Investigating the Role of Knowledge-Based Supply Chains for Supply
Chain Resilience by Graph Theory Matrix Approach

Abstract

Nowadays, providing information flow at every phase of a knowledge-based supply chain with
technologies has become a vital issue due to rapid population growth, globalisation, and
increases in demand in the supply chain. Knowledge-based supply chains have a critical role
in increasing resilience in supply chain processes with emerging technologies. Thus, it is
necessary to determine the critical factors that increase SC resilience. Therefore, this study aims
to determine SC resilience improvement factors in knowledge-based supply chains and
investigate the importance level of determining factors using the Graph Theory Matrix
Approach. The results suggest that the most important supply chain resilience improvement
factor is Adaptive Capacity (F3), followed by Product Prioritization (F9) and Flexibility (F1),
respectively. This study is expected to benefit managers and policymakers as it provides a better
understanding of critical SC resilience improvement factors that play a role in knowledge-based
supply chains. In order to increase resilience in the supply chain, system thinking and solutions
should be encouraged by businesses to increase collaboration with stakeholders. Businesses and
governments should provide collaborative long-term solutions for the uncertain environment to

ensure a sustainable and resilient environment.
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1. Introduction

In order to deal with the limited resources in the globalising world, it is necessary to produce
products with the lowest cost and highest efficiency (Yi et al., 2022). Providing product
diversity has led enterprises to desire to reach global markets due to their shortened product life
rather than their local region, the concept of superiority due to the labour force, technology and
raw material factors (Rahman et al., 2022). The important thing in supply chain management
(SCM) is to be successful not only in the competition between companies (Scholten et al., 2020)

but also in the competition between the supply chain (SC) of the companies (Hofer et al., 2022).

Nowadays, the multi-stakeholder nature of SCs causes SCs processes to become more

vulnerable (Gebhardt et al., 2022). Providing accurate and concurrent information flow in



multi-stakeholder and multi-supplier SCs facilitates the follow-up of SCs (Sahebi et al., 2022).
For this reason, knowledge-based SCs come to the fore, especially in order to provide resilience
in the face of sudden disruptions in SCs (Yu & Sheng, 2021). Furthermore, knowledge-based
SCs ensure that information sharing succeeds most effectively with the help of emergent
technologies in SC processes (Singh et al., 2022). Hence, knowledge-based SCs play an
important role in the resilience of SCs, but important factors must be considered to increase
resilience in SC processes combined with emergent technologies (Alfarsi et al., 2019;
Mathivathanan et al., 2021). A limited number of studies establish the relationship between SC
resilience and knowledge-based SC (Ali et al., 2023; Singh et al., 2022; Orlando et al., 2022;
Rosiello & Maleki, 2021). Moreover, revealing the importance level of critical factors about
knowledge-based SCs is needed. Therefore, as a novelty, considering the literature review as a

research gap, it is one of the newly studied topics in the literature.
Therefore, a research question is addressed in this study;

RQ: What is the importance level of each SC resilience improvement factor in knowledge-
based SCs?

To address the research question, firstly, a detailed literature review is conducted in order to be
aware of the importance of the subject and to identify the factors that are important for the
development of resilience in knowledge-based SCs by using the Graph Theory Matrix
Approach.

To sum up, as a motivation for this study, although resiliency in the SC has become the most
important topic of recent times, it is one of the most important elements to maintain and improve
this resilience. Especially in knowledge-based SCs, their resiliency must constantly improve by
keeping up with the latest. In addition to SC resilience studies, this study is crucial to determine
SC resilience improvement factors in knowledge-based SCs by using Graph Theory. Thus, the
novelty of this study is to provide a new perspective to improve resilience in knowledge-based
SCs by determining the importance level of resilience improvement factors. Moreover, in the
theoretical sense, SC resilience should adopt the system theory and provide a holistic
perspective to the process. This study presents a theoretical infrastructure based on the system

approach in the SC resilience process.

The following sections are organised as follows; Section 2 covers the role of knowledge-based
SCs for SC resilience and determining SC resilience improvement factors in knowledge-based

SCs. Then, section 3 explains the methodology, which is Graph Theory, and Section 4



highlights the implementation and results of the study. After that, Section 5 consists of

discussions, implications, and conclusions.

2. Literature Review about the Role of Knowledge-Based SCs for SC Resilience

A supply chain (SC) is a network of stakeholders collaborating to create value for the end
consumer. This includes all activities associated with creating and delivering a product or
service (Boruchowitch & Firtz, 2022). Supply chain management (SCM) is a critical
competency in today's global market. It enables companies to evaluate new products, identify
new market opportunities and make strategic business decisions quickly and accurately in
coordination with their SC partners (Sarkar et al., 2022). In the global economy, effectively
managing the supply chain has become increasingly important for companies to remain

competitive (Gloet & Samson, 2022).

Supply chains are extremely complex, particularly when it comes to global supply chains that
involve a large number of suppliers and customers (Gong et al., 2022). Ensuring chain integrity
is crucial as any problem caused by one of the stakeholders can have a ripple effect throughout
the chain, compromising the quality of the product and putting the entire supply chain at risk
(Irfan et al., 2022). Knowledge-based supply chains have become increasingly important in
today's rapidly changing environment. This means it is essential to adopt emerging technologies
in supply chain processes and integrate information technologies and supply chain processes,
especially in the face of sudden disruptions (Badhotiya et al., 2022). The resilience of supply
chains is threatened when there is a lack of preparation in operations. Taking immediate
measures in operations and finding new solutions depends on evaluating and monitoring the

supply chain provided by knowledge-based supply chains (Orlando et al., 2022).

Knowledge-based SCs are SC structures that focus on data, knowledge and human skills, in
which advanced technologies can be adapted to the SC (Singh et al., 2022). Targeting more
innovative applications in knowledge-based SCs provides error-free SCM from production to
consumer with advanced technologies (Schoenherr, 2022). Information systems are used in
knowledge-based SCs, and these information technologies are network systems defined as the
use of internet-based communication devices, computing platforms, and protocols for the
identification, calculation, transmission and storage of data (Sartori et al., 2022). Although these
information systems are vital in the SC processes, in order to provide resilience in the face of
sudden events in the SCs (Marcucci et al., 2022), the dynamic structure of the SCs should be

aware of, and research should be carried out to make sense of the information (Amiri & Roshani



et al., 2022). Making sense of information and analysing data in SCs provide a knowledge-
based approach in SCs. In summary, knowledge-based SCs are crucial in ensuring resilience in
global, dynamic and multi-stakeholder SCs (Yin et al., 2022).

By considering the literature review, the term which is “knowledge-based SC” is a subject that
has been discussed in the past but remains limited in terms of detailed analysis and practical
implementation (Bates & Slack, 1998; Piramuithu, 2005; Kayis & Karningsih, 2012; Blome et
al., 2014). However, according to Singh et al. (2022), although these studies have addressed the
basic concept, as mentioned before, SC structures have differentiated and knowledge-based
requirements have reached a different level. Recently, Pal (2023), one of the most recent
studies, discussed that knowledge-based systems should be used for SC resilience. Moreover,
Eslami et al. (2023) advocate the creation of knowledge-sharing among SC stakeholders. For
this reason, stating that a knowledge-based approach should be adopted, and conducted research
on dyadic knowledge-sharing approaches in supply chains. Moreover, Juan and Li (2023)
focused on SC resilience during COVID-19 in the context of knowledge-based theory. First,
however, they studied the financial performance of firms with SC.

Moreover, there are limited studies, such as Sunmola et al. (2023), especially about SC
resilience improvement. They stated that SC resilience improvement is in line with the visibility
of SCs. Furthermore, Bukhari & Zafar (2023) focused on the relationship between SC
disruptions and resilience factors such as panic buying behaviour, misinformation etc. In
addition, there are many risk studies about SC resilience (Al-Ayed & Al-Tit, 2023; Imbiri et
al., 2023). However, as seen in these studies, although SC resilience, knowledge-based and risk
issues have been studied, it has not been found in the literature which factors are affected by

SC resilience in terms of knowledge-based.

In summary, although many factors are considered for SC resiliency in knowledge-based SCs,
there are factors that need to be considered to maintain and develop this resiliency. By
integrating all these factors with advanced technologies, information-based SCs with the most
efficiency can be obtained. This study answers the questions of what SC resilience improvement
factors are, how important for the knowledge-based SC literature, and which factors should be
prioritised to improve as a result of this order of importance. In this context, it provides a
perspective on the subject from a sectoral perspective in the next academic studies and in

practice. Therefore, in the following section, these factors are determined.



2.1 Determining SC Resilience Improvement Factors in Knowledge-Based SCs

As mentioned above, knowledge-based SCs consist of processes in which the necessary
conditions are met to ensure resilience. Factors such as technological infrastructure, risk
analyses, employee knowledge etc., are met (Narassima et al.,, 2022). However, when
knowledge-based SCs are combined with the global SC structure, it becomes difficult to
improve the resilience of SCs (Foroozesh et al., 2022). For this reason, it is extremely important
to determine the factors that are important for the development of SC resilience. As a result of
the literature review, 9 factors are determined for SC resilience improvement. These factors are

shown in Table 1.

Table 1. SC Resilience Improvement Factors

SC Resilience Improvement Factors References
Flexibility (F1) Kamalahmadi et al., 2022; Hsu et al., 2022
Multi-sourcing (F2) Mangla et al, 2019; Narassima et al., 2022;

Kumar et al., 2022

Adaptive Capacity (Fs) Ozdemir et al., 2022; Lopes et al., 2022
Stakeholder’s Collaboration (F4) Aigbogun et al., 2022; Pimenta et al., 2022
Network Diversification (Fs) Lopes et al., 2022; Foroozesh et al., 2022
Nearshoring (Fg) Jorge & Wendt, 2022; Maharjan & Kato, 2022

Data Awareness & Technological Adaptation (F7) | Orlando et al., 2022; Ozdemir et al., 2022

Agility (Fs) Hsu et al., 2022; Pimenta et al., 2022

Product Prioritisation (Fo) Prataviera et al., 2022; Moosavi et al., 2022

These factors can be briefly explained as follows.

Flexibility (F1): A company's ability to handle unexpected SC disruptions with its current
capabilities is defined as flexibility in SCs (Kamalahmadi et al., 2022). SC flexibility is the
ability to respond to and recover from problems with minimal disruption to operations and
customer timeframes, enabling SCs to increase resilience in the face of sudden disruptions (Hsu
etal., 2022).



Multi-sourcing (F2): In the face of unexpected events that occur in the SC, sticking to a single
source location causes the processes to stop (Narassima et al., 2022). For this reason, the
number of suppliers and sources of raw materials can be increased by adopting a multi-source
approach in SCs, and risk distribution can be made against sudden disruptions that may occur
by distributing different business processes to different suppliers (Kumar et al., 2022), and this
ensures the improvement of resilience in SCs (Mangla et al., 2019).

Adaptive Capacity (F3): Capacity and stock planning are extremely important to ensure
resilience in SC processes (Lopes et al., 2022). Having a safety stock in the face of sudden
situations that may occur in the SCs and being able to be flexible in capacity planning ensures
that the SC processes can continue while dealing with problems in the background (Ozdemir et
al., 2022).

Stakeholder’s Collaboration (F4): Since global SCs have a multi-stakeholder structure,
cooperation between stakeholders is extremely important for the continuity of processes
(Aigbogun et al., 2022). Collaboration between all stakeholders should be possible to monitor
and analyse the situations that threaten the durability of the SCs and solve the problems quickly
(Pimenta et al., 2022).

Network Diversification (Fs): One of the important factors for increasing resilience in SCs is
network diversification. Especially with the globalisation of SCs and the complexity of
operations today, distributing the supply network instead of focusing on one place in the supply
processes comes to the fore (Lopes et al., 2022). Although this situation is seen as a cost, it is

now considered a business cost for the development of SC resilience (Foroozesh et al., 2022).

Nearshoring (Fe): Nearshoring in SC processes generally refers to making region choices
where inventory control can be done better and the finished product can be delivered to the
consumer more easily without being tied to a single geographical region in the finished product
process (Jorge & Wendt, 2022). When SCs depend on a single region for raw materials or other
issues, they cannot maintain their resilience in the face of sudden disruptions (Maharjan & Kato,
2022). Therefore, in SC processes, SC resilience is improved by geographical region

distribution with nearshoring.

Data Awareness & Technological Adaptation (F7): To ensure resilience in SCs, it is
necessary to follow technological developments and have a technological infrastructure

(Orlando et al., 2022). However, the improvement of resilience in SCs depends on being aware



of useful data that may arise in SC processes and providing technology adaptation to data
(Ozdemir et al., 2022).

Agility (Fs): Agility means restructuring the system quickly against predictable changes. In the
understanding of the SC, businesses that act with less agility in the event of any change in
customer demands or in the face of sudden disruptions in the SC expose their suppliers to
operational risk (Hsu et al., 2022). Therefore, agility is an important concept for the

improvement of SC resilience (Pimenta et al., 2022).

Product Prioritisation (Fe): Sudden situations that may be encountered in the SC processes
may necessitate product selection. SC resilience can be improved by prioritising products to
prevent damage to the entire SC resilience (Prataviera et al., 2022). For this reason, SC
resilience can be improved by analysing which product will work best in the face of sudden

situations and what constitutes the backbone of the SC (Moosavi et al., 2022).

3. Methodology: Graph Theory Matrix Approach

This study aims to evaluate resilience improvement factors in knowledge-based SCs such as
the automotive industry. Resilience in the automotive industry is one of the important sectors
that should provide flexibility in speed and diversity in production processes. It is important to
respond to customer needs more quickly and adapt quickly to flexible production methods when
there are sudden changes in consumer demands. Besides, knowledge-based supply chains in
the automotive industry enable the prediction and management of possible disruptions and risks
that may occur in the supply chain. In addition, information-based supply chains provide
benefits such as monitoring and evaluating the performance of suppliers, increasing cooperation
and coordination within the supply chain, reducing costs and accelerating the product supply
process. Knowledge-based supply chains enable real-time data collection, analysis and sharing
with the technologies used in production and supply processes. In this way, better cooperation
and coordination between all actors in the SC is ensured, and any disruption or risk in the SC
is quickly detected and prevented. As a result, knowledge-based supply chains play an
important role in increasing SC resilience in the automotive industry and provide benefits such
as speeding up production processes, reducing costs and increasing customer satisfaction,
which is critical, especially for the automotive sector. Thus, Graph Theory Matrix Approach is
used to provide deep insights into SC resilience improvement factors and their relationships.



After elaborating on SC resilience improvement factors in the automotive industry, the stages

of the algorithm are elaborated in the methodology section.

Graph theory is considered a framework of graphs (Ray, 2013). Visualisation of the
interrelations of identified factors and the presenting graph is significant for increasing the
understandability of the entire system (Singh & Kumar, 2019). Thus, this methodology is
beneficial for indicating the relations between factors in order to create a solution for complex
problems (Deo, 2017). Developing an effective decision-making environment is crucial for
analysing and clarifying multiple interrelated factors (Wagner & Neshat, 2010; Gupta & Singh,
2020). This approach provides better insight to analyse and comprehend the system as a whole
by identifying the system and sub-system. It helps in selecting the most suitable choice among
various alternatives to the problem. SC resilience depends on the number of sub-variables and
determining relationships between these key variables while the quantification of resilience in
the SC is critical to creating long-term strategic decisions. Thus, with the graph theory matrix
approach, SC resilience can be quantified by investigating the role of knowledge-based supply
chains. Considering the literature review, previous studies didn’t reflect the interdependencies
between factors and didn’t present requirements to adjust the factors for the changing conditions
(Kaur et al., 2006). Thus, the approach provides flexibility to embrace new factors to deal with
changing situations (Agarwal et al., 2022).

This methodology consists of three stages. First, a digraph provides a visual representation of
factors and their interrelations. Digraph representation is significant in presenting the system
visually. Converting matrix representation needs to provide calculations of the proposed

diagram. Finally, the permanent function value is used to evaluate and rank the factors.

The first stage of this methodology begins by developing a digraph by indicating a set of ordered
finite oriented edges or arcs (Kim et al., 2015; Yildirim et al., 2021). Based on the digraph,
Matrix representation is beneficial for reducing the complexity of the digraph representation by
indicating factors, relationships and the relative importance of these factors. The matrix is

shown in Equation 1.

Air o Qg0
Q101 ° Q10,10

According to matrix representation, Aij variables (i = j) characterise the relative importance of

factor i over factor j, aij variables signify the relative importance of factor i over j, that is a value



between 0 and 1 is assigned for the relative importance using scales considering Table 2
(Baykasoglu, 2014).

Table 2. Relative importance of the improvement factors

Classification rij rji = 1-rij
Equally important 0.5 0.5
One factor is slightly more important than other 0.6 0.4
One factor is more important 0.7 0.3
One factor is very important 0.8 0.2
One factor is exceptionally important 0.9 0.1
One factor is the most important 1 0

This method used a permanent function which is one step further than the determinant function,
which does not include the negative sign. The permanent function is the sum of the weights of
cycle covers of the mentioned digraph. Each vertex i in the digraph represents a single successor
o (i) in the cycle-cover. ¢ indicates permutation on {1, 2... n } and n shows the number of
vertices in the digraph. Any permutation of ¢ on {1, 2... n } resembles a cycle cover in which
there is an arc from vertex i to vertex o (i) (Minc 1984; Rabbani et al., 2019). The final stages
include creating the permanent function of a matrix. The permanent function is calculated by
Equation 2.

Perm (A) = Y, I, i, ofi) 2

For the data-gathering stage, nine experts from the automotive industry were approached. These
included an information technology manager, a manufacturing engineer, a materials
development engineer, an SC engineer, a purchasing engineer, a risk analyst, a production
planning engineer, a research and development engineer, and an operations engineer. These
selected experts were chosen because they had more than five years of experience in this field
and many studies and projects that they have carried out in this context. The determined factors
were also supported by the previous studies presented in the literature section. Table 4 shows
the details of the expert. Each participant was asked to compare and make an assessment of SC

resilience improvement factors in knowledge-based SCs relative to each other. This was done



in person through short interviews, by phone or by email. Each participant filled out the matrix
M presented in equation 2 the resilience index value is calculated using the permanent function
of the matrix. Each participant is assigned a value between 0 and 1 for evaluating the relative

importance using scales considering Table 2.

Table 3. Information about experts

Experts Position Years of Experience
1 Information Technology Manager 6

Manufacturing Engineer

Materials Development Engineer

SC Engineer

Purchasing Engineer

Risk Analyst

Production Planning Engineer

Research and Development Engineer

Operations Engineer
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4. Implementation and Results

Graph Theory and the Matrix Approach are used to provide an assessment of the SC resilience
improvement factors and find the preference order of these factors. SC resilience improvement

factors are indicated in Table 3.



Table 4. SC Resilience improvement index

SC Resilience Improvement Factors

Flexibility (F1)

Multi-sourcing (F2)

Adaptive Capacity (F3)

Stakeholder’s Collaboration (F4)

Network Diversification (Fs)

Nearshoring (Fs)

Data Awareness & Technological Adaptation (F7)

Agility (Fs)

Product Prioritisation (Fo)

The digraph of the algorithm is presented in Figure 1. This digraph indicates the relationships
among the SC Resilience improvement factors. Flexibility (F1), Multi-sourcing (F2), Adaptive
Capacity (F3), Stakeholder Collaboration (F4), Network Diversification (F5), Nearshoring
(F6), Data Awareness & Technological Adaptation (F7), Agility (F8), Product Prioritisation
(F9) are showed in the node. The arrows show the relative importance of factors. Without an

arrow, a relationship between the two factors cannot be established.



Figure 1. SC Resilience improvement factors digraph

Pairwise comparisons of the SC Resilience improvement index are presented in Table 5. Data
were obtained from different experts to calculate the SC Resilience improvement index level,
as indicated in Table 4. For the pairwise comparisons, the relative importance of factors is
weighted using the scale shown in Table 2. If there is no relationship between the two factors,
a value of 0 is assigned.

Table 5. Pairwise comparisons SC Resilience improvement index

F1 F2 F3 F4 F5 F6 F7 F8 F9
F1 1 0.6 0.7 0.5 0.6 0.5 0.6 0.8 0
F2 0.4 1 0.5 0.8 0.9 0.6 0.6 0.5 0.8
F3 0.3 0.5 1 0.5 0.5 0.6 0.6 0.7 0.6
F4 0.5 0.2 0.5 1 0.5 0.7 0.8 0.5 0.7
F5 0.4 0.1 0.5 0.5 1 0 0.5 0.6 0.5
F6 0.5 0.4 0.4 0.3 1 1 0 0.8 0.7
F7 0.4 0.4 0.4 0.2 0.5 1 1 0.6 0.8
F8 0.2 0.5 0.3 0.5 0.4 0.2 0.4 1 0.9
F9 1 0.2 0.4 0.3 0.5 0.3 0.2 0.1 1

The permanent SC Resilience improvement index for each expert is included in Table 6.

Table 6. The permanent SC Resilience improvement index for each expert

F1 F2 F3 F4 F5 F6 F7 F8 F9
Expertl 3 3 2 5 5 5 4 5 3
Expert2 3 3 3 4 5 4 5 4 3
Expert3 4 3 3 5 5 4 5 5 2
Expert4 4 5 2 3 4 5 4 3 3
Expert5 5 5 2 5 3 4 3 5 3




Expert6 4 4 4 3 4 3 5 4 4
Expert7 5 4 3 3 3 3 4 5 3
Expert8 5 4 3 2 4 4 3 3 2
Expert9 4 4 4 4 4 5 2 3 4

By converting the digraph presented in Figure 1 to matrix representation, Table 5 and Table 6
are used. Diagonal values of the matrix show expert opinions for each SC Resilience
improvement index. The average of each expert’s pairwise comparisons values is used for the
pairwise comparisons. Table 7 indicates the resilience improvement index of “‘flexibility (F1)”’

based on expert 1.

Table 7. Resilience Improvement Index of ““Flexibility (F1)’’ based on the expert opinion

F1 F2 F3 F4 F5 F6 F7 F8 F9
F1 0 0.6 0.7 0.5 0.6 0.5 0.6 0.8 0
F2 0.4 3 0.5 0.8 0.9 0.6 0.6 0.5 0.8
F3 0.3 0.5 2 0.5 0.5 0.6 0.6 0.7 0.6
F4 0.5 0.2 0.5 5 0.5 0.7 0.8 0.5 0.7
F5 0.4 0.1 0.5 0.5 5 0 0.5 0.6 0.5
F6 0.5 0.4 0.4 0.3 1 5 0 0.8 0.7
F7 0.4 0.4 0.4 0.2 0.5 1 4 0.6 0.8
F8 0.2 0.5 0.3 0.5 0.4 0.2 0.4 5 0.9
F9 1 0.2 0.4 0.3 0.5 0.3 0.2 0.1 3

In order to calculate SC Resilience Improvement Index, matrix representations are used for
factors. Equation 1 is used by converting constructed matrix and then SC Resilience
Improvement Index is found for each factor. Permanent resilience indexes for each factor are
also found similarly. Therefore, the rank of the SC Resilience Improvement Index is indicated

in Table 8.

Table 8. SC Resilience Improvement Index

Data
Flexibility Multi? Adapti_ve Stakehaldgr’s Ngtwm_'k_ ) Nearshoring Awareness_ & Agility _Prg(_iuct.
(F1) sourcing | Capacity Collaboration | Diversification (F6) Technol_oglcal (F8) Prioritisation
(F2) (F3) (F4) (F5) Adaptation (F9)
(F7)
Average | 91473.80 | 83895.01 | 107129.14 87138.01 80583.70 79176.40 85479.11 79136.59 98649.79
Rank 3 6 1 4 7 8 5 9 2

SC Resilience Improvement Index is calculated with Equation 2 in order to assess the
prioritisation of the resilience index. According to the results shown in Table 8, the most
important SC Resilience Improvement factor is considered Adaptive Capacity (F3). After
Adaptive Capacity (F3), Product Prioritisation (F9) and Flexibility (F1) are considered as the

second and third rank, respectively. Then, Stakeholder Collaboration (F4) and Data Awareness




& Technological Adaptation (F7) are followed by Multi-sourcing (F2). Other SC resilience
improvement factors are Network Diversification (F5), Nearshoring (F6) and Agility (F8),

respectively.

As a final stage for the validation of the results, the proposed SC resilience improvement index
and prioritisation of the resilience index are further validated based on semi-structured
interviews with three academics and five industry experts who have researched and experienced
in this field. The academic experts consist of university professors from SC management,
operations management and information technology departments. The industrial experts

include five SC experts from the automotive sector. The results are discussed in the next section.

5. Discussions and Implications

Knowledge-based SCs are SC structures in which information sharing and flow are ensured at
every stage of the SC, and technology is used to achieve this. Supply chains that contain
technology and information flow increase the resiliency of supply chains as they are more
flexible and agile in the face of sudden disruptions (Shishodia et al., 2021). Various factors
must be considered to maintain and enhance their resiliency to provide efficiency in knowledge-
based supply chains. Integrating these factors into information-based supply chains can create
a highly resilient and efficient supply chain process. Thus, the main contribution of this study
is to provide a perspective on enhancing resilience in knowledge-based supply chains by
identifying the significance of key factors that can improve their resilience.

When our results are discussed in relation to other studies, it can be seen that Adaptive Capacity
(F3) is determined as the most important factor for SC resilience improvement in knowledge-
based supply chains. It is also essential to increase resiliency in food SCs, especially in the
distribution stage, during pandemics (Bruckner & Dasaro, 2022). Similar to our study, adaptive
capacity is like managing stocks required by the supply chain, keeping safety stock in sudden
situations, reducing or increasing etc. (Basset et al., 2022; Maharjan and Kato, 2022). Moreover,
in line with the results of our study, according to Rezapour Niari et al. (2022), adaptive capacity
and its management become the most important issue during pandemics to have resilient SC

operations.

Moreover, Product Prioritisation (F9) is determined as the second important factor for SC
resilience improvement in knowledge-based supply chains in our study. According to
researchers (Pina et I., 2022; Lamy et al., 2022), similar to our study, product prioritisation is a

critical factor in having resilient SCs. Moreover, Khan et al. (2022) stated that product



prioritisation is important, especially in sudden situations such as pandemics, as it includes the
analysis of which product is decided to be produced and delivered to the customer with priority.

A third important factor for SC resilience improvement in knowledge-based supply chains is
Flexibility (F1). According to Lusiantoro & Pradiptyo (2022), flexibility is one of the most
critical factors that affect SC resilience improvement. In our study, it is examined as a third
important factor. Moreover, Kamalahmadi et al. (2022) stated that flexibility provides more SC

resilience, especially in disruption times, similar to our study.

There are several implications that can be derived from the results of this study. Theoretical,
managers, policy-makers and practical implications are presented, respectively. As supply
chain structures have become increasingly complex, the demand for knowledge-based
requirements is to be integrated into supply chain management practices. This need stems from
the recognition that a complex understanding of the supply chain is essential to optimise its
performance and ensure its long-term success. Besides, a resilient supply chain is built on strong
relationships among various stakeholders and should be grounded in knowledge. By assessing
the role of knowledge-based supply chain resilience factors, researchers can identify potential
paths for research into the impact of social networks and knowledge flows on supply chain
performance. Evaluation of the importance of knowledge-based supply chain resilience factors
provides a deeper understanding of the complex interactions and relationships within supply
chain consideration. By examining the importance of supply chain resilience factors,
researchers can support the development of more robust supply chain management models. It
is important to analyse and integrate a knowledge-based approach into supply chain

management to achieve these purposes.

Especially in SC resilience issues, the system thinking approach is extremely important in order
to keep it under full control in the process. The system thinking approach offers a holistic
perspective of processes. Supply chain resilience can be viewed as an emergent property of the
complex system arising from the interactions and interdependencies among the various
components of the supply chain. Thus, each critical process for achieving supply chain
resilience should be handled holistically, and therefore resilience should be increased

theoretically with a system approach.

System thinking and solutions should be promoted by businesses to increase collaboration
among suppliers, employees, customers, and different stakeholders. Companies can boost their
resilience by collaborating with various stakeholders. Moreover, businesses should ensure

effective relationships and should investigate resources for their business that can be accessed



from other organisations during uncertain times. Effective planning and management are also
important to provide collaboration. Thus, collaborations between stakeholders can be

considered a key concept to making supply chains more resilient.

Resilience is mainly based on providing different alternative ways and reacting rapidly to
disruptive situations. Adaptive capacity is a significant resilience improvement factor to
increase resilience in the supply chain. Thus, businesses should provide strategic adaptive
strategies since these strategies are crucial to ensure resilience by improving knowledge of
strategic actions. Besides, businesses should make an effective long-term strategic plan for their
capacity to take advantage of opportunities or to provide a quick response. Adaptive capacity
can be increased by supporting learning, and knowledge and developing flexible problem-
solving. Thus, businesses should support effective planning capacity and innovation. Moreover,

employees should be included in the process and motivated.

The second important resilience improvement factor has been found to be product prioritisation.
Businesses should be aware of the organisation's priorities in order to deal with a crisis. Thus,
product prioritising must be clearly defined by predicting minimum business operating
requirements. Thus, investigations organisation's priorities would be following a crisis, clearly
defined at the organisation level, and an understanding of the organisation's minimum operating
requirements. Moreover, cost, quality and process regulations should also be revised in an

integrated manner according to all product prioritisation processes.

The third important resilience improvement factor is flexibility. In order to increase adaptivity,
businesses should design their processes to provide flexibility with the multi-time scale
perspectives in the supply chain. To increase resilience in supply chains, businesses should
develop multiple strategies. In order to create a sustainable business, organisations should
develop measurement techniques and tools for flexibility, adaptation, and other components of

resilience.

As policymakers’ and practical implications, data awareness & technological adaptation are
also significant for improving resilience since it provides enhanced explorations of the new
capabilities and increased flexibility in the entire supply chain. Infrastructure and technologies
investments should support by the governments. Businesses and governments should provide
long-term collaborative solutions for dealing with the uncertain environment to ensure a
sustainable and resilient environment. Digital technologies and their applications should be

adopted to increase readiness in order to adapt to rapidly chaining environments. By



collaborating with institutes, the government should also encourage training, seminars and

education to develop different resilience strategies to deal with unexpected situations.
6. Conclusions

Knowledge-based SCs come to the fore, especially in order to provide resilience in the face of
sudden disruptions in SC. In other words, knowledge-based SCs ensure that information sharing
is done most effectively with the help of emergent technologies in SC processes. It is extremely
important to be aware of SC resilience improvement factors in knowledge-based SCs in order
to keep up with the complex structure in these times when SCs are becoming more complex
and globalised. Therefore, this study aims to determine these SC resilience improvement factors

in knowledge-based SCs and to highlight the importance level of these factors.

As indicated in Table 8, the most critical SC Resilience Improvement factor is Adaptive
Capacity (F3). Product Prioritisation (F9) and Flexibility (F1) have been followed by Adaptive
Capacity (F3). Then, Stakeholder Collaboration (F4) Data Awareness & Technological
Adaptation (F7) is followed by Multi-sourcing (F2). Other SC resilience improvement factors
are Network Diversification (F5), Nearshoring (F6) and Agility (F8), respectively.

As a limitation of this study, although the knowledge-based SC needs to be adopted in
operations, it has been difficult to find an expert on the subject because companies/organisations
do not fully understand this concept and cannot reflect it in their processes. For further research,
the factors discussed in the study may vary within the framework of rapid technological
developments, sudden disruptions and the flexibility of SCs. Moreover, comparative analyses

can be made according to the development levels of countries.
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