is suggested
that the measures that facilitate cooperation among internal
functions lead to effective risk management and improved
operational performance [2]. Integrated firms are considered
more responsive to environmental changes and customer
demand [96], and integration is considered a requirement for risk
management assets to achieve their objectives [41]. Inclusive
decision-making is regarded as a containment measure for
circumstances that aggravate risks [41]. Many risk management
frameworks also include the aspects of improvements [8].
Continuous improvement is considered a means of lowering
disruptions caused by quality and delivery-related problems
[34]. On the other hand, it is highlighted that the initiatives
taken for efficiency can increase the risk factor and deteriorate
performance. For example, even though lean practices are linked
to improved performance on a wide range of matrices, Hallgren
and Olhager [66], Tang and Musa [4], and Kauppi et al. [1] argue
that these practices result in supply chains being more fragile
to disruptions because of less cushioning. Similarly, studies
have suggested that integrative settings increase complexity
and exposure to risk [22], reduce flexibility [21], and do not
necessarily lead to improved performance [97]. Tight coupling
and system complexity can lead to negative outcomes in
accidents [2]. The inconsistencies in the empirical literature
may have resulted due to the focus on SCRM strategies, such
as integration, rather than SCRM enablers [9]. Our study
suggests a positive role of organizational settings conducive
to collaboration and information sharing in enabling SCRM
and improving performance. Confirming a partial mediation
effect of SCRM effectiveness in the relationship between
organizational context and agility performance, the findings
suggest a direct positive impact of collaborative and flexible
settings on agility performance, which is further strengthened
by SCRM effectiveness. These findings complement the results
of Munir et al. [2], showing a partial mediation of SCRM
between integration and operational performance.

While the research on the association between an organiza-
tion’s technological context and SCRM is not well-developed
[18], [23], it is argued that technology inductions can potentially
increase risks and deteriorate performance by raising complexity
[23]. Technology can affect traditional boundaries and require
reorganization of value creation processes, change the nature
of work and, hence, cause disruptions. However, the use of
technology in manufacturing can improve the effectiveness of
risk management through, for example, better tracking [96],
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better synchronization with suppliers, and quick alerts about
process glitches [18]. This study complements the empirical
results of Gillani et al. [31], showing a positive impact of
technological context on operational performance. However,
rather than showing a direct association, the results in this study
suggest a positive association between technological context and
agility performance through SCRM effectiveness.

Several studies have suggested the benefits of implementing
SCRM on performance as it reduces disruptions and their impact
[35], [69], [98]. The widely reported SCRM approaches include
maintaining excess inventories, a larger number of suppliers,
and extra capacity—all requiring additional costs and upfront
investment [1], [2]. These approaches, which arguably allow
a reduction in information processing needs, can potentially
weaken firm performance when the environment is highly
uncertain and necessitates a high level of buffering. It is also
suggested that strong SCRM requires mechanistic controls, i.e.,
formal and deliberately installed structures, to attain specific and
structured information for decision-making, strategy develop-
ment, and problem-solving [16]. However, mechanistic setups
can become exhausted in an uncertain and challenging environ-
ment. Overall, our findings support the proposition that informal
and flexible arrangements, through the setup of conducive orga-
nizational and technological contexts, can improve information
processing capability, the effectiveness of SCRM, and agility.

D. Managerial Implications

For supply chain managers, this study generates important
insights into the underlying mechanisms for effective and ef-
ficient risk management. It suggests adopting the information
processing perspective for SCRM, arguing that information
processing capability is fundamental for managing uncertainty
and strengthening SCRM. To enhance this core capability for
SCRM, the findings of this research indicate that manufacturing
managers should focus and invest in organizational and techno-
logical contexts. The conventional approaches to managing risks
include maintaining excess resources (shock absorbers) and de-
ploying mechanistic management systems for problem solving.
These approaches reduce the requirement for information or
its processing; however, in a highly uncertain situation, the
former can have high costs while the latter can be overwhelmed.
For example, when demand or supply is highly uncertain, a
manufacturer can maintain a high excess capacity and stocks to
absorb demand and supply shocks. These reserves will relieve
the manufacturer from extensive information processing to avoid
disruptions but the associated cost will be high. In a formal mech-
anistic system, exceptional scenarios or disruptive instances will
be referred to the management for resolution and problem solv-
ing. The mechanistic approach will also reduce the information
needed in the manufacturer’s organizational structure as the
information processing is centralized but the managers will be
overwhelmed under a large number of exceptional scenarios.
To avoid these undesirable conditions in managing uncertainty
and risks, managers should enhance information processing ca-
pabilities through conducive organizational settings along with
communication and integrative technologies.

By efficiently bridging the information gap, strong techno-
logical and organizational contexts can influence the ability to
read signals and precursors of undesirable events, enable shared

understanding, and facilitate responsive counteractions. Such
enhancements can also support other SCRM strategies like in-
ternal and external integration, which rely on organizational and
technological underpinnings. A strong technological context,
in particular, can enable the implementation of more advanced
technologies with a greater impact on SCRM.

Our study also provides a timely inquiry into the role of
organizational and technological contexts in manufacturing as
businesses plan their transition from the pandemic era. Even
though there is a lack of clarity on the future of work set-
tings, a general impression is that work structures will change
significantly while supply chain challenges will persist. Hence,
understanding the implications of organizational and technolog-
ical factors on SCRM and performance is timely and important.

V. CONCLUSION

This study offers several important contributions and novel
insights by extending the information processing perspective of
risk management, which is a highly relevant lens for studying
SCRM and merits more attention in the literature [2], [15].
The study, backed with rich theoretical arguments and strong
empirical evidence, highlights the pivotal role of information
in the effectiveness of SCRM [15], [40] and the importance
of technological and organizational contexts in the information
processing mechanism.

The study contributes to the literature in four major ways.
First, the study argues that environmental challenges raise infor-
mation processing needs while organizational and technologi-
cal contexts influence information processing capabilities and,
therefore, the effectiveness of SCRM. This perspective extends
the information processing viewpoint in the extant SCRM lit-
erature, which has focused mainly on integration. It is argued
that SCRM strategies like integration rely on organizational and
technological factors [10]. Hence, focusing on the organizational
and technological contexts for effective SCRM is fundamental.
Second, the study provides a synthesis of IPT with the TOE
framework. By employing the TOE framework to understand the
impact of manufacturing contexts on SCRM, the study extends
the conventional conceptualization of the framework, which
has been limited to the technology and innovation management
domain [28], [31]. The extension demonstrates the framework’s
versatility and should motivate its use in research on other
supply chain management domains. Third, supported by IPT,
the empirical findings in this study suggest that organizations
respond to external challenges through collaborative and flexible
work organization, enhanced technological setup, and higher
information flow. This is in contrast to the threat-rigidity thesis
[56]. Previous studies have aligned with both threat-rigidity and
its counter view but, as discussed in Section IV-A, the support has
been predominantly conceptual. Our study is an important con-
tribution in this debate as it employs a large-scale international
survey. Fourth, the findings indicate a positive role of flexible and
collaborative organizational settings and enhanced technologi-
cal setups in improving SCRM effectiveness and agility perfor-
mance. As discussed in Section IV-C, the extant SCRM literature
presents mixed arguments on these relationships considering
narrow organizational factors and specialized technologies. The
findings in this study address the inconsistencies in the literature
through broad-based empirical model and evidence.

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination. 

Authorized licensed use limited to: Aerospace Corporation via the Lauritsen Library. Downloaded on February 08,2023 at 14:32:54 UTC from IEEE Xplore.  Restrictions apply. 



10 IEEE TRANSACTIONS ON ENGINEERING MANAGEMENT

VI. LIMITATIONS AND SCORE FOR FUTURE RESEARCH

The model and findings of this study indicate some important
avenues for further research. One of the directions can be to
explore the interrelations between the contexts and different
dimensions of risk management. For example, future studies
can investigate whether there is an association between techno-
logical and organizational contexts, whether technological and
organizational contexts sequentially impact risk management,
and whether the contexts have different associations with the
preventive and reactive dimensions of risk management. Even
though we have argued that a challenging environment leads
to enhanced organizational and technological contexts without
finding reverse causality concerns in the analysis, inverse rela-
tionships are also plausible. It can be argued that organizationally
and technologically advanced organizations opt for challenging
business environments. Future studies can seek theoretical and
empirical support in this direction.

A limitation of this work is the scope of the contexts. The
technological and organizational contexts in this study are

considered internal to an organization. Even though measures
internal to an organization act as a foundation for the effective-
ness of the external measures, and hence, our inquiry provides
valuable insights, SCRM is an interorganizational phenomenon.
Considering technological and organizational contexts on the
supply chain level can provide more credence. Also, this study
only considers firms that operate with a single plant. The scope
of the study can be broadened to cater to multiplant operations.

Finally, considering risk classification may also address the
inconsistencies around the threat-rigidity thesis. Scholarship on
threat-rigidity thesis refers to abrupt and substantial threats. It
can be insightful to investigate if organizations respond to abrupt
and substantial threats with rigidity while sustained challenges
from the environment increase their flexibility.

APPENDIX

CONSTRUCT MEASUREMENT, VALIDITY, AND RELIABILITY

ANALYSIS
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