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Abstract The COVID-19 pandemic brought about a rapid

change in the global business environment, leading to

increased risks of supply and demand disruptions. As

society and the industry continue to acclimate to the new

normal, the contributions of the manufacturing industry

are critical in the recovery process. However, the existing

literature lacks a framework to analyze the manufacturing

sector’s challenges during the recovery to enhance supply

chain resilience (SCR). To address this gap, this study

develops a framework for business recovery, especially in

the manufacturing sector. A broad literature examination

and expert survey were conducted to identify the critical

potential business recovery challenges. Further, the inter-

play of business recovery challenges was analyzed using

mixed methodologies such as total interpretive structure

model and the cross-impact matrix multiplication applied

to classification (MICMAC) to foster a framework that can

assist the manufacturing industry in improving SCR. The

study found that challenges like ‘lack of flexible policies for

handling disruptions’ and ‘lack of management support

toward building resilience’ have the highest driving power

impeding business recovery. Other challenges, such as

‘lack of reconfiguring production lines,’ ‘lack of product

competencies to meet disturbances,’ and ‘less adoption of

robust technologies’ are also identified as major chal-

lenges. The implications of the study offer valuable insights

into global manufacturing industries. It also has significant

propositions for the Pacific region. The Pacific region

faces unique challenges, including geographic isolation,

resource dependency, diverse economies, climate vulner-

abilities, and complex trade relationships. The suggested

framework’s adaptability and applicability to these regio-

nal characteristics enable businesses and policymakers in

the Pacific to better understand and address the specific

dynamics of post-pandemic recovery, ultimately con-

tributing to enhanced SCR tailored to the region’s needs.

The study enriches the existing SCR literature by analyzing

inter-relationships between business recovery challenges

in the manufacturing industry’s post-pandemic context.
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Introduction

In the early 2020s, the globalized world faced significant

disruptions due to the COVID-19 pandemic (Hasan et al.,

2023; Ikram & Sayagh, 2023). It caused lockdowns of

public utilities and restricted movement across boundaries,

resulting in disruptions to global economic activities. The

International Monetary Fund (IMF) reported a 4.4%

reduction in global economic growth in 2020 alone (PBS,

2020). Although 2021 and 2022 were considered the

recovery phase of the pandemic due to the development of

vaccines and social adjustments, there were other incidents,

such as the Russia–Ukraine war, energy crises, and finan-

cial institution failures that derailed the economic recovery

process and pushed the world toward a recessionary phase

(Allam et al. 2022). The year 2023 is also expected to be

marred by high inflation rates, low economic growth, high

debt, and high fragmentation, affecting business growth

and human living standards. Barring a few developed

economies like Australia, China, South Korea, and Japan,

the region is highly impacted due to reliance on trade,

transport, foreign accruals and tourism (Palit & Bhogal,

2022). The small and medium sector also needs consoli-

dation to avoid reliance on imports from trading partners.

Business organizations of the region must carefully antic-

ipate the changing global dynamics, their capabilities and

reliance on regional and western partners, and plan

accordingly to survive and sustain. This cautious planning

may include industrial partnering, strategic sourcing,

infrastructure development, optimizing operational expen-

ses (such as hiring and firing workers), diversified manu-

facturing and distribution networks, manufacturing skill

development, and data-driven demand management sys-

tems (Tomlin & Wang, 2011). Adopting advanced ana-

lytics, monitoring tools, and other digital technologies can

help track and manage the performance of a firm’s sup-

pliers and detect potential logistics risks (Ivanov & Dolgui,

2021). Governance bodies and international organizations

must streamline global geo-political adaptation, relieving

geo-political fissures and facilitating cross-border cooper-

ation (Grundy-Warr, 2022).

In the post-pandemic era, as society and industry con-

tinue to embrace the ‘new normal,’ the manufacturing

sector performs a crucial function in the recovery pro-

cess (Telukdarie et al., 2020). It forms the backbone of any

economy, providing modern tools and techniques to sup-

port the primary sector and driving growth in the tertiary

sector. However, the manufacturing sector is currently

facing constant liquidity and profitability challenges due to

pandemic vulnerabilities, which have been compounded by

economic shocks (Didier et al., 2021). Supplier defaults

and poor revenues have created fright in the industry,

leading to market inconsistencies and inaccurate supply–

demand configurations (Jauhar et al., 2023). The decline in

manufacturing influences the unemployment and poverty

status of the region. To recover from distorted supply chain

patterns, the manufacturing sector requires a strategic

approach called Business Process Innovation (Anand et al.,

2013), which aims to perform manufacturing operations at

high speed and agility, prioritizing business continuity with

risk management, focusing on information technology

applications, and stakeholder confidence (Butt, 2020).

While global manufacturing has been a moderate

resurgence since the post-pandemic lockdowns, supply

chain disruptions, recessionary pressures, and geo-political

tussles pose multiple challenges (Wenzel et al., 2020).

Addressing rising labor and material costs, industrial

finance and supply chain disruptions, developing respon-

sive processes, and developing tools to manufacture in

other areas than China require a lot of effort. The adoption

of digital technologies can largely address bottlenecks in

global manufacturing operations and supply chain coordi-

nation, and the industry is earnestly adopting the digital

transition (Acioli et al., 2021). Investing in digital tech-

nology can help capture data to assess targeted vs actual

performance in terms of energy consumption, resource

utilization and recycling, carbon footprint, and societal

impact (Fernando & Hor, 2017). Designing for efficiency

and rigorous supplier management are other aspects of this

transformation and recovery process.

However, much more needs to be done to ensure that the

regional partners and vendors that feed resources and data

into the business systems follow the same sustainability

guidelines. Data visibility and analytics can yield results

only when the manufacturer has built agility into its

operations, allowing new strategies to be quickly imple-

mented. Agility is a challenging measure for small and

medium enterprises (SMEs), which have been particularly

disturbed by the pandemic due to their limited resources

and customer base (Juergensen et al., 2020). Reconfiguring

the production activities of organizations is required to

satisfy the scarcity of overseas-produced items from the

perspective of customer-base changes (Liu & Yang, 2021).

Manufacturers diversify their supply base and optimize

their stocks by near-shoring or domestic sourcing to miti-

gate risks and gain better control over transaction costs

with economies of scale (Kapoor et al., 2021). Another

innovation to overcome market loss is servitization, where

a manufacturing firm transitions from product-centric to

service-centric business logic (Eloranta et al., 2021).

Streamlining financial requirements in these challenging

times is another critical consideration in the industry

recovery process. Integrating the financial system into

supply chain operations through data visibility and ana-

lytics can lead to more transparent financial transactions.
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Artificial intelligence (AI)-powered forecasting can assist

manufacturers in better understanding demand and supply

variations early on, allowing for corrective action and

optimization of profit margins. The role of the manufac-

turing sector is critical for economic recovery, making it

necessary to understand the new challenges and develop

suitable strategies and solutions. To this end, this study

proposes to address the subsequent research questions

(RQs):

RQ1 What are the business recovery challenges in the

manufacturing industry?

RQ2 How can the inter-relationships among business

recovery challenges be investigated?

RQ3 In what way can the driving-dependence influence

of each business recovery challenge be obtained?

This study aims to accomplish the subsequent research

objectives (ROs):

RO1 To develop an integrated framework for analyzing

business recovery challenges in the manufacturing

industry.

RO2 To provide managerial insights for improving post-

pandemic SCR.

Literature Review

This segment is structured into three main components.

The first segment presents a literature review on the theme

of SCR in manufacturing industries. The second part

identifies and discusses the major business recovery chal-

lenges faced by manufacturing industries based on the lit-

erature. Finally, the research gaps in this area are

highlighted.

Studies on SCR in Manufacturing Industries

Creating and sustaining a robust supply chain capable of

satisfying requirements even in the expression of substan-

tial disruptions in both supply and demand is vital for the

survival of manufacturing companies (Ivanov & Keskin,

2023; Ishak et al., 2023). The literature highlights several

studies on resilience, supply chain and the manufacturing

industry. Palit and Bhogal (2022) highlight the alternate

sourcing strategy to China for SCR initiative. Another

major component of manufacturing vulnerability is the

SMEs weak share and weak bargaining power in case of

uncertainties and support to disasters. The resilience of

SMEs demands financial support and diversification to

cope with demand shocks and market volatility (Ye & Abe,

2012). Ahmed et al. (2023) conducted a study to assess the

AI-based essentials of Industry 5.0 (I5.0) to enhance SCR.

The study discovered that real-time tracking and AI inter-

vention of supply chain functionalities are the most

prominent tool to enhance SCR. Bianco et al. (2023)

studied the consequences of Industry 4.0 (I4.0) imple-

mentation in improving SCR during the COVID-19 out-

break. The results from their study indicate that smart

manufacturing practices contribute to developing resilience

and reducing losses during pandemics.

Similarly, Nakandala et al. (2023) found that operations

resilience and incremental innovation act as mediators

between I4.0 technologies and SCR. Yin (2023) presented

a study to develop a theoretical framework for digital

transformation-based SCR. The study discovered six dif-

ferent pathways toward achieving high SCR. Pu et al.

(2023) conducted a study to underline the impact of three

scopes of SCR on sustainable competitive advantages. The

study proposed research hypotheses and a conceptual

framework adopting operational vulnerability as an inter-

mediary element. Hemant et al. (2022) directed a study to

examine the technological and non-technological enablers

in the context of Indian manufacturing industries.

Ambrogio et al. (2022) presented a study to inspect the

influence of COVID-19 on SCR and the workforce. The

study proposed three I4.0-driven solutions that can enhance

workforce resilience. Additionally, Chari et al. (2022)

explored the contribution of dynamic capabilities theory in

enhancing SCR, using empirical analysis to report on the

challenges of implementing circular economy practices.

Agarwal et al. (2022) presented a study to rank the resi-

lience effectiveness required for an I4.0 manufacturing

organization, identifying six capabilities to mitigate barri-

ers to SCR. Furthermore, Rajesh (2021) identified flexible

business strategies across different views of the supply

chain that contribute to building resilience based on a case

study of an electronic manufacturing industry. Belhadi

et al. (2021) investigated the effect of the COVID-19

outbreak on the airline and automobile industries through

empirical analysis of SCR in manufacturing industries.

Similarly, Elhabashy et al. (2021) accompanied a literature

review to study resiliency in manufacturing systems in the

I4.0 model.

Dev et al. (2021) accomplished simulation analysis to

study SCR in handling the ripple effect in the I4.0 para-

digm. Rajesh (2017) performed a total interpretive struc-

ture model (TISM) to highlight the interactions between

technological capabilities considering an electronic manu-

facturing company. Zineb et al. (2017) performed a quan-

titative study to analyze SCR, considering the case of the

Moroccan manufacturing industry. They found that

enhanced flexibility and collaborations improve the resi-

lience of industry supply chains.
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Business Recovery Challenges in Manufacturing

Industries

During the post-pandemic, manufacturers’ greatest chal-

lenge is to regain past clients and new markets and maintain

positive business relationships. According to a Gartner

study, 75% of companies will lose customers who are not a

good fit by 2025. AI-enhanced supply chain management can

reduce lost sales due to out-of-stock products by 65%

(Klappich et al., 2021). Another challenge posed by the

current turbulent market environment for the industrial

sector is a commitment to sustainability. Resurgent manu-

facturing requires the adoption of I4.0 and I5.0 technologies,

eco-friendly transport facilities, and an optimized logistics

network. Operations and information technologies come

together to form I4.0 (Verma et al., 2022). Meanwhile, I5.0

calls for the synergistic coexistence of ‘man and machine,’

otherwise known as robots or cobots (Dwivedi et al., 2023).

Workforce training to handle such transitions is another

ongoing need. The organizational behavior aspect of indus-

tries needs to accommodate flexible workforce management,

allowing for both offline and online working environments

and assimilating online-trained personnel into organiza-

tional operations. Table 1 presents a list of fifteen business

recovery challenges that have been identified based on the

literature analysis and expert discussion.

Research Gaps

The research that is currently available shows that financial

failures, geo-political tensions, and the recession brought

on by the pandemic have all had a negative impact on the

manufacturing sector. There is an urgent need to revive the

sector for better global economic health. The acceptance of

digital technologies, the internet, and supply chain risk

management strategies have been discussed worldwide as

ways to address the manufacturing needs of the world.

While there have been studies on supply chain disruption

and strategic sourcing in the post-pandemic scenario

(Aldrighetti et al., 2021; Ivanov, 2021), manufacturing

business recovery in the Pacific context requires attention.

Factors related to manufacturing recovery, agile manufac-

turing, and the role of I4.0 and I5.0 in the manufacturing

recovery process have been overlooked (Farooq et al.,

2021; Ibn-Mohammed et al., 2021; Remko, 2020). Simi-

larly, there has been a superficial treatment of under-

standing the associated challenges and factors related to the

adoption of digitized tools and process re-engineering in

relation to SMEs (Aldrighetti et al., 2021; Younis et al.,

2021). Issues such as management commitment, employee

competencies, skills, and work reorganization, process

redesign, financial inclusivity, and policy interventions

require in-depth treatment to develop a holistic framework

for manufacturing resurgence. This study aims to satisfy

this research gap by identifying and analyzing business

recovery challenges in the manufacturing industry while

providing insights into their management.

Research Methodology and Data Analysis

The study integrates a mixed-method research design to

understand the concept comprehensively. The practical

consequence of adopting a mixed-method approach is that

the researcher should be proficient in employing research

Table 1 List of business recovery challenges identified from the literature

Code Name of the business recovery challenge References

BR1 Poor communication among supply chain stakeholders Paul et al. (2021), Banerjee et al. (2022)

BR2 Lack of collaboration between stakeholders Ocicka et al. (2022), Sabahi and Parast, (2020)

BR3 Lack of management support toward building resilience Paul et al. (2021), Banerjee et al., 2022

BR4 Lack of flexible policies for handling disruptions Ocicka et al. (2022), Wang et al. (2018), Paul et al. (2015)

BR5 Lack of financial capabilities to handle the disruptions Chopra et al. (2021), Banerjee et al. (2022)

BR6 Unauthorized subcontracting and raw material sourcing Rajesh (2018), Clarke and Boersma (2017)

BR7 Lack of real-time data on supply chain operations Majumdar et al. (2020), Paul et al. (2021)

BR8 Lack of flexibility in the supply chain design Rajesh (2018), Paul et al. (2021)

BR9 Lack of transparency in supply chains Sabahi and Parast, (2020), Banerjee et al. (2022)

BR10 Lack of multi-channel purchasing strategies Monostori and Váncza (2020), Banerjee et al. (2022)

BR11 Lack of ease of supplier geo-relocation Malik et al. (2021), Ocicka et al. (2022)

BR12 Lack of reconfiguring production lines Sabahi and Parast, (2020), Chopra et al. (2021)

BR13 Lack of product competencies to meet disturbances Ishida et al. (2020), Clarke and Boersma (2017)

BR14 Disconnected workflows and processes Sharma et al. (2022), Majumdar et al. (2020)

BR15 Less adoption of robust technologies Sabahi and Parast, (2020), Monostori and Váncza (2020)
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techniques that encompass qualitative and quantitative

methods, as well as statistical skills for data collection and

exploration. The advantage of using such an approach lies

in mitigating the biases and constraints that may arise from

relying solely on one research method (Creswell, 2009).

However, it is important to acknowledge that positivism,

which underpins the study’s framework development,

indeed has its strengths, such as its empirical and objective

approach. However, it is crucial to recognize that posi-

tivism has limitations, particularly in cases where human

behaviors, social contexts, and qualitative insights play a

significant role in shaping the research outcomes (Denzin

& Lincoln, 2011). This study analyzes business recovery

challenges in the manufacturing industry, and the multi-

faceted and context-specific nature of the challenges may

not be entirely captured through a solely positivist lens.

Therefore, the study embraces a combined-method

approach that syndicates quantitative examination with

qualitative understandings from experts in the field, thus

providing a more holistic understanding of the complex

dynamics of the research problem.

The qualitative methods involved conducting an inclu-

sive review of the literature to recognize the business

recovery challenges. On the other hand, a survey-based

approach was employed for implementing the modified

TISM (m-TISM) framework, which constitutes the quan-

titative methods. It also applies a systems thinking

approach to understand the interconnectedness between

different recovery challenges in the manufacturing industry

and their influence on SCR. This paradigm encourages

viewing the manufacturing system and supply chain as a

complex, interrelated network.

Questionnaire Design and Data Collection

A systematic questionnaire was developed to explore the

business recovery challenges in the manufacturing indus-

try, which were identified in this study. The questionnaire

was face-to-face delivered to each respondent to ensure

that the desired expert was the defendant and to minimize

the chances of ignored emails. The aimed manufacturing

industries were positioned in India’s National Capital

Region. The particulars of the participating experts are

postulated in Table 6.

Determining the Inter-relationships Among Business

Recovery Challenges

In 1973, Warfield established a computer-assisted process

called interpretive structural modeling (ISM) to create

interactions between numerous elements resulting from a

particular situation, with recommendations from experts

determining how the elements interact, making it an

interpretive technique (Yadav et al., 2020). However,

despite its ability to study various management scenarios

through an ordered model description, ISM has several

drawbacks (Mathivathanan et al., 2021). To overcome

these limitations, an enhanced model called TISM was

proposed, which utilizes the interpretive matrix to illustrate

how causal reasoning is obtained when evidence is gath-

ered by specialists (Sushil, 2012). TISM highlights the

linkages that connect the two items next to the relationship

descriptions, thus addressing the limitations of ISM. To

further simplify the ISM methodology and advance it, a

m-TISM was proposed by Sushil (2017), which expands on

TISM’s knowledge of inter-relationships, degree of asso-

ciation, and reasoning underlying the inter-relationships. It

also requires less number of pair-wise comparisons com-

pared to ISM (Sushil, 2018; Dhir et al., 2021).

The m-TISM methodology has been functional in

numerous studies to address complex issues (Dwivedi

et al., 2021; Prabhu & Srivastava, 2023; Shekhar & Das,

2023). For example, Dwivedi et al. (2023) utilized m-TISM

to examine the interaction between I5.0 and circular supply

chains from a sustainable development perspective. Sind-

hwani et al. (2022) applied m-TISM to analyze resilience

in the MSME sector, while Rajan et al. (2021) developed

an m-TISM model for cybersecurity management in

organizations. Meena et al. (2021) focused on the auto-

motive sector in India, analyzing and modeling factors that

accelerate growth in this industry. Dwivedi et al. (2019)

also proposed TISM for sustainable manufacturing, using

the leather sector as an example. The m-TISM approach

involves several fundamental steps.

Step I: Identifying the business recovery challenges in

the manufacturing industry

The initial stage of the m-TISM methodology involves

identifying the challenges that are pertinent to the situation

(Kumar et al., 2018). This study directed a literature review

and interviews to examine the business recovery challenges

in the manufacturing sector. A total of fifteen challenges

were identified and are presented in Table 1.

Step II: Describing the contextual inter-relationships

To develop a framework, it is crucial to establish the

appropriate linkages among the recognized potential chal-

lenges (Kumar et al., 2019). The contextual relationships

between business recovery challenges in the manufacturing

industry were inferred.

Step III: Explanation of the inter-relationships

To determine the model’s coherence, the inter-rela-

tionships among the identified possible challenges are

interpreted and presented in Table 7.

Step IV: Pair-wise comparison

As indicated in Table 2, it is possible to ascertain

whether an interaction matrix between the challenges exists

based on the experts’ recommendations.
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Step V: Achieving the Reachability Matrix and transi-

tivity check

Table 3 presents the initial reachability matrix (IRM) for

the recognized possible difficulties. To create the final

reachability matrix (FRM), as displayed in Table 4, the

IRM is further examined for transitivity links restructured

as 1*. In addition to pair-wise comparison, a transitivity

check is also carried out simultaneously.

Step VI: Separating the reachability matrix

The FRM was divided into multiple levels by executing

several iterations for each identified challenge, as shown in

Table 5.

Step VII: Diagraph development

In Fig. 1, a simplified digraph illustrating transitive

inter-relationships is conquered.

Step VIII: Obtaining the m-TISM

The digraph illustrating the relationships between the

recognized possible difficulties is transformed into a

m-TISM model, as displayed in Fig. 2. The dotted arrow

shows the transitive relationship, whereas the bold arrow

signifies the direct link.

Data Analysis

This section investigates the data and presents the results

and findings.

Developing the IRM

An IRM in m-TISM is produced by replacing 1 and 0 in

accordance with a set of guidelines. Table 2 highlights the

IRM.

Developing the FRM

As demonstrated in Table 3, the FRM is produced by

assimilating the transitivity given by ‘*.’

Level Partitions

The FRM is adopted to decide the reachability and ante-

cedent set for every potential challenge that has been

identified. Until each challenge reaches its appropriate

level, the process is repeated. Tables 4 and 5 show the

iterations.

Development of Diagraph

A simplified digraph illustrating transitive inter-relation-

ships is presented in Fig. 1.

Inter-relationships Among the Business Recovery

Challenges

The m-TISM model reflects inter-relationships among the

identified business recovery challenges and is presented in

Fig. 2.

Driving-Dependence Impact of each Business

Recovery Challenge

MICMAC analysis determines the driving and dependent

power of the interconnected challenges and is derived from

the FRM (Dwivedi et al., 2023). The challenges are divided

into four groups, which are explained as follows.

Table 2 IRM for business recovery challenges

Code BR1 BR2 BR3 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15

BR1 1 0 0 0 0 1 0 0 0 1 1 1 0 0 0

BR2 1 1 0 0 0 1 1 0 0 1 1 1 1 1 1

BR3 0 0 1 0 1 1 1 1 1 1 0 0 1 1 1

BR4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

BR5 0 0 0 0 1 1 0 1 0 1 1 1 1 1 1

BR6 0 0 0 0 0 1 1 0 0 1 0 1 0 0 1

BR7 0 0 0 0 0 0 1 0 1 1 0 1 1 1 1

BR8 1 0 0 0 0 1 0 1 1 1 1 1 1 1 1

BR9 0 0 0 0 0 1 1 0 1 1 0 1 1 1 1

BR10 0 0 0 0 0 0 0 0 1 1 0 1 1 0 0

BR11 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1

BR12 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1

BR13 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1

BR14 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

BR15 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1
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Autonomous challenges: The first quadrant is used to

group challenges, including weak drive and dependence

power. This study has no autonomous challenges from the

recognized list of potential challenges (see Fig. 3).

Dependent challenges: The second quadrant is where

challenges that have poor driving but significant depen-

dence power are grouped. From the attained list, the

challenges, such as ‘Lack of multi-channel purchasing

Table 3 FRM for business recovery challenges

Code BR1 BR2 BR3 BR4 BR5 BR6 BR7 BR8 BR9 BR10 BR11 BR12 BR13 BR14 BR15 Dr

BR1 1 0 0 0 0 1 1* 0 1* 1 1 1 1* 1* 1* 10

BR2 1 1 0 0 0 1 1 0 1* 1 1 1 1 1 1 11

BR3 1* 0 1 0 1 1 1 1 1 1 1* 1* 1 1 1 13

BR4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 15

BR5 1* 0 0 0 1 1 1* 1 1* 1 1 1 1 1 1 12

BR6 1* 0 0 0 0 1 1 0 1* 1 0 1 1* 1* 1 9

BR7 1* 0 0 0 0 1* 1 0 1 1 0 1 1 1 1 9

BR8 1 0 0 0 0 1 1* 1 1 1 1 1 1 1 1 11

BR9 1* 0 0 0 0 1 1 0 1 1 0 1 1 1 1 9

BR10 0 0 0 0 0 1* 1* 0 1 1 0 1 1 1* 1* 8

BR11 1* 0 0 0 0 0 0 0 0 0 1 1* 1* 1 1 6

BR12 1* 0 0 0 0 0 0 0 0 0 0 1 1* 0 1 4

BR13 1* 0 0 0 0 0 0 0 0 0 0 1 1 1 1 5

BR14 1* 0 0 0 0 0 0 0 0 0 0 1 1* 1 1 5

BR15 1 0 0 0 0 1* 0 0 0 1* 1* 1* 1 1* 1 8

De 14 2 2 1 3 11 10 4 10 11 8 15 15 14 15

1 means direct relations; 1* means transitive relations

De Dependence power, Dr Driving power

Table 4 Iteration 1 for level partitioning

Code Reachability set Antecedent set Intersection set Level

BR1 1,6,7,9,10,11,12,13,14,15 1,2,3,4,5,6,7,8,9,11,12,13,14,15 1,6,7,9,11,12,13,14,15

BR2 1,2,6,7,9,10,11,12,13,14,15 2,4 2

BR3 1,3,5,6,7,8,9,10,11,12,13,14,15 3,4 3

BR4 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 4 4

BR5 1,5,6,7,8,9,10,11,12,13,14,15 3,4,5 5

BR6 1,6,7,9,10,12,13,14,15 1,2,3,4,5,6,7,8,9,10,15 1,6,7,9,10,15

BR7 1,6,7,9,10,12,13,14,15 1,2,3,4,5,6,7,8,9,10 1,6,7,9,10

BR8 1,6,7,8,9,10,11,12,13,14,15 3,4,5,8 8

BR9 1,6,7,9,10,12,13,14,15 1,2,3,4,5,6,7,8,9,10 1,6,7,9,10

BR10 6,7,9,10,12,13,14,15 1,2,3,4,5,6,7,8,9,10,15 6,7,9,10,15

BR11 1,11,12,13,14,15 1,2,3,4,5,8,11,15 1,11,15

BR12 1,12,13,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,12,13,15 1

BR13 1,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,12,13,14,15 1

BR14 1,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,13,14,15 1,13,14,15

BR15 1,6,10,11,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,6,10,11,12,13,14,15 1
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strategies (BR10), ‘Lack of ease of supplier geo-relocation

(BR11),’ ‘ Lack of reconfiguring production lines (BR12),’

‘Lack of product competencies to meet disturbances

(BR13),’ ‘Disconnected workflows and processes (BR14),’

‘Less adoption of robust technologies (BR15) are placed as

dependent challenges.

Linkage challenges: The third quadrant is where chal-

lenges with high dependence and driving power are

grouped. In this study, challenges such as ‘Poor

Table 5 Iterations 1 to 8 for level partitioning

Code Reachability set Antecedent set Intersection set Level

BR1 1 1,2,3,4,5,8 1 4

BR2 2 2,4 2 5

BR3 3 3,4 3 7

BR4 4 4 4 8

BR5 5 3,4,5 5 6

BR6 1,6,7,9,10 1,2,3,4,5,6,7,8,9,10 1,6,7,9,10 3

BR7 1,6,7,9,10 1,2,3,4,5,6,7,8,9,10 1,6,7,9,10 3

BR8 8 3,4,5,8 8 5

BR9 1,6,7,9,10 1,2,3,4,5,6,7,8,9,10 1,6,7,9,10 3

BR10 6,7,9,10 1,2,3,4,5,6,7,8,9,10 6,7,9,10 3

BR11 1,11 1,2,3,4,5,8,11 1,11 3

BR12 1,12,13,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,12,13,15 1

BR13 1,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,12,13,14,15 1

BR14 1,14 1,2,3,4,5,6,7,8,9,10,11,14 1,14 2

BR15 1,6,10,11,12,13,14,15 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15 1,6,10,11,12,13,14,15 1

Fig. 1 Diagraph reflecting inter-relationships among business recovery challenges
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communication among supply chain stakeholders (BR1),’ ‘

Unauthorized subcontracting and raw material sourcing

(BR6),’ ‘ Lack of real-time data on supply chain operations

(BR7),’ and ‘Lack of transparency in supply chains (BR9),’

are identified as linkage challenges from the identified list

of potential challenges (see Fig. 3).

Independent challenges: The fourth quadrant is used to

group challenges that have strong driving forces but weak

dependencies. The challenges such as ‘Lack of

collaboration between stakeholders (BR2),’ ‘Lack of

management support toward building resilience (BR3),’ ‘

Lack of flexible policies for handling disruptions (BR4),’

‘Lack of financial capabilities to handle the disruptions

(BR5),’ and ‘Lack of flexibility in the supply chain design

(BR8)’ are categorized as independent challenges. Figure 3

shows the setup for the dependence and driving power

investigation.

Fig. 2 Inter-relationships among business recovery challenges

Global Journal of Flexible Systems Management (December 2023) 24(Suppl 1):S31–S48 S39

123



Discussions on Findings

The study performed an evaluation of prevailing literature

to identify ways in which the manufacturing industry can

mitigate the business recovery challenges for improving

SCR in the post-pandemic world. The researchers con-

sulted with experts in both industry and academia to

determine how the various potential challenges interrelate,

using the m-TISM methodology (as illustrated in Fig. 2).

The resulting diagram of driving and dependent factors was

analyzed to identify the specific connections between the

possible challenges that were identified. The m-TISM

model obtained can be examined in eight separate levels.

The challenges Lack of product competencies to meet

disturbances (BR13), Lack of reconfiguring production

lines (BR12), and Less adoption of robust technologies

(BR15) occupy the first level. A lot of manufacturing has

moved into low-cost regions, for example, India, Malaysia,

Thailand and Vietnam, and many organizations do not have

the expertise or knowledge to adapt their products to

changing market conditions or address supply chain dis-

ruptions effectively. For example, thousands of laptop

orders remain unfulfilled due to slowdowns in the manu-

facture of microchips; even basic consumer products like

bicycle had their parts in short supply worldwide (KPMG,

2022). As a result, they may struggle to continue a con-

sistent movement of goods and services, which could lead

to increased costs and lost revenue. Developing product

design and adaptation competencies is crucial for compa-

nies seeking to build a more RSC in the face of future

disruptions (Wang et al., 2018; Ghadge et al., 2022).

Another challenge in designing a RSC in the post-pan-

demic world is the ‘lack of flexibility in production lines.’

Organizations that rely on fixed production lines may

struggle to revise rapidly due to variations in demand or

supply chain disruptions (Chowdhury et al., 2021). For

example, suppose a particular product suddenly becomes

more popular. In that case, a company with inflexible

production lines may be unable to upgrade production

quickly enough to satisfy the increased demand. Similarly,

if a key supplier experiences disruptions, a company with

fixed production lines may not be able to easily switch to

alternative suppliers. Developing the ability to reconfig-

ure production lines quickly and efficiently will be critical

for an organization seeking to build a RSC in the future

(Tukamuhabwa et al., 2017).

‘Less adoption of robust technologies’ is another chal-

lenge in designing a RSC in the post-pandemic world.

Manufacturing organizations that rely heavily on complex

and interdependent technologies may face difficulties in the

event of disruptions to their supply chains or production

processes (Chopra et al., 2021). Developing a more diverse

and resilient technology infrastructure will be crucial for

companies seeking to build a RSC in the aspect of future

disruptions. Thus, ranking these three challenges at the

highest level reflects the need to mitigate them to design a
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RSC in the post-pandemic world. The challenge, Discon-

nected workflows and processes (BR14), comes at the

second level. Manufacturing organizations that have dis-

connected or siloed workflows may struggle to respond

quickly and effectively to disruptions like COVID-19. To

mitigate this challenge, there is a need for effective coor-

dination with various departments to adjust production

plans, manage inventory levels, and communicate with

customers. If these workflows are not well-coordinated, the

response may be slow and inefficient, leading to increased

costs and lost revenue (Monostori & Váncza, 2020).

Developing more integrated and collaborative workflows

will be crucial for organizations in building a RSC in the

face of future disruptions.

‘Lack of ease of supplier geo-relocation (BR11),’ ‘Lack

of multi-channel purchasing strategies (BR10),’ ‘Lack of

transparency in supply chains (BR19),’ ‘Unauthorized

subcontracting and raw material sourcing (BR6),’ ‘Lack of

real-time data on supply chain operations (BR7)’ are

positioned at third level in the m-TISM diagram. Organi-

zations may need to quickly shift their supply chain to

alternative raw materials or finished product sources when

a disruption occurs. However, the process of finding new

suppliers and relocating production facilities can be com-

plex, time-consuming, and costly. However, looking at

regional development, one witnesses an important shift in

global manufacturing in the relocation, diversification, and

reshoring arrangement. In 2020, the trade ministers of

Australia, Japan, and India entered into an Australia–

Japan–India trilateral treaty to construct a program related

to SCR for the Indo-Pacific region. It has been recognized

that the region is critical for global supply chain supplies

and hence requires better resilience (Asiasociety, 2023). In

some cases, suppliers may be located in countries or

regions with strict regulations or unstable political situa-

tions, which can make it problematic for organizations to

quickly relocate their supply chain. Organizations can

design a RSC by investing in robust and advanced tech-

nologies, expanding their supplier base, and employing

policies for managing risk efficiently (Okorie et al., 2020).

In addition, a lack of multi-channel purchasing strategies

can limit the ability of organizations to counter rapidly to

changing market conditions. Organizations can reduce their

reliance on a single supplier and ensure continuity of

operations by implementing a multi-channel purchasing

strategy and leveraging technology to advance SCR (Büchi

et al. 2020).

A ‘lack of transparency in supply chains’ can make it

difficult for organizations to identify potential risks and

disruptions in the supply chain. To overcome these chal-

lenges, organizations can take steps to improve trans-

parency in their supply chains and leverage technology to

enhance supply chain agility. This can include

implementing supply chain management systems that can

track and monitor suppliers and raw materials and invest-

ing in real-time data analytics to recognize potential risks

and opportunities in the supply chain. Additionally, unau-

thorized subcontracting and raw material sourcing can

create additional supply chain risks, as organizations may

not be able to verify the quality of the products or services

provided by these subcontractors or raw material suppliers.

Without real-time data, organizations may be unable to

quickly identify supply chain disruptions or respond to

market conditions changes. This can lead to delays in

production, excess inventory, and lost revenue. Another

challenge that organizations may face in designing a RSC

is ‘poor communication among supply chain stakeholders

(BR1),’ which is positioned at the fourth level. Effective

communication among supply chain stakeholders is critical

to ensure that all parties are aligned on key objectives and

able to coordinate their activities effectively. Poor com-

munication can lead to misunderstandings, delays, and

other issues that can disrupt supply chain (Wang et al.,

2018).

‘Lack of flexibility in the supply chain design (BR8)’ and

‘the lack of collaboration between stakeholders (BR2)’ can

act as significant challenges in designing a RSC for man-

ufacturing organizations in the post-pandemic world and is

positioned at the fifth level. To overcome these challenges,

organizations can design their supply chains considering

flexibility in the picture. This can include identifying

alternative sources of supply, developing contingency

plans for disruptions, and implementing supply chain

management systems that enable real-time monitoring and

visibility (Remko, 2020). ‘Lack of financial capabilities to

handle the disruptions (BR5),’ ‘lack of management sup-

port toward building resilience (BR3),’ and ‘lack of flexible

policies for handling disruptions (BR4)’ are the challenges

that are positioned at the sixth, seventh, and eighth levels,

respectively.

‘Lack of financial capabilities to handle disruptions’ can

make it difficult for organizations to invest in the resources

and infrastructure required to build a RSC. Organizations

must explore alternative financing options, such as part-

nerships with suppliers and other stakeholders or leverag-

ing government support programs. Additionally,

organizations can prioritize investments in the most critical

areas for building resilience. Also, without ‘the commit-

ment and leadership of senior management,’ efforts to

build a RSC may be deprioritized or lack sufficient

resources. Thus, by exploring alternative financing options,

prioritizing investments in resilience, communicating the

importance of these efforts to senior management,

appointing a dedicated SCR team, and developing flexible

policies and procedures, organizations can reduce the risks
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of disruptions and safeguard the stability of processes

(Ramezankhani et al., 2018).

In the m-TISM framework, the relationship among the

challenges is depicted by an arrowhead. Afterward, the

driving power and dependence power of the recognized

potential challenges are determined by exercising the

MICMAC analysis. The MICMAC methodology catego-

rizes the identified challenges as shown in Fig. 3. The

findings from the current study reveal that challenges such

as ‘lack of flexible policies for handling disruptions (BR4),’

‘lack of management support toward building resilience

(BR3),’ and ‘lack of financial capabilities to handle the

disruptions (BR5)’ have the highest driving power. The

highest driving power of these business recovery chal-

lenges specifies their urgency to be mitigated immediately

for designing a RSC in the manufacturing industry in the

post-pandemic world. Further, ‘lack of reconfiguring pro-

duction lines (BR12),’ ‘lack of product competencies to

meet disturbances (BR13),’ and ‘disconnected workflows

and processes (BR14)’ emerge to be the challenges with

minimal driving power. Hence, MICMAC analysis facili-

tates the practitioners to evaluate the influence of each

recognized business recovery challenge on the remaining

challenges. Further, the m-TISM approach can be com-

plemented by using a system thinking approach. Focusing

on the whole picture, thinking long term rather than short

term, cause and effect thinking are some of the funda-

mental tenets of systems thinking (Elias, 2021).

Implications of the Study

Based on the findings of the study and literature support,

this section discusses implications for managers, busi-

nesses, government and policymakers.

Managerial Implications

The COVID-19 pandemic has significantly impacted the

manufacturing industry, causing unprecedented challenges

and global supply chain disruptions. Therefore, this study

analyzed the manufacturing industry’s business recovery

challenges and discussed suggestions to address them. The

study identified 15 business recovery challenges and

established a framework that can assist managers in

designing a RSC in manufacturing organizations. It high-

lights the importance of investing in developing a flexible

and adaptable product portfolio, prioritizing workforce

training and development, collaborating with supply chain

partners, diversifying sourcing options, establishing multi-

lateral regional trade alliances, and adopting new tech-

nologies and tools to improve production competencies.

Such findings have also been relevant in developing

business resiliency in the Indo-Pacific region (Lund et al.,

2020).

Manufacturing practitioners should consider adopting

new technologies and tools to help them respond quickly to

changing market demands. This could include investing in

manufacturing technologies for collaboration and innova-

tion to improve product quality and reduce production

times. Such findings are also endorsed by Bhaskar (2021),

which emphasizes the Indian Government’s partnership

and involvement in developing the marine commerce

potential of the Pacific region.

In addition to managing product design capabilities,

managers should prioritize developing a flexible and

adaptable product portfolio that can quickly respond to

changes in the market. They can achieve this by capital-

izing on research and development to recognize new

products or adapting existing products to meet changing

customer demands. Such findings have also been endorsed

by Fountain et al. (2021) study on New Zealand and

adjoining Pacific islands, where they called for diversifying

from beach and sightseeing tourism and processing

recovery in marine resources.

The COVID-19 pandemic has recognized the promi-

nence of Information and Communication technologies in

addressing the information and social distancing adept

supply needs. Although it accelerated digital adoption, the

Indo-Pacific region is witnessing a deeper digital divide

between and within countries, reinforcing a vicious cycle

of economic inequalities. Digitization is a great enabling

tool for achieving supply chain resiliency. An initiative

under the name Quad Technology Network was suggested

to promote public debate on critical cyber and technology

issues (Ray et al., 2021). By leveraging digital technolo-

gies, manufacturing organizations can quickly adapt their

operations to meet changing customer demands, thereby

improving SCR. Practitioners can focus on building a

strong and robust technological infrastructure, which can

help manufacturing organizations have greater mechanisms

over their supply chain. Further, the study suggests that

organizations invest in flexible and adaptable production

systems that can quickly reconfigure to produce new

products or accommodate changes in production demand.

This could involve redesigning production lines and

investing in new technology to enhance efficiency and

responsiveness. Contingency plans that outline alternative

sourcing options, manufacturing locations, and logistics

strategies should also be implemented to minimize the

impact of future disruptions and ensure sustained

operations.
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Implications for the Pacific

The implications, particularly in the context of the Pacific

region, are crucial for enhancing SCR in the geographic

and economic context. The region, with its remote islands

and scattered nations, often faces challenges related to

geographic isolation. The framework developed in this

study can benefit regional businesses and policymakers in

identifying and mitigating recovery challenges specific to

their isolation, such as limited transportation options and

higher vulnerability to supply chain disruptions. It com-

prises diverse economies, including developed countries,

emerging markets, and least developed nations. The

framework’s analysis of ‘lack of product competencies to

meet disturbances’ can help identify areas where different

economies can collaborate to enhance product competen-

cies. This collaboration can be facilitated through regional

economic organizations and agreements. The framework

can help businesses and Government navigate complex

trade dynamics and develop strategies that enhance regio-

nal and international cooperation during recovery.

The region’s unique cultural and social characteristics

significantly contribute to business operations. The frame-

work’s insights can be used to address cultural and social

factors affecting resilience. For instance, ‘lack of manage-

ment support toward building resilience’ can be adapted to

encourage more inclusive and community-driven approa-

ches to recovery. The region is also susceptible to climate

change-related disruptions. The framework can be used to

develop strategies that consider the impact of climate-related

challenges on business recovery. For example, it can guide

manufacturing firms in creating climate-resilient supply

chains and product lines. Due to limited local resources,

many South Pacific nations rely on imported raw materials

and goods. The framework’s identification of challenges like

‘lack of flexible policies for handling disruptions’ and ‘less

adoption of robust technologies’ can be tailored to address

the resource dependency of the region. Policymakers can

focus on developing resilient sourcing strategies and

encouraging the adoption of advanced technologies to

decrease this dependency. By tailoring strategies to the

region’s unique characteristics and vulnerabilities, busi-

nesses and policymakers can better position the manufac-

turing industry for sustainable growth and resilience in the

aspect of future disruptions.

Conclusions, Limitations, and Scopes for Future
Research

This study investigates the business recovery challenges

faced by manufacturing organizations in building RSCs

that can withstand catastrophic disruptions like the

COVID-19 pandemic. To attain this, the study uses

m-TISM methodology to analyze responses from Indian

industry experts and establish a framework for determining

inter-relationships among business recovery challenges that

impede firms from building RSCs. Although the data for

analysis were appropriated from the Indian manufacturing

sector, its implications can be very established to the

Pacific region given the cultural, geo-political and social

similarities. The study’s contributions include identifying

and analyzing business recovery challenges, constructing a

framework of interrelated challenges, and providing rec-

ommendations for addressing the identified challenges. The

study highlights the need to mitigate the lack of reconfig-

uring production lines, product competencies, and adoption

of robust technologies to build RSCs.

Among the limitations, one can object to the general-

izability of the findings as experts’ opinions were taken

from one country and not expanded to other partners of the

region. One can validate and enrich the study by exploring

other countries of the region; however, the authors opine

that there will be minor differences. Therefore, future

research could consider a longitudinal study to monitor

changes in recovery challenges, analyze recovery chal-

lenges for different supply chains and regions, and explore

challenges facing other industries in the Pacific region.

In conclusion, this study offers a comprehensive set of

business recovery challenges that can guide decision-

makers in the manufacturing industry. The study’s con-

clusions can support in the formulation of recovery

strategies that can enhance SCR and optimize the business

recovery process. Overall, this study adds to the literature

on building RSCs and employs mixed methodologies to

advance a framework that can aid the decision-makers of

the manufacturing industry.

Appendix

See Tables 6 and 7

Table 6 Details of the experts

Experts Domain Experience (Years)

Expert 1,2 Supply chain manager [ 8

Expert 3,4,5 Operations manager [ 15

Expert 6,7,8 Procurement services, logistics [ 10

Expert 9 Supply chain resilience researcher [ 3
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