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Abstract: The primary goal of this study is to identify and analyse the
interrelationships among supplier development activities (SDAs) with the aim
of step-by-step execution of supplier performance improvement through
supplier development (SD). The interrelationships are identified through
interpretive structural modelling (ISM), and the driving and dependence power
of SDAs are determined using fuzzy matrice d’impacts croisés multiplication
appliquée & un classement (MICMAC) analysis. This approach ensures a
comprehensive and well-rounded understanding of the dynamics involved in
the implementation of SDAs. In total, 25 SDAs are identified through
consultation with experts and a literature review. The identified hierarchy of
SDAs and their categorisation offer valuable insights for planning and
implementing SD in their organisation for managers and decision-making
authorities. The objective and its reliability may be enhanced using a
well-designed and validated questionnaire to handle the biased opinions by a
team of experts.
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1 Introduction

The customers are becoming more demanding, expecting higher performance across
various dimensions such as quality, reliability, flexibility, innovation, environmental
sustainability, and green capability (Li et al, 2022; Patrucco et al., 2022; Sillanpai et al.,
2015; Giacchetta and Marchetti, 2013; Loppacher et al., 2011). The product life cycle is
shorter, requiring organisations to be more responsive and efficient in their
manufacturing processes (Zhang and Li, 2023; Ograh et al., 2023; Zhang et al., 2023).
Due to these various aspects buying organisations are dealing with intensified
competition and rapid technological advancements. Many manufacturing organisations
are responding to these challenges by opting for outsourcing and scaling down their
operations (Holma et al., 2021; Irfan et al., 2023; Bravo et al., 2021; Bhattacharyya and
Guiffrida, 2015; Dou et al., 2014; Gunasekeran and Kobu, 2007). This strategy allows
them to stay competitive and concentrate on their core competencies. There is an
increased emphasis on supplier development (SD) to ensure that suppliers meet the
evolving expectations and requirements of buying organisations. SD becomes crucial in
ensuring that the supply chain (SC) is resilient and aligned with the high standards set by
customers (Merminod et al., 2022; Ferrica and Lind, 2023; Gurcaylilar and Erdogan,
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2023). Additionally, organisations must invest in innovation, technology, and sustainable
practices to meet the evolving demands of the market. Staying ahead in this dynamic
environment requires a holistic approach that addresses not only internal operations but
also the relationships with suppliers and the fulfilment of customer expectations (Ullah
and Narain, 2022; Jia et al., 2022; Ullah et al., 2023; Qi et al., 2015; Sucky and Durst,
2013; Gunasekaran and Kobu, 2007). SD is a collaborative aspect, which fosters stronger
partnerships and a shared commitment to achieving common goals. It goes beyond a
transactional relationship and emphasises a more strategic and cooperative engagement
between the buying organisation and its suppliers.

The observation of this study underscores the strategic importance of SD in
optimising SC dynamics and fostering mutually beneficial relationships between buying
organisations and suppliers. The success stories in premium organisations like Toyota,
Nissan, Sony, Ford, General Motors serve as valuable case studies for others looking to
implement effective SD strategies (Kronemeyer et al., 2022; Hoque, 2022; Dos Santos
et al., 2023; Barnieri et al, 2023; Talluri et al., 2010; Wagner, 2011). Understanding the
sequence of implementation of SDAs is crucial for effective implementation, ensuring
that maximum benefits are achieved for both the buying organisation and the suppliers
(Jaaskeldinen et al., 2022; Patel et al.. 2021; Patrucco et al., 2022; Omurca, 2013; Li
et al., 2012). Additionally, studying the interrelationships among these activities, along
with their driving and dependence power, helps in creating a strategic and coherent
approach. This study of interrelationships amongst SDAs involves recognising which
activities drive others and which activities are dependent on preceding actions. For
example, joint goal setting is a driver for performance measurement, and the results of
performance measurement may drive root cause analysis and subsequent improvement
initiatives. Similarly, technology adoption may be dependent on the supplier’s readiness,
which is influenced by training and development efforts (Prakash et al. 2021; Hong et al.,
2023; Emberson et al., 2022; Flankegard et al., 2023). This generalised framework can be
adapted based on the specific context and industry requirements, but it provides a
structured approach to implementing SDAs and maximising benefits for both parties
involved. This study can obtain a nuanced understanding of the dynamics among SDAs,
identifying key drivers and elements that are more dependent on others through ISM
fuzzy MICMAC approach and the identified interrelationship between SDAs through
literature review and industry expert’s opinion (Warfield, 1974). This information is
invaluable for developing a targeted and effective strategy for enhancing supplier
performance and capabilities.

The remainder of the paper, Section 2 proposes the literature review methodology and
the outcome of literature review. Sections 3 explain integrated ISM and fuzzy MICMAC
methodology followed by results and discussion in Section 4. Section 5 concludes with
conclusion, limitations and future scope.

2 Literature review

2.1 Research methodology for literature review

The primary objective of the literature review is to exhibit and summarise important
SDAs. Only articles specifically published on SD are considered for inclusion in the
literature review. The focus is on articles published in academic databases, including
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Science Direct, Emerald, and Inderscience Journals. The keywords used for the search
are ‘SD’ and ‘vendor development’. The literature review covers articles published from
2002 to the present date. Only international journal articles are selected to serve the
related research communities. Conference articles, master and doctoral dissertations,
textbooks, unpublished articles, and notes are excluded from the review.

This methodology ensures a focused and comprehensive review of relevant literature
on SD activities within the defined parameters (see Figure 1). The exclusion of certain
publication types and the emphasis on international journal articles contribute to
maintaining the academic rigor and relevance of the literature selected.

Figure 1 Research methodology for literature review (see online version for colours)
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Table 1 SD activities

Supplier development
activities (SDAs)

References

Top management support
and commitment

Long-term relationship

Commitment of buyer and
supplier

Long-term contracts

Continuous increase in
volume of outsource work

Purchasing a large
percentage of the suppliers’
annual sales

Supplier recognition and
awards of certificates and
incentives

Relational norms
development

Sharing of operational
knowledge

Regular information sharing

Providing training related to
environmental performance

Providing technical support
and technological assistance

Investment in training of
supplier

Investment in temporary
transfer of persons

Transaction specific
investment

Li et al. (2022), Patrucco et al. (2022), Zhang and Li (2023),
Ograh et al. (2023), Zhang et al. (2023), Dey et al. (2015),
Inemek and Matthyssens (2013), Bai and Sarkis (2011), Li et al.
(2007)

Holma et al. (2021), Irfan et al. (2023), Bravo et al. (2021),
Merminod et al. (2022), Ferreira and Lind (2023), Valtakoski
(2015), Walker and Brammer (2012), Alireza et al. (2010),
Talluri et al. (2010)

Zhang and Li (2023), Ograh et al. (2023), Sanchez-Rodriguez
et al. (2005), Forker and Hershauer (2000)

Resende et al. (2023), Dos et al. (2023), Li et al. (2022), Wei
et al. (2021), Wynstra et al. (2015)

Bravo et al. (2021), Merminod et al. (2022), Omura (2013),
Narasimhan et al. (2001)

Ograh et al. (2023), Gunasekeran et al. (2008), Wagner (2006),
Dyer and Nobeoka (2000)

Jia et al. (2022), Ullah et al. (2023), Kronemeyer et al. (2022),
Hoque (2022),Li et al. (2012), Alireza et al. (2010), Prahinski
and Benton (2004)

Emberson et al. (2022), Johnsen et al. (2022), Flankegard et al.
(2023), Bai and Sarkis (2011)

Jadskeldinen et al. (2022), Patel et al. (2021), Patrucco et al.
(2022), Pedroso et al. (2021), Prakash et al. (2021), Hong et al.
(2023), Bhosale et al. (2018), Zerbini and Borghini (2015),
Sanchez-Rodriguez et al. (2005), Forker and Hershauer (2000),
Humphreys et al. (2004)

Wei et al. (2023), Zhang et al. (2023), Tran et al. (2022), Holma
et al. (2021), Irfan et al. (2023), Bhosale et al., (2020),
Paparoidamis et al. (2019), Rainy et al. (2012), Krause et al.
(2007), Gunasekeran and Ngai (2005)

Lo (2023), Bravo et al. (2021), Merminod et al. (2022),
Govindan et al. (2015), Hashemi et al. (2015), Gurel et al.
(2015), Sancha et al. (2015)

Ograh et al. (2023), Zhang et al., (2023), Holma et al. (2021),
Irfan et al. (2023), Bravo et al. (2021), Khan and Nicholson
(2014), Alireza et al. (2010), Das et al. (2006),
Sanchez-Rodriguez et al. (2005)

Irfan et al. (2023), Das and Senger (2023), Sevinc (2013), Saen
(2007), Das et al. (2006), Humphreys et al. (2004)

Irfan et al. (2023), Bravo et al. (2021), Routroy and Pradhan
(2013), Fu et al. (2012), Li et al. (2007)

Li et al. (2023), Patrucco et al. (2022), Ograh et al. (2023),
Humphreys et al.(2004)
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Table 1

SD activities (continued)

Supplier development activities
(SDAs)

References

Investment in facility development
by providing equipment

Limited investment in number of
suppliers

Frequently visiting supplier site
Joint problem solving approach

Improvement in suppliers present
and future capabilities

Supplier evaluation

Effective feedback and
communication system

Providing support to suppliers in
materials improvement

Involvement of buyer in supplier
activities

Early involvement of supplier or
concurrent engineering

Assisting in work or
documentation

Providing support in material
improvement

Support in market entry for
supplier

Pedroso (2021), Prakash et al. (2021), Flankegard et al.
(2023), Javad et al. (2020), Farzad and Kuwan (2011)

Ullah and Narain (2022), Jia et al. (2022), Ullah et al.
(2023), Mohanty et al. (2014)

Zhang et al., (2023), Holma et al. (2021), Talluri et al.
(2010), Krause et al. (2000)

Hong et al. (2023), Emberson et al. (2022), Chang et al.
(2011), Cristobal (2005), Sanchez-Rodriguez et al. (2005)

Kronemeyer et al. (2022), Hoque (2022), Dos et al.
(2023), Barbieri et al (2023), Shao et al. (2014), Li et al.
(2012), Talluri et al. (2010)

Patrucco et al. (2022), Zhang and Li (2023), Jafarian et al.
(2021), Li et al. (2012, 2007)

Kronemeyer et al. (2022), Hoque (2022), Dos et al.
(2023), Yan and Dooley (2013), Bai and Sarkis (2011),
Wu and Ragatz, (2010)

Ograh et al. (2023), Zhang et al., (2023),
Sanchez-Rodriguez et al. (2005), Forker and Hershauer
(2000)

Pedroso (2021), Prakash et al. (2021), Hong et al. (2023),
Wu and Ragatz (2010)

Zhang and Li (2023), Yoo et al. (2015), Omura (2013), Li
et al. (2007), Sanchez-Rodriguez et al. (2005)

Jia et al. (2022), Ullah et al. (2023), Wagner (2006)

Dos et al. (2023), Li et al. (2007), Wu and Ragatz (2010),
Cristobal (2005)

Flankegard et al. (2023), Javad et al. (2020), Wagner
(2006)
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2.2 Summary of literature review

An extensive literature review is conducted as per the research methodology, and the
summarised literature review is as follows (see Table 1).

3 Integrated ISM and fuzzy MICMAC methodology

This scholarly inquiry delves into the identification of pivotal SDAs via meticulous
scrutiny of existing literature and the discerning evaluation of expert perspectives.
Leveraging the ISM methodology, this research endeavours to unveil the intricate
relationships among SDAs, thereby offering invaluable insights into their
interconnectivity and potential synergistic effects. Furthermore, employing the fuzzy
MICMAC analysis, the study seeks to meticulously scrutinise these factors based on their
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respective roles as drivers or dependencies. Through this rigorous examination, the
factors are methodically categorised into four distinct clusters: autonomous, dependent,
linkage, and independent, thereby providing a nuanced understanding of their hierarchical
structure and operational dynamics. The graphical representation delineating the
procedural framework of the adopted research methodology is depicted in Figure 2.

Figure 2 Research methodology (see online version for colours)

Literature
Review

Identification of Supplier
Development Activities

Fuzzy MICMAC

Contextual Relationship Driving and Dependence Power
and ISM Method by Fuzzy MICMAC Analysis

Results and
Discussion

3.1 ISM methodology and model development

ISM is a methodology designed to study and analyses complex socio-economic systems,
which is particularly useful for representing and understanding intricate interrelationships
between various elements within a system (Sage, 1977). Complex problems are often
decomposed into several subsystems or elements. This decomposition allows for a more
focused and manageable analysis of the overall problem. A multilevel ISM model is
developed to represent the relationships between the decomposed elements (Warfield,
1974). This multilevel structure enables a hierarchical representation of the system,
capturing the interdependencies at different levels.

The decomposition process is typically carried out in consultation with experts from
industries and academia. Involving experts ensures a comprehensive understanding of the
problem and the identification of relevant elements. The resulting ISM diagram visually
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represents the relationships between different elements of the system. This visual
representation aids in conveying the complex interconnections and relationships in a clear
and accessible manner. By breaking down the problem and visually representing its
elements and relationships, ISM facilitates a clearer comprehension of the overall system
(Kant and Singh, 2009).

ISM serves as a powerful analytical tool for tackling complexity and providing a
structured approach to understanding and managing intricate systems. Its ability to
visually represent interrelationships helps stakeholders make informed decisions and
devise effective strategies (see Table 2)

Table 2 ISM as reported in literature

Representative literature Details

Kant and Singh (2009) Contextual relationship amongst variables of knowledge
management

Sharma and Singh (2013)  Identification of individual/group knowledge sharing barriers in
Indian engineering industry

Gorane and Kant (2013) Relationship amongst SC management enablers with driving and
dependence power

Bhosale and Kant (2020)  Developed interrelationship among supply chain knowledge flow

barriers
Patel et al. (2021) Driving and dependence power of circular economy enablers
Ruben et al. (2023) Identification of interrelationship amongst Barriers of industry 4.0

using ISM Fuzzy MICMAC with driving and dependence power

Das and Sengar (2023) Modelling barriers of customer engagement of eHealth in India
using ISM-Fuzzy MICMAC analysis

The steps to be followed in ISM methodology are as follows:

3.1.1 Identification of factors

The identification of elements related to the problem is recognised as a crucial and
foundational step in the ISM method. This step sets the stage for the subsequent analysis
by ensuring a comprehensive and relevant list of factors associated with the problem.
Gathering input from various sources is emphasised to create a well-rounded and
inclusive list of elements. Input may come from experts, stakeholders, literature, or other
relevant sources to ensure a comprehensive perspective. The ultimate goal of this step is
to generate a complete and sufficient list of factors for analysis.

This step also comprises collaborative input and a systematic approach to identifying
relevant factors, is crucial for the success of the ISM analysis. It ensures that the
subsequent modelling and interpretation are built on a robust foundation of elements
relevant to the problem under investigation. The techniques such as brainstorming
sessions or the Delphi method are suggested for finalising the list of factors.

The finalised 25 SDAs for this study are as follows (see Table 3).

3.1.2 Contextual relationship

The primary objective is to understand how the elements are related to each other within
the context of the problem. The focus is on identifying the nature of relationships among
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the elements and determining how each element influences the others. To achieve this
objective, a structural self-interaction matrix (SSIM) is developed. The SSIM captures
the relationships among the elements and provides a structured representation of their
interactions. The development of the SSIM involves a pairwise comparison of elements.
This comparison is conducted to assess the strength and nature of the relationships
between each pair of elements. The SSIM is presented in matrix form, where each
element is compared with every other element. The matrix helps visualise the
interconnections and influences among the identified elements. The SSIM allows for the
identification of the nature of relationships, indicating whether the influence between
elements is positive, negative, or neutral (see Table 4). Positive influences suggest a
promoting relationship, while negative influences suggest inhibiting factors.

Table 3 SD activities (SDAs)

Sr. no. Supplier development activities (SDAs)

SDA 1 Support in market entry for supplier

SDA 2 Long-term contracts

SDA 3 Providing technical support and technological assistance
SDA 4 Assisting in work or documentation

SDA 5 Top management support and commitment

SDA 6 Effective feedback and communication system

SDA 7 Supplier evaluation

SDA 8 Providing training related to environmental performance
SDA 9 Sharing of operational knowledge

SDA 10 Investment in facility development by providing equipment
SDA 11 Regular information sharing

SDA 12 Limited investment in number of suppliers

SDA 13 Continuous increase in volume of outsource work

SDA 14 Joint problem solving approach

SDA 15 Transaction specific investment

SDA 16 Providing support to suppliers in materials improvement
SDA 17 Involvement of buyer in supplier activities

SDA 18 Improvement in suppliers present and future capabilities
SDA 19 Long-term relationship

SDA 20 Commitment of buyer and supplier

SDA 21 Frequently visiting supplier site

SDA 22 Supplier recognition and awards of certificates and incentives
SDA 23 Investment in training of supplier

SDA 24 Purchasing a large percentage of the suppliers’ annual sale

SDA 25 Early involvement of supplier or concurrent engineering

This step is crucial in establishing the structural relationships among the elements,
providing a foundation for subsequent analyses. The SSIM offers a systematic way to
represent and quantify the interactions, helping to uncover patterns and dependencies
within the system
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Table 4 Structural self-interaction matrix
SDE code 25 24 23 5 4 3 2
SDE1 A A \ A A A A
SDE2 \'% A \'% A \% \'%
SDE3 A A \% A X
SDE4 A A \%
SDE21 A A \%
SDE22 A A
SDE23 A A
SDE24 v
SDE25

3.1.3 Rechability matrix

The fundamental principle guiding ISM is the transitivity of contextual relations. This
principle ensures that if there is a relationship between element A and element B, and
another relationship between element B and element C, then it is mandatory that there is
also a relationship between element A and element C. The transitivity property is a key
characteristic of contextual relationships in ISM. It reflects the logical consistency in the
influence or relationship between elements within the system. The reachability matrix
derived from the SSIM follows this fundamental principle of ISM. The transitive
property is adhered to during the derivation process, maintaining the logical flow of
relationships between elements (see Table 5).

Table 5 Initial reachability matrix

SDE code 1 2 3 23 24 25
SDE1 1 0 0 1 0 0
SDE2 1 1 1 1

SDE3 1 0 1 1 0
SDE23 0 0 0 . . .. 1 0 0
SDE24 1 1 1 . e . 1

SDE25 1 0 1 . e .. 1 0 1

By ensuring transitivity, the derived matrix maintains logical consistency in representing
the relationships among the identified elements. This consistency is crucial for the
validity and reliability of the ISM model. The transitivity principle contributes to a
systematic analysis of the relationships between elements, allowing for a clear and
coherent representation (see Table 6).
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Table 6 Final reachability matrix
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The transitivity principle reinforces the reliability and integrity of the ISM model,
ensuring that the relationships identified are logically sound and adhere to a consistent
pattern. This adherence to the transitive property contributes to the robustness of the ISM
analysis, making it a valuable tool for understanding the interconnections among
elements within the system.

Figure 3 ISM-based model of SDAs (see online version for colours)
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Table 7 Level of SDEs
SDE Reachability Antecedent set Intersection Level
code set set
SDEI 1, 14 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 1, 14 IT
15,16, 17,19, 20, 21, 24, 25
SDE2 2 2,5,7,10,20, 24 2 X
SDE3 3,4,9,11,15, 2,3,4,5,6,7,8,9,10,11, 12,13, 15, 20, 3,4,9,11, \'%
16 21,24,25 15,16
SDE4 3,4,9,11,15, 2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 3,4,9,11, \'%
16 16, 20, 21, 24, 25 15,16
SDE 5 5,7 5 5,7 XII
SDE 6 6 2,5,6,7,8,10, 12, 13, 20, 21, 24, 25 6 VI
SDE 7 5,7 7 5,7 XII
SDE 8 8,12,13,21 2,5,7,8,10,12, 13, 20, 21, 24, 25 8,12, 13, VII
21
SDE 9 3,4,9,11,15, 2,3,4,5,6,7,8,9,10,11, 12,13, 15, 16, 3,4,9,11, \%
16 20,21, 24, 25 15,16
SDE 10 10 5,7, 10,20, 24 10 X
SDE 11 3,4,9,11,15, 2,3,4,5,6,7,8,9,10,11, 12,13, 15, 16, 3,4,9,11, \%
16 20, 21, 24, 25 15,16
SDE 12 8,12,13,21 2,5,7,8,10,12, 13, 20, 21, 24.25 8,12, 13, VII
21
SDE 13 8,12,13,21 2,5,7,8,10, 12,13, 20, 21, 24, 25 8,12, 13, VII
21
SDE 14 1,14 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 1,14 11
15,16, 17, 19, 20, 21, 24, 25
SDE 15  3,4,9,11,15, 2,3,4,5,6,7,8,9,10,11, 12,13, 15, 16, 3,4,9,11, A%
16 20, 21, 24, 25 15,16
SDE 16 3,4,9,11,15, 2,3,4,5,6,7,8,9,10,11, 12,13, 15,16, 3,4,9,11, A%
16 20,21, 24, 25 15,16
SDE 17 17 2,3,4,5,6,7,8,9,10, 11, 12, 13, 15, 16, 17 11
17,19, 20, 21, 24, 25
SDE 18 18,22,23 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 18,22,23 1
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25
SDE 19 19 2,3,4,5,6,7,8,9,10, 11, 12, 13, 15, 16, 19 v
19, 20, 21, 24, 25
SDE 20 20, 24 5,7,20,24 20, 24 XI
SDE 21 8,12,13,21 2,5,7,8,10, 12, 13, 20, 21, 24, 25 8,12, 13, VII
21
SDE 22 18, 22,23 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 18, 22,23 I
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25
SDE 23 18, 22,23 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 18,22, 23 I
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25
SDE 24 20, 24 5,7, 20,24 20, 24 XI
SDE 25 25 2,5,7,10,20, 24,25 25 VIII
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3.1.4 Canonical matrix

Elements identified in the earlier steps are arranged based on their assigned levels. Levels
indicate the hierarchical position of each element within the system (see Table 7). The
arrangement of elements based on levels contributes to the creation of the canonical
matrix. In the canonical matrix, diagonal elements represent the levels of the elements,
providing a structured representation. Diagonal elements of the matrix signify the levels
of the elements. Off-diagonal elements represent the direct influences or relationships
between elements. Converting the reachability matrix into a canonical matrix helps
visualise the hierarchical structure of the system. The placement of elements in the matrix
reflects their relative positions in terms of influence and hierarchy.

The canonical matrix provides a clear representation of both the levels of influence
and the relationships between elements. This format enhances the interpretability of the
hierarchical structure of the system. The canonical matrix serves as a foundational
component for creating the final ISM diagram. It encapsulates the key information about
levels, influences, and relationships, which will be translated into the visual
representation. The information from the canonical matrix is used to construct the final
ISM diagram. The ISM diagram visually represents the complex relationships and
hierarchy within the system (see Figure 3).

This step is critical for transforming the analytical data into a visual representation
that stakeholders can interpret easily. The ISM diagram becomes a powerful
communication tool, providing a comprehensive view of the system’s structure and
interdependencies.

3.1.5 Digraph and final structural model

The canonical matrix serves as the basis for drawing a directed graph or digraph. In this
representation, vertices or nodes correspond to the identified elements, and lines or edges
depict the direct influences between these elements. The directed graph provides a visual
representation that makes it easier to interpret the relationships between elements.
Elements and their connections are visually organised, reflecting the hierarchical levels
identified in the canonical matrix. The hierarchical levels of the elements are visually
displayed in the digraph. This visual representation enhances the understanding of the
hierarchical structure within the system.

Through the examination of relationships in the reachability matrix, transitive links
are identified. Transitive links represent indirect influences that need to be scrutinised for
a more accurate depiction of direct influences. Transitive links are then removed to create
a more accurate representation of direct influences. This step ensures that the ISM
diagram focuses on the most direct and significant relationships between elements. The
removal of transitive links contributes to creating a more accurate and streamlined
representation of the system’s structure. The resulting ISM diagram provides a clearer
view of the essential direct influences between elements.

The ISM diagram, with its nodes, edges, and hierarchical levels, becomes a powerful
tool for stakeholders to understand the interconnections and influences within the system.
It aids in decision-making, strategic planning, and problem-solving by offering a visually
intuitive representation of complex relationships.
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This conversion process adds a layer of descriptive clarity to the ISM diagram as
SDA nodes are replaced with statements making it more accessible and meaningful to a
wider audience (see Figure 3).

3.2 ISM Fuzzy MICMAC Analysis

This binary nature of the reachability matrix is a fundamental characteristic of the
traditional ISM approach. It indicates whether there is a direct relationship (1) or no
direct relationship (0) between two SDAs. Convert the binary reachability matrix
obtained from the ISM analysis into a fuzzy reachability matrix. Instead of using binary
values (0 or 1).

In Fuzzy MICMAC analysis, relationships are assigned fuzzy membership values,
indicating degrees of strength or intensity. This fuzzy logic approach enables a more
nuanced understanding of the influence and dependence powers among the elements,
allowing for distinctions between very strong, strong, and less strong relationships. By
incorporating fuzzy logic, the Fuzzy MICMAC analysis addresses the limitation of the
traditional ISM model, providing a more realistic and granular representation of complex
interrelationships. This nuanced view is particularly valuable in systems where
relationships between elements exhibit varying degrees of influence and importance.
Fuzzy MICMAC analysis is a valuable extension that enhances the capabilities of the
ISM model by allowing for a more sophisticated representation of the strengths of
relationships. It provides decision-makers with a richer understanding of the dynamics
within a system, considering the varied intensities of connections among elements. The
fuzzy MICMAC analysis can be elaborated through following steps

3.2.1 Binary direct reachability matrix

The binary direct reachability matrix (BDRM) is a binary matrix that captures the direct
reachability relationships between different components or elements represented by
SDAs in a system. By excluding self-referential relationships, i.e., setting diagonal entries
to zero, the focus is on the direct connections between different elements, providing a
simplified representation of the system’s structure or interconnections. The BDRM is as
follows (see Table 8).

Table 8 Binary direct reachability matrix

SDE code 1 2 3 23 24 25
SDE1 0 0 0 1 0

SDE2 1 0 1 1 1

SDE3 1 0 0 1 0

SDE23 0 0 0 . .. . 0 0 0

SDE24 1

SDE25 1 0 1 1 0 0
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3.2.2 Development of fuzzy direct reachability matrix

The extension of MICMAC analysis using fuzzy set theory involves incorporating
degrees of membership to account for uncertainty and imprecision in the relationships
between system elements. The introduction of a qualitative scale further enhances the
analysis by capturing the intensity or strength of interactions between SDAs in a more
nuanced way (see Table 9).

Table 9 The fuzzy linguistic scale

Linguistic variable Triangular fuzzy number
No influence (no) 0,0, 0)

Very low influence (VL) (0, 0.1, 0.3)

Low influence (L) (0.1, 0.3,0.5)
Medium influence (M) (0.3,0.5,0.7)

High influence (H) (0.5,0.7,0.9)
Very high influence (VH) 0.7,0.9, 1)
Complete influence (C) (1,1, 1)

The fuzzy direct reachability matrix (FDRM) is an enhanced matrix that incorporates
both BDRM and qualitative considerations from experts. This approach allows for a more
refined analysis that considers not only the presence or absence of relationships but also
the qualitative nuances provided by domain experts (see Table 10).

Table 10  Fuzzy direct rechability matrix

SDE code 1 2 23 24 25
SDE1 0 0 0 0.3 0 0
SDE2 0.3 0 0.5 0.1 0 0.9
SDE3 0.5 0 0 0.3 0
SDE23 0 0 0 . . . 0 0 0
SDE24 0.3 0.7 0.5 0.1 0 0.7
SDE25 0.3 0 0.5 0.1 0 0

3.2.3 Fuzzy MICMAC stabilised matrix

This process involves starting with the FDRM, performing fuzzy matrix multiplications
iteratively, and monitoring the driving and dependence powers until they stabilise. This
iterative approach allows for a more refined analysis of the interactions between system
elements, considering both binary and fuzzy information, and incorporating qualitative
considerations from experts. The goal is to capture the nuances and uncertainties in the
relationships between system elements, providing a more accurate representation of the
complex interactions in the system.



Fuzzy MICMAC stabilised matrix

r e e 6 81 91 e 91 £¢r £¢r 9Ll 6 6 £¢€I 9€ £¢r 6 0 66 0 681 £¢r 96 9L nns

91 0 0 60 60 60 0 60 60 60 60 60 60 60 60 60 0 60 60 0 60 0 60 60 0 60 §Tdds
681 60 0 60 60 60 0 60 60 60 60 60 60 0 60 60 60 60 60 0 60 0 60 60 60 60 ycadas
LT 0 0 0 60 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 £24ds
81 0 0 60 0 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 cdas
£¢€1 0 0 60 60 0 0 60 60 60 60 60 60 60 60 60 0 60 60 0 60 0 60 60 0 60 17aas
961 60 Lo 60 60 60 0 60 60 60 60 60 60 60 60 60 60 60 0 0 60 0 60 60 60 60 0cdds
&€ 0 0 Lo Lo 0 0 0 Lo 0 0 0 Lo 0 0 0 0 0 0 0 0 0 €0 0 0 Lo 61dds
LT 0 0 60 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0 0 0 814dsS
4 0 0 Lo Lo 0 0 0 Lo 0 0 0 Lo 0 0 0 0 0 0 0 0 0 S0 0 0 Lo L14dS
801 0 0 60 60 0 0 60 60 60 0 60 60 0 0 60 0 60 0 0 0 0 60 60 0 60 91dds
801 0 0 60 60 0 0 60 60 60 60 0 60 0 0 60 0 60 0 0 0 0 60 60 0 60 S1aas
e 0 0 60 60 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 Lo 0 0 0 ¥1ddas
£¢1 0 0 60 60 60 0 60 60 60 60 60 60 0 60 60 0 60 60 0 60 0 60 60 0 60 €149das
£¢1 0 0 60 60 60 0 60 60 60 60 60 60 60 0 60 0 60 60 0 60 0 60 60 0 60 craas
801 0 0 60 60 0 0 60 60 60 60 60 60 0 0 0 0 60 0 0 0 0 60 60 0 60 11aas
el 60 0 60 60 60 0 60 60 60 60 60 60 60 60 60 0 60 60 0 60 0 60 60 0 60 014as
801 0 0 60 60 0 0 60 60 60 60 60 60 0 0 60 0 0 0 0 0 0 60 60 0 60 64ds
£¢r 0 0 60 60 60 0 60 60 60 60 60 60 60 60 60 0 60 0 0 60 0 60 60 0 60 84ds
L0c 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 0 60 0 60 0 60 60 60 60 L4ds
LLI 0 0 60 60 0 0 60 60 60 60 60 60 0 0 60 0 60 0 0 0 0 60 60 9 60 94ds
£0C 60 60 60 60 60 60 60 60 60 60 60 0 60 60 60 60 60 0 60 0 60 60 60 60 §dds
801 0 60 60 0 0 60 60 60 60 60 60 0 0 60 0 60 0 0 0 0 0 60 0 60 vadas
801 0 60 60 0 0 60 60 60 60 60 60 0 0 60 0 60 0 0 0 0 60 0 0 60 €4ds
91 0 60 60 60 0 60 60 60 60 60 60 60 60 60 0 60 60 0 60 0 60 60 0 60 aas
£ 0 60 60 0 0 0 60 0 0 0 0 0 0 0 0 0 0 0 0 0 €0 0 0 0 1aas
nns Y4 14 14 114 oc 61 81 Ll 91 (74 rl 124 44 11 o1 6 8 L 9 3 4 £ 4 I pod 4dS

M.V. Dalvi et al.

148
Table 11



Unlocking supplier development 149

In the context of obtaining a fuzzy MICMAC stabilised matrix by repeatedly multiplying
the FDRM, these principles ensure that the fuzzy nature of the relationships is
appropriately considered and refined in each iteration, which also follows the fuzzy
matrix multiplication principle. The rule is given below.

C=A,B=Max k[ (min ay, by)]

where A= [aik] and B = [bk;].

By summing the rows and columns of the fuzzy stabilised matrix, which will provide
the insights into the driving and dependence powers of the SDAs in the system. This step
is crucial for identifying the key elements that play influential roles and those that are
more dependent within the analysed system (see Table 11).

4 Findings and discussions

A thorough identification of 25 SDAs through literature review, academic expert
opinions, and insights from industry practitioners is completed in this study. The
interrelations among these SDAs are then analysed using the ISM methodology, a
structured approach that integrates expert judgment to understand the hierarchy with
driving and dependence power using fuzzy MICAMC approach. The hierarchical
structure of the model likely reveals not only the relationships among SDAs but also their
relative importance and dependencies. This structured approach aids in understanding the
systemic nature of the various identified SDAs influencing the system.

Top management support and commitment along with supplier evaluation is
identified as fundamental and basic SDAs. These SDAs are positioned at the top level of
the structural model, indicating their high influence and importance. This suggests that
the success of other SDAs may be contingent on strong support and commitment from
top management and the supplier evaluation indicates the significance of assessing
supplier capabilities as a foundational aspect of the system. At the top of this structural
model, improvement in present and future capabilities of the Supplier suggests a focus on
enhancing and evolving the capabilities of suppliers over a period of time. Investment in
training of supplier emphasises the importance of investing in the training and
development of suppliers. Supplier recognition, awards, certificates, and incentives
reflects the recognition and reward mechanisms for suppliers, reinforcing positive
behaviour and relationship. The model incorporates a depth of 12 hierarchy levels,
indicating a detailed and granular understanding of the relationships and dependencies
among the identified SDAs. Each level likely represents a more detailed aspect or
subcategory of the higher-level SDAs. The top-level placement of fundamental SDAs
suggests that these elements play a foundational role in shaping the success of the overall
system. The outcomes at the first level indicate the desired results or achievements
expected from the implementation of the identified SDAs.

The detailed hierarchy of SDAs, with top management support, commitment, and
supplier evaluation at the highest levels, provides valuable insights into the fundamental
aspects of the system. The expected outcomes at the first level highlight the goals and
anticipated benefits of implementing these SDAs in the context of supplier relationships
and capabilities.
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The commitment of both buyer and supplier, coupled with the practice of purchasing
a significant portion of the supplier’s annual sales, is positioned strategically in the
hierarchy of SDAs. The emphasis on building supplier confidence and faith indicates
recognition of the importance of trust in the step-by-step implementation and success of
SD.

The level three in the hierarchy involves an investment in facility development,
specifically by providing equipment to suppliers. The intended outcome is the
improvement of supplier facilities, and this action is strategically positioned to align with
the expected performance outcomes desired by the buying organisation. The mutual
benefit is highlighted, where the improvement in supplier facilities aligns with the
expected performance outcomes desired by the buying organisation. This emphasises a
win-win scenario for both parties involved. It suggests that the investment and
improvement in supplier facilities are directly related to the performance outcomes
expected by the buying organisation. Performance outcomes may include increased
efficiency, quality, or other key performance indicators that align with the goals of the
buying organisation.

Long-term contracts are placed at level four, suggesting its importance in the
sequence of actions or considerations within the system design. Long-term contracts have
strategic significance as it implies a commitment between the buyer and supplier over an
extended period. This can provide stability, foster a strong relationship, and support
ongoing collaboration. The fifth level in the structural model is indicating that early
supplier involvement is a subsequent consideration following long-term contracts. Early
supplier involvement, also known as concurrent engineering, suggests engaging suppliers
in the design and development phases of a product or project. This can lead to improved
collaboration, reduced lead times, and enhanced product quality. The SDAs at these two
levels reflects a focus on building strong and collaborative relationships with suppliers,
with implications for stability, innovation, and overall system performance.

The SDAs at this fifth level in the hierarchy, including frequent visits to supplier
sites, continuous increase in the volume of outsourced work, limited investment in the
number of suppliers, and training related to environmental performance, collectively
reflect a strategic approach to supplier management. These actions contribute to
relationship-building, efficiency gains, and sustainability considerations within the
broader system design.

An effective communication system is not only internal but may also involve
engaging suppliers in meaningful communication. This engagement can lead to a more
collaborative and mutually beneficial relationship. A very crucial and important SDA,
i.e., effective feedback and communication system is at next level of the hierarchy of the
structural model. Placing effective feedback and communication systems at the next level
in the hierarchy underscores its critical role in the success of the system. This SDA is
likely considered a foundational element for ensuring that the various components of the
system operate cohesively and efficiently.

The various SDAs at the next level include collaboration in creating, organising, or
improving documentation related to work processes. It may involve sharing best
practices, procedures, or other relevant documentation. Providing support in material
improvement indicates a collaborative effort to enhance the quality or characteristics of
materials used in the processes. This could involve joint research, development, or
implementation of improvements in materials. Regular information sharing highlights the
importance of consistent and frequent sharing of information between the buyer and the
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supplier. This can contribute to transparency, alignment of goals, and improved decision-
making. Transaction specific investment implies that investments are made in a targeted
and specific manner, likely to support or optimise particular transactions or aspects of the
business relationship. Providing technical support and technological assistance Indicates
a commitment to providing expertise and assistance in technical matters. This may
involve sharing technical knowledge, providing support for technology implementation,
or collaborating on technological advancements. Sharing of operational knowledge
emphasises the importance of exchanging operational knowledge between the buyer and
supplier. This could involve insights into operational processes, efficiencies, or
improvements. This level in the hierarchy represents a set of sophisticated and strategic
SDAs that go beyond basic collaboration. These activities involve in-depth cooperation,
knowledge exchange, and joint efforts to improve various aspects of the business
relationship between the buyer and supplier.

Figure 4 Clusters of SDAs (see online version for colours)
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The next two levels includes long-term relationship and involvement of buyer in supplier
activities at nine and tenth level. These two levels in the hierarchy of structural model
emphasise the strategic aspects of the buyer-supplier relationship. Long-term
relationships and active involvement in supplier activities signify a commitment to
enduring partnerships, mutual collaboration, and potentially deeper integration in the
operational aspects of the supplier.
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The eleventh level in the hierarchy represents advanced strategic initiatives involving
market support for suppliers and a joint problem-solving approach. These elements are
anticipated to have a profound impact on the final outcomes, emphasising a high level of
collaboration, strategic partnership, and proactive problem resolution within the buyer-
supplier relationship.

Another objective of this study is to determine the driving and dependence power of
finalised SDAs through fuzzy MICMAC analysis, which is a comprehensive approach for
the understanding of dynamics and relationships among SDAs (see Figure 4).

The results of the fuzzy MICMAC analysis have revealed four distinct clusters SDAs
i. e. Autonomous SDAs, dependent SDAs. linkages SDAs and independent SDAs, each
characterised by different levels of driver power and dependence.

4.1 Autonomous SDAs

In this study, there are no SDAs, which come under this category of weak drivers and
weak dependence. The absence of SDAs with weak drivers and weak dependence in the
study’s findings suggests a positive evaluation of all 25 identified SDAs. This implies
that each identified SDA is perceived as important and relevant, contributing to the
overall success and dynamics of the system being studied (see Figure 4).

4.2 Dependent SDAs

Figure 4 also depicts that SDAs namely improvement in supplier’s present and future
capabilities (SDE18), Supplier recognition, awards, certificates and incentives (SDE 22),
investment in training of supplier (SDE23), support in market entry for supplier (SDE1),
joint problem solving approach (SDE14), involvement of buyer in supplier activities
(SDE17), long-term relationship (SDE19), assisting in work documentation (SDE4),
providing support to suppliers in material improvement (SDE16), transaction specific
investment (SDE15), and sharing of operational knowledge (SDE9) these SDAs are
strongly dependent on the others but weak drivers (see Figure 4). SDAs at the top level of
the ISM hierarchy are portrayed as pivotal and indispensable components in the
successful implementation of System Design activities. The strong dependence
underscores their interconnected nature and emphasises the critical role they play in
shaping the overall outcomes of the system design process.

4.3 Linkages SDAs

In our study, there is no SDA comes under this category, this absence of SDAs in this
category has implications for decision-making, indicating that attention may need to be
focused on other aspects of the SDAs to maintain stability and balance within the system.
The absence of SDAs with strong driving power and strong dependence in the study
suggests a balanced and relatively stable set of System Design Artefacts. This
observation has implications for understanding the system’s dynamics, feedback loops,
and the potential impacts of individual SDAs on the overall system stability
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4.4 Independent SDAs

The Figure 4 also shows that SDAs namely supplier evaluation (SDA 7), top
management support and commitment (SDA 5), commitment of buyer and supplier (SDA
20), purchasing a large percentage of the supplier’s annual sale (SDA 24), investment in
facility development by providing equipment (SDA 10), long-term contracts (SDA 2),
early involvement of supplier or concurrent engineering (SDA 25), continuous increase in
volume of outsource work (SDA 13), limited investment in no of suppliers (SDA 12),
providing training related to environmental performance (SDA 8), effective feedback and
communication system (SDA 6) comes under the another a very important cluster, i.e.,
independent cluster having strong driving power but weak dependence.

This emphasises the strategic role of top management and decision-making
authorities in formulating a strategy to address SDAs, with a specific focus on those with
strong driving power. The prioritisation of these influential SDAs reflects an
understanding of their potential impact on the overall success of System Design
Activities and the need for a proactive and targeted approach in managing them.

5 Conclusions

This study underscores the strategic role of outsourcing in response to a changing
business landscape and the critical importance of supplier relationships and development
for a competitive SC. The emphasis on focusing on core competencies and efficient
resource allocation aligns with contemporary business strategies to stay competitive in a
dynamic market

This study recognises the inherent risks and challenges in implementing SDAs and
takes a proactive approach to identify and understand factors that may hinder success.
The combination of literature review, expert opinions, ISM, and fuzzy MICMAC analysis
provides a comprehensive and structured methodology for assessing and addressing the
interrelationships among the identified SDAs.

The study is positioned as a valuable and innovative contribution that goes beyond
theoretical insights. It is expected to have practical implications for industry practitioners
while enhancing the academic understanding of system design. The combination of ISM
fuzzy MICMAC analysis and actionable guidance through the ISM model adds depth and
applicability to the study’s findings.

The fuzzy MICMAC analysis, particularly the categorisation of SDAs by their
driving power, informs a strategic approach for decision-making. The recommendation to
focus efforts on higher driving power SDAs aligns with the goal of maximising impact on
the overall success of SDAs. The combination of ISM and fuzzy MICMAC is positioned
as a powerful framework, offering insights for top management in formulating strategies
and making informed decisions in the context of system design activities.

5.1 Unique contributions of the research

1  Strategic role of outsourcing and supplier relationship management: By aligning with
contemporary business strategies that emphasise core competencies and efficient
resource allocation, the study provides insights into staying competitive in dynamic
markets through strategic outsourcing decisions.
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2 Comprehensive methodology for assessing system design activities (SDAs): The
study offers a proactive approach to identifying and understanding factors that hinder
the success of SDAs, integrating literature review, expert opinions, ISM, and fuzzy
MICMAC analysis to provide a comprehensive and structured methodology.

3 Practical tool for decision-making in system design: Positioned as a valuable
resource for decision-making and classification based on specific needs, this tool
enhances practical implications while providing actionable guidance through the
ISM model, adding depth and applicability to the study’s findings.

5.2 Limitations of the research

1 Despite using structured instruments and questionnaires, the study’s reliance on a
diverse group of industry experts and academicians may still be limited by the
sample size and representation. A larger and more diverse sample could provide a
broader range of perspectives and insights into the topic.

2 While the use of structured instruments enhances objectivity, reliability, and validity,
the generalisability of findings may be constrained by the specific context or industry
focus of the study. Future research could explore different industries or contexts to
assess the transferability of the proposed methodologies.

5.3  Future research directions

1 Comparing the effectiveness of different methodologies for data collection and
analysis, such as structured instruments versus qualitative interviews, could offer
valuable insights into their respective strengths and limitations. This comparative
analysis could inform researchers and practitioners about the most suitable
approaches for similar studies in the future.

2 Extending the research to different geographic regions, industries, or organisational
sizes could help validate the applicability and effectiveness of the proposed
methodologies in diverse contexts. This would enhance the robustness and
generalisability of the findings, providing valuable insights for a broader range of
stakeholders.

References

Alireza, N. and Gianmarco, I. (2010) ‘Outsourcing, complementary innovations and growth’,
Industrial and Corporate Change, Vol. 19, No. 4, pp.1009-1035.

Bai, C. and Sarkis, J. (2011) ‘Evaluating supplier development programs with a grey based rough
set methodology’, Expert Systems with Applications, Vol. 16, No. 11, pp.13505-13517.

Barbieri, P., Dattée, B. and Mahapatra, S. (2023) ‘The paradox of supplier development in
technology-based luxury supply chains’, International Journal of Operations and Production
Management, Vol. 43, No. 11, pp.1723-1756.

Bhattacharya, K. and Guiffridia A. (2015) ‘An optimization framework for improving supplier
delivery performance’, Applied Mathematical Modelling, Vol. 39, No. 13, pp.3771-3783.

Bhosale, V.A. and Kant, R. (2020) ‘Analysing the interrelationship among supply chain knowledge
flow barriers: a DEISMI approach’, Journal of Information and Knowledge Management,
Vol. 19, No. 4, pp.1-28.



Unlocking supplier development 155

Bhosale, V.A., Kant, R. and Goh, M. (2020) ‘Impact of knowledge flows on supply chain
performance: an experiment on four Indian luggage manufacturing firms’, Int. J. Information
and Decision Sciences, Vol. 12, No. 3, pp.270-298.

Bhosale, V.A., Kant, R. and Shankar, R. (2018) ‘Investigating the impact of knowledge flow
enablers on SC performance in Indian manufacturing organizations’, Benchmarking: An
International Journal, Vol. 25, No. 2, pp.426-449.

Bravo, L., Villacrés, J. and Silva, M. (2021) ‘Analysing competing logics towards sustainable
supplier management’, Supply Chain Management: An International Journal, Vol. 27, No. 7,
pp.-49-63.

Chang, B., Chang, C.W. and Wu, C.H. (2011) ‘Fuzzy DEMATEL method for developing supplier
selection criteria’, Expert Systems with Applications, Vol. 38, No. 3, pp.1850—-1858.

Cristobal R., Hemsworth D. and Marinez-Lorente A. (2005) ‘The effect of supplier development
initiatives on purchasing performance: a structural model’, Supply Chain Management: An
International Journal, Vol. 10, No. 4, pp.289-301.

Das, A., Narasimhan, R. and Talluri, S. (2006) ‘Supplier integration-finding an optimal
configuration’, Journal of Operations Management, Vol. 24, No. 5, pp.563-582.

Das, D. and Sengar, A. (2023) ‘Analysis of factors inhibiting the customer engagement of eHealth
in India: modeling the barriers using ISM-Fuzzy MICMAC analysis’, International Journal of
Medical Informatics, Vol. 178, p.105199.

Dey, P.K., Bhattacharya, A. and Ho, W. (2015) ‘Strategic supplier performance evaluation: a case
based action research of UK manufacturing organization’, International Journal of Production
Economics, Vol. 166, pp.192-214.

Dos Santos, L., Holmen, E., Pedersen, A., Mogos, M., Lodgaard, E. and Powell, D. (2023) ‘How
can a buying company develop a Toyota-style supplier network while its lean capabilities are
still evolving?’, International Journal of Lean Six Sigma, https://doi.org/10.1108/1JLSS-11-
.2021-0191

Dou, Y., Zhu, Q. and Sarkis, J. (2014) ‘Evaluating green supplier development programs with a
grey-analytical network process-based methodology’, European Journal of Operational
Research, Vol. 233, No. 2, pp.420-431.

Dyer, J.H. and Nobeoka, K. (2000) ‘Creating and managing a high-performance knowledge-sharing
network: the Toyota case’, Strategic Management Journal, Vol. 21, No. 3, pp.345-367.

Emberson, C., Pinheiro, S.M., and Trautrims, A. (2022) ‘Adaptations to first-tier suppliers’
relational anti-slavery capabilities’, Supply Chain Management: An International Journal,
Vol. 27, No. 4, pp.575-593.

Farzad, B. and Kuan, Y.W. (2011) ‘An investigation and identification of lean supply chain
performance measures in the automotive SMEs’, Scientific Research and Essays, Vol. 6,
No. 24, pp.5239-5252.

Ferreira, C. and Lind, F. (2023) ‘Supplier interfaces in digital transformation: an exploratory case
study of a manufacturing firm and IoT suppliers’, Journal of Business and Industrial
Marketing, Vol. 38, No. 6, pp.1332—1344.

Flankegard, F., Johansson, G. and Granlund, A. (2023) ‘Critical factors for involvement in
customers’ product development: an SME perspective’, Journal of Business and Industrial
Marketing, Vol. 38, No. 13, pp.143—153.

Forker, L.B. and Hershauer, J.C. (2000) ‘Some determinants of satisfaction and quality
performance in the electronic components industry’, Production and Inventory Management
Journal, Vol. 41, No. 2, pp.14-20.

Fu, X., Zhu, Q. and Sarkis, J. (2012) ‘Evaluating green supplier development programs at a
telecommunications systems provider’, International Journal of Production Economics,
Vol. 140, No. 1, pp.357-367.

Giacchetta, C. and Marchetti, B. (2013) ‘Supplier satisfaction survey as a management tool for
reengineering the procurement process’, International Journal of Procurement Management,
Vol. 6, No. 2, pp.170-186.



156 M.V. Dalvi et al.

Gorane, S.J. and Kant, R. (2013) ‘Modelling the SCM enablers: an integrated ISM-fuzzy MICMAC
approach’, Asia Pacific Journal of Marketing and Logistics, Vol. 25, No. 2, pp.263-286.

Govindan, K., Kannan, D. and Haq, A.N. (2010) ‘Analyzing supplier development criteria for an
automobile industry’, Industrial Management and Data Systems, Vol. 10, No. 1, pp.43-62.

Gunasekaran, A. and Kobu, B. (2007) ‘Performance measures and metrics in logistics and supply
chain management: a review of recent literature (1995-2004) for research and applications’,
International Journal of Production Research, Vol. 45, No. 12, pp.2819-2840.

Gunasekaran, A. and Ngai, E.W.T. (2005) ‘Build-to-order supply chain management: a literature
review and framework for development’, Journal of Operations Management, Vol. 23, No. 5,
pp.423-451.

Gunasekaran, A., Lai, K.H. and Cheng, T.E. (2008) ‘Responsive supply chain: a competitive
strategy in a networked economy’, Omega, Vol. 36, No. 4, pp.549-564.

Gurcaylilar-Yenidogan, T. and Erdogan, D. (2023) ‘Opportunism still remained alive: conditional
limits of trust and contract in software projects’, International Journal of Managing Projects
in Business, Vol. 16, No. 2, pp.374—404.

Gurel, O., Acar, A.Z., Onden, I. and Gumus, 1. (2015) ‘Determinants of the green supplier
selection’, Procedia-Social and Behavioral Sciences, Vol. 181, pp.131-139.

Hashemi, S.H., Karimi, A. and Tavana, M. (2015) ‘An integrated green supplier selection approach
with analytic network process and improved Grey relational analysis’, International Journal of
Production Economics, Vol. 159, pp.178-191.

Holma, M., Bask, A., Laakso, A. and Andersson, D. (2021) ‘Conceptualizing the supplier
switching process: an example from public procurement’, Journal of Business and Industrial
Marketing, Vol. 37, No. 7, pp.1530-1541.

Hong, J., Quan, Y., Tong, X. and Lau, K. (2023) ‘A hybrid ISM and fuzzy MICMAC approach to
modeling risk analysis of imported fresh food supply chain’, Journal of Business and
Industrial Marketing, https://doi.org/10.1108/JBIM-11-2022-0502.

Hoque, 1. (2022) ‘Buyer-assisted lean intervention in supplier firms: a supplier development
approach’, Journal of Manufacturing Technology Management, Vol. 33, No. 1, pp.146-168.

Humphreys, P.K., Li, W.L. and Chan, L.Y. (2004) ‘The impact of supplier development on
buyer-supplier performance’, Omega, Vol. 32, No. 2, pp.131-143.

Inemek, A. and Matthyssens, P. (2013) ‘The impact of buyer—supplier relationships on supplier
innovativeness: an empirical study in cross-border supply networks’, Industrial Marketing
Management, Vol. 42, No. 4, pp.580-594.

Irfan, 1., Khurshid, F. and Chan, T. (2023) ‘Learning by supplying to climb the value chain:
suppliers’ transition from B-to-B to B-to-C’, Supply Chain Management: An International
Journal, Vol. 28, No. 4, pp.641-665.

Jadskeldinen, A., Lintukangas, K. and Vos, F. (2022) ‘The role of social capital in achieving
preferred customer status with manufacturing and service suppliers’, International Journal of
Operations and Production Management, Vol. 42, No. 13, pp.385-410.

Jafarian, M., Lotfi, M., and Pishvaee, S. (2021) ‘Supplier switching versus supplier development
under risk: A mathematical modelling approach’, Computers and Industrial Engineering,
Vol. 162, p.107737.

Javad, M., Darvishi, M. and Javad, M. (2020) ‘Green supplier selection for the steel industry using
BWM and fuzzy TOPSIS: A case study of Khouzestan steel company’, Sustainable Futures,
Vol. 2, p.100012.

Jia, M., Hendry, L. and Stevenson, M. (2022) ‘Supplier absorptive capacity: learning via boundary
objects in sustainability-oriented supplier development initiatives’, International Journal of
Operations and Production Management, Vol. 42, No. 8, pp.1173-1199.

Johnsen, T.E., Caniato, F., Meqdadi, O. and Miandar, T. (2022) ‘Swimming against the tide:
supplier bridging roles in diffusing sustainability upstream and downstream in supply
networks’, International Journal of Operations and Production Management, Vol. 42, No. 10,
pp-1605-1629.



Unlocking supplier development 157

Kant, R. and Singh, M.D. (2009) ‘Knowledge management implementation: modelling the
variables’, International Journal of Innovation and Learning, Vol. 6, No. 3, pp.342-361.

Khan, Z. and Nicholson, D. (2014) ‘An investigation of the cross-border supplier development
process: problems and implications in an emerging economy’, International Business Review,
Vol. 23, No. 6, pp.1212-1222.

Krause, D.R., Handfield, R.B. and Tyler, B.B. (2007) ‘The relationships between supplier
development, commitment, social capital accumulation and performance improvement’,
Journal of Operations Management, Vol. 25, No. 2, pp.528-545.

Krause, D.R., Scannell, T.V. and Calantone, R.J. (2000) ‘A structural analysis of the effectiveness
of buying firms’ strategies to improve supplier performance’, Decision Sciences, Vol. 31,
No. 1, pp.33-55.

Kronemeyer, L., Kotzab, H. and Moehrle, G. (2022) ‘Analyzing technological competencies in the
patent-based supplier portfolio: introducing an approach for supplier evaluation using
semantic anchor points and similarity measurements’, International Journal of Operations
AND Production Management, Vol. 42, No. 11, pp.1732-1759.

Li, W., Humphreys, P., Yeung, C. and Cheng, T. (2012) ‘The impact of supplier development on
buyer competitive advantage: a path analytic model’, Int. J. Production Economics, Vol. 135,
pp-353-366.

Li, W., Humphreys, P.K., Yeung, A.C. and Edwin Cheng, T.C. (2007) ‘The impact of specific
supplier development efforts on buyer competitive advantage: an empirical model’,
International Journal of Production Economics, Vol. 106, No. 1, pp.230-247.

Li, X., Wu, Q., Goldsby, T.J., and Holsapple, C.W. (2022) ‘Enduring buyer-supplier relationship
and buyer performance: the mediating role of buyer—supplier dyadic embeddedness and
supplier external embeddedness’, European Journal of Management Studies, Vol. 27, No. 3,
pp.291-316.

Lo, W. (2023) ‘A data-driven decision support system for sustainable supplier evaluation in the
Industry 5.0 era: a case study for medical equipment manufacturing’, Advanced Engineering
Informatics, Vol. 56, p.101998.

Loppacher, J.S., Cagliano., R. and Spina., G. (2011) ‘Key drivers of buyer-supplier relationships in
global sourcing strategies’, International Journal of Procurement Management, Vol. 4, No. 2,
pp-156-180.

Merminod, V., Le Dain, A. and Frank, A. (2022) ‘Managing glitches in collaborative product
development with suppliers’, Supply Chain Management: An International Journal, Vol. 27,
No. 3, pp.348-368.

Mohanty, M.K., Padmabati, G. and Choudhury, S. (2014) “Why most of the supplier development
programs fail in discrete manufacturing-findings from selected Indian discrete manufacturing
industries’, International Journal of Management Science and Engineering Management,
Vol. 9, No. 3, pp.201-211.

Narasimhan, R., Talluri, S. and Mendez, D. (2001) ‘Supplier evaluation and rationalization via data
envelopment analysis: an empirical examination’, Journal of Supply Chain Management,
Vol. 37, No. 2, pp.28-37.

Ograh, T., Ayarkwa, J., Acheampong, A. and Osei-Asibey, D. (2023) ‘Developing green
knowledge toward supplier selection: a green intellectual capital perspective’, Journal of
Public Procurement, Vol. 23, Nos. 3—4, pp.389-415.

Omurca, S. (2013) ‘An intelligent supplier evaluation, selection and development system’, Applied
Soft Computing, Vol. 13, No. 1, pp.690-697.

Panahifar, F., Byrne, P.J. and Heavey, C. (2014) ‘ISM analysis of CPFR implementation barriers’,
International Journal of Production Research, Vol. 52, No. 18, pp.5255-5272.

Paparoidamis, G., Katsikeas, S. and Chumpitaz, R. (2019) ‘The role of supplier performance in
building customer trust and loyalty: a cross-country examination’, Industrial Marketing
Management, Vol.78, pp.183—-197.



158 M.V. Dalvi et al.

Patel, N., Pujara, A., Kant, R. and Malviya, R. (2021) ‘Assessment of circular economy enablers:
Hybrid ISM and fuzzy MICMAC approach’, Journal of Cleaner Production, Vol. 317,
p.128387.

Patrucco, A., Harland, M., Luzzini, D. and Frattini, F. (2022) ‘Managing triadic supplier
relationships in collaborative innovation projects: a relational view perspective’, Supply Chain
Management: An International Journal, Vol. 27, No. 7, pp.108—127.

Pedroso, B., Tate,. L., da Silva, L. and Carpinetti, R. (2021) ‘Supplier development adoption: a
conceptual model for triple bottom line (TBL) outcomes’, Journal of Cleaner Production,
Vol. 314, p.127886.

Prahinski, C. and Benton, W.C. (2004) ‘Supplier evaluations: communication strategies to improve
supplier performance’, Journal of Operations Management, Vol. 22, No. 1, pp.39-62.

Prakash, S., Arora, A., Prakash, C., and Srivastava, A. (2023) ‘Supplier evaluation and selection in
the constrained environment of advance purchasing’, Journal of Global Operations and
Strategic Sourcing, Vol. 16, No. 3, pp.661-682.

Qi, L., Shi, J. and Xu, X. (2015) ‘Supplier competition and its impact on firm’s sourcing strategy’,
Omega, Vol. 55, pp.91-110.

Rainy, X., Peter, K. and Cheng, T. (2012) ‘Socially responsible supplier development: construct
development and measurement validation’, Int. J. Production Economics, Vol. 140, No. 1,
pp-160-167.

Resende, L., Lima-Junior, R. and Carpinetti, R. (2023) ‘Decision-making models for formulating
and evaluating supplier development programs: a state-of-the-art review and research paths’,
Transportation Research Part E: Logistics and Transportation Review, Vol. 180, p.103340.

Routroy, S. and Pradhan, S. (2013) ‘Evaluating the critical success factors of supplier development:
a case study’, Benchmarking: An International Journal, Vol. 20, No. 3, pp.322-341.

Ruben, B., Rajendran, C., Ram, S., Kouki, F., Alshahrani, M. and Assiri, M. (2023) ‘Analysis of
barriers affecting Industry 4.0 implementation: an interpretive analysis using total interpretive
structural modeling (TISM) and Fuzzy MICMAC’, Heliyon, Vol. 9, No. 12, p.e22506.

Saen, R.F. (2007) ‘Suppliers selection in the presence of both cardinal and ordinal data’, European
Journal of Operational Research, Vol. 183, No. 2, pp.741-747.

Sage, A.P. (1977) Interpretive Structural Modelling: Methodology for Large-Scale Systems, ,
pp-91-164, McGraw-Hill, New York, NY.

Sancha, C., Longoni, A. and Gimenez, C. (2015) ‘Sustainable supplier development practices:
Drivers and enablers in a global context’, Journal of Purchasing and Supply Management,
Vol. 21, No. 2, pp.95-102.

Sanchez-Rodriguez, C., Hemsworth, D. and Martinez-Lorente, A.R. (2005) ‘The effect of supplier
development initiatives on purchasing performance: a structural model’, Supply Chain
Management: An International Journal, Vol. 10, No. 4, pp.289-301.

Seving, 1.O. (2013) ‘An intelligent supplier evaluation, selection and development system’, Applied
Soft Computing, Vol. 13, No. 1, pp.690-697.

Shao, W., Chew, E.P. and Lee, L.H. (2014) ‘Impacts of supplier knowledge sharing competences
and production capacities on radical innovative product sourcing’, European Journal of
Operational Research, Vol. 232, No. 1, pp.41-51.

Sharma, B.P. and Singh, M.D. (2013) ‘Modeling individual/group knowledge sharing barriers in
Indian engineering industry—an integrated ISM, AHP and similarity coefficient approach’,
International Journal of Management Science and Engineering Management, Vol. 8, No. 3,
pp-179-198.

Sillanpdd, L., Shahzad, K. and Sillanpda, E. (2015) ‘Supplier development and buyer-supplier
relationship strategies - a literature review’, International Journal of Procurement
Management, Vol. 8, Nos. 1-2, pp.227-250.

Sucky, E. and Durst, S. (2013) ‘Supplier development: current status of empirical research’,
International Journal of Procurement Management, Vol. 6, No. 1, pp.92—-127.



Unlocking supplier development 159

Talluri, S., Narasimhan, R. and Chung, W. (2010) ‘Manufacturer cooperation in supplier
development under risk’, Furopean Journal of Operational Research, Vol. 207, No. 1,
pp.165-173.

Tran, N., Gorton, M. and Lemke, F. (2022) ‘Buyers’ perspectives on improving performance and
curtailing supplier opportunism in supplier development: a social exchange theory approach’,
Industrial Marketing Management, Vol. 106, pp.183—-196.

Ullah, 1. and Narain, R. (2022) ‘Linking supply network flexibility with mass customization
capability’, Journal of Business and Industrial Marketing, Vol. 37, No. 11, pp.2217-2230.

Ullah, S., Jianjun, Z., Hayat, K., Palmucci, N. and Durana, P. (2023) ‘Exploring the factors for
open innovation in post-COVID-19 conditions by fuzzy Delphi-ISM-MICMAC approach’,
European Journal of Innovation Management, https://doi.org/10.1108/EJIM-10-2022-0550.

Valtakoski, A. (2015) ‘Initiation of buyer-seller relationships: the impact of intangibility, trust and
mitigation strategies’, Industrial Marketing Management, Vol. 44, pp.107-118.

Wagner, S.M. (2006) ‘Supplier development practices: an exploratory study’, European Journal of
Marketing, Vol. 40, Nos. 5-6, pp.554-571.

Wagner, S.M. (2011) ‘Supplier development and the relationship life-cycle’, International Journal
of Production Economics, Vol. 129, No. 2, pp.277-283.

Walker, H. and Brammer, S. (2012) ‘The relationship between sustainable procurement and
e-procurement in the public sector’, International Journal of Production Economics, Vol. 140,
No. 1, pp.256-268.

Warfield, J.W. (1974) ‘Developing interconnected matrices in structural modelling’, in [EEE
Transactions on Systems, Man, and Cybernetics, Vol. SMC-4, No. 1, pp.81-87.

Wei, R., Wang, X. and Chang, Y. (2021) ‘The effects of platform governance mechanisms on
customer participation in supplier new product development’, Journal of Business Research,
Vol. 137, pp.475-487.

Wei, X., Wei, Q. and Yang, L. (2023) ‘Induced green innovation of suppliers: the ‘green power’
from major customers’, Energy Economics, Vol. 124, p.106775.

Wau, S.J. and Ragatz, G.L. (2010) ‘The role of integrative capabilities in involving suppliers in new
product development: a knowledge integration perspective’, International Journal of
Manufacturing Technology and Management, Vol. 19, No. 1, pp.82-101.

Wynstra, F., Spring, M. and Schoenherr, T. (2015) ‘Service traids: A research agenda for
buyer-supplier-customer traids in business services’, Journal of Operations Management,
Vol. 35, pp.1-20.

Yan, T. and Dooley, K.J. (2013) ‘Communication intensity, goal congruence, and uncertainty in
buyer—supplier new product development’, Journal of Operations Management, Vol. 31,
Nos. 7-8, pp.523-542.

Yoo, S., Shin, H. and Park, M. (2015) ‘New product development and the effect of
supplier involvements’, OMEGA: The International Journal of Management Science, Vol. 51,
pp-107-120.

Zerbini, F. and Borghini, S. (2015) ‘Release capacity in the vendor selection process’, Journal of
Business Research, Vol. 68, No. 2, pp.405-414.

Zhang, C. and Li, S. (2023) ‘Different forms of supplier involvement, knowledge orchestration
capability, technological uncertainty and new product development performance: a test of
three-way interaction’, European Journal of Innovation Management, https://doi.org/10.1108/
JBIM-08-2022-0400.

Zhang, C., Li, S., Liu, X, and Li, J. (2023) ‘The effect of strategic supply management on
operational and innovation performance: the mediating role of external supply resources
mobilization’, Journal of Business and Industrial Marketing, https://doi.org/10.1108/JBIM-
08-2022-0400.



