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Abstract 

Background: Supply chains are becoming increasingly complex, interconnected, and stake-

holder-intensive, making effective problem formulation as important as identifying opti-

mal solutions. Although problem structuring methods (PSMs) have been widely applied 

in logistics and supply chain management (LSCM), the literature remains fragmented, 

providing limited guidance on selecting appropriate methodologies for different problem 

contexts. Methods: Following the PRISMA guidelines, this review analyzes 187 journal ar-

ticles published between 1997 and 2026. Bibliometric analysis and qualitative synthesis 

were combined to examine the evolution of the field, compare the characteristics and ap-

plications of different PSMs, and identify emerging methodological trends. Results: PSM 

research has grown substantially since 2015, with System Dynamics, Cognitive Mapping, 

and Scenario Planning emerging as the dominant methodologies. The review also identi-

fies a clear shift toward mixed-methodology approaches that integrate PSMs with optimi-

zation, simulation, and multi-criteria decision-making techniques. Stakeholder complex-

ity, uncertainty, and system dynamics were identified as the primary factors influencing 

methodology selection. Conclusions: This study advances theory and practice by develop-

ing an integrated decision-support framework and methodological guidance for selecting 

appropriate PSMs in complex logistics and supply chain environments. The proposed 

framework provides a practical roadmap for diagnosing ill-structured problems and 

choosing suitable problem structuring approaches across diverse supply chain contexts. 

Keywords: problem structuring methods; logistics and supply chain management; system 

dynamics; cognitive mapping; scenario planning; soft systems methodology; systematic 

literature review 

 

1. Introduction 

Recent methodological advances have strengthened the analytical foundations of lo-

gistics and supply chain management (LSCM) research; however, a persistent gap re-

mains between theory and practice [1]. At the same time, supply chains are becoming 

increasingly complex due to sustainability pressures, digital transformation, global dis-

ruptions, and growing interdependencies among supply chain actors [2]. Evidence from 
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LSCM research suggests that theoretical frameworks are not always effectively translated 

into practice [3]. One important reason for this gap is the limited integration of diverse 

stakeholder perspectives during decision-making, particularly in sustainability-oriented 

and inter-organisational supply chains that require coordination among multiple actors 

with potentially conflicting objectives [4,5]. Consequently, many supply chain challenges 

are not merely technical problems but also involve different interpretations of what con-

stitutes the problem itself and how it should be addressed. 

Under such conditions, the effectiveness of purely quantitative approaches may be 

reduced, while the exclusion of key stakeholders can lead to ineffective and inefficient 

supply chain systems [6]. Decisions that fail to capture relevant stakeholder perspectives 

often overlook important operational, social, environmental, and strategic considerations, 

thereby limiting their practical applicability. This highlights the importance of problem 

formulation as a critical stage of decision-making. Accordingly, there is a growing need 

for qualitative and behavioural approaches that can help decision-makers better under-

stand, structure, and define complex problem situations before analytical solutions are 

developed [3]. By incorporating stakeholder perspectives and adopting a more holistic 

understanding of supply chain challenges, researchers and practitioners can improve the 

practical relevance of LSCM decision-making [5,7]. 

The need for such approaches is consistent with the historical development of oper-

ations research (OR). Following World War II, OR methods were successfully applied to 

a wide range of military, industrial, and business problems and became the dominant 

paradigm for decision support [8]. However, Churchman [9]challenged the assumption 

that all problems could be adequately represented through mathematical models and in-

troduced the notion of “messy problems”—situations characterised by uncertainty, in-

complete information, conflicting viewpoints, and ambiguous objectives. Building on 

these ideas, scholars such as Ackoff [10,11], Checkland [12], Eden et al. [13], and Friend 

[14] argued that many real-world organisational problems cannot be addressed effectively 

using conventional hard OR approaches alone [15]. Traditional OR methods generally as-

sume that objectives are clearly defined, the path from the current situation to an im-

proved state is known, and stakeholders largely agree on both the objectives and the 

means for achieving them. In practice, however, at least one of these assumptions is fre-

quently violated [16]. 

These limitations contributed to the emergence of Problem Structuring Methods 

(PSMs), a family of methodologies designed to address ill-structured problems character-

ised by uncertainty, stakeholder diversity, and competing perspectives. Rather than fo-

cusing solely on identifying optimal solutions, PSMs emphasise stakeholder engagement, 

learning, knowledge elicitation, dialogue, and the exploration of alternative problem for-

mulations. Over time, several influential PSMs have emerged, including Soft Systems 

Methodology (SSM), Cognitive Mapping (CM), Fuzzy Cognitive Mapping (FCM), Sce-

nario Planning (SP), Strategic Options Development and Analysis (SODA), System Dy-

namics (SD), Viable System Model (VSM), Robustness Analysis (RA), and Drama Theory 

(DT). Collectively, these approaches provide mechanisms for understanding and struc-

turing complex situations before formal analysis and intervention take place. 

In recent years, the application of PSMs in LSCM has expanded considerably. Previ-

ous studies have successfully employed PSMs to address challenges in renewable energy 

supply chains [17], healthcare logistics [18], software development projects [19], smart lo-

gistics and supply chains [20], and numerous other sustainability, resilience, and digital 

transformation contexts [21]. Furthermore, researchers increasingly combine PSMs with 

optimisation models, simulation approaches, multi-criteria decision-making (MCDM) 

techniques, and other analytical methods, suggesting that problem structuring and quan-

titative modelling should be viewed as complementary rather than competing activities. 
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Despite this growing body of research, the literature remains fragmented across 

methodologies, industries, and application domains. Existing studies typically focus on 

individual methods or specific problem contexts, making it difficult for researchers and 

practitioners to understand how different PSMs compare, under what conditions they 

should be applied, and how they can be integrated with conventional analytical ap-

proaches. Consequently, supply chain managers often lack systematic guidance for select-

ing appropriate methodologies when confronted with ill-structured problems involving 

uncertainty, stakeholder diversity, conflicting objectives, and dynamic interactions. Fur-

thermore, while individual studies demonstrate the value of PSMs, there remains a need 

for a comprehensive synthesis that maps the intellectual foundations of the field, identifies 

methodological trends, compares alternative approaches, and provides practical guidance 

for methodology selection. 

To address this gap, this study conducts a systematic review of PSM applications in 

LSCM based on 187 journal articles published between 1997 and 2026. By combining bib-

liometric analysis with qualitative synthesis, the study examines the evolution of the field, 

identifies its intellectual foundations, evaluates methodological developments, and devel-

ops practical guidance for methodology selection. In particular, the study proposes an 

integrated decision-support framework that assists managers and practitioners in diag-

nosing problem situations and selecting appropriate methodologies based on stakeholder 

characteristics, uncertainty, and system complexity. 

Accordingly, this study seeks to answer the following research questions: 

RQ1. What are the publication patterns, intellectual foundations, and methodological 

trends associated with the application of PSMs in LSCM? 

RQ2. Under what conditions are different PSMs applied in LSCM, and what are their re-

spective strengths and limitations? 

RQ3. How can managers and practitioners systematically diagnose problem situations 

and select appropriate PSMs for addressing ill-structured LSCM challenges? 

This study contributes to the literature in the following ways: 

• It provides a comprehensive systematic review of PSM applications in LSCM based 

on 187 journal articles published between 1997 and 2026. 

• It maps the intellectual structure and evolution of the field through bibliometric anal-

yses, including citation, co-citation, keyword co-occurrence, and collaboration anal-

yses. 

• It synthesises the conditions, strengths, limitations, and application contexts associ-

ated with different PSMs. 

• It develops an integrated decision-support framework that assists managers and 

practitioners in diagnosing problem situations and selecting appropriate methodol-

ogies. 

• It provides practitioner-oriented methodological guidance and identifies promising 

avenues for future research, including methodological integration and emerging 

challenges associated with digital transformation and agentic AI. 

The remainder of this paper is organised as follows. Section 2 presents the theoretical 

background of PSMs and their relevance to LSCM. Section 3 describes the review meth-

odology and data collection procedures. Section 4 presents the bibliometric and qualita-

tive findings, develops the proposed framework, and provides methodological guidance 

for practitioners. Section 5 discusses the limitations of the study. Finally, Section 6 con-

cludes the paper and outlines future research directions. 
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2. Literature Review 

Various problem structuring methods (PSMs) have been employed to address ill-

structured problems in LSCM. In the following sections, we will explore these methods 

and introduce a framework for organising the discussion of different LSCM topics. This 

will help structure the analysis and provide a clear understanding of how PSMs can be 

effectively applied in LSCM contexts. 

2.1. Problem Structuring Methods 

Over the past 50 years, scientists have introduced various methods and methodologies 

to address and improve ill-structured, chaotic, and messy problems. Soft Systems Method-

ology (SSM), Cognitive Map (CM), Scenario Planning (SP), and System Dynamics (SD) have 

been applied across different fields to enhance problem situations. These methodologies are 

often referred to in the literature under terms such as Soft OR, Soft Systems, and PSMs 

[16,22]. Unlike Hard OR methods, which are typically based on mathematical techniques, 

soft system approaches focus on structuring and improving problem situations rather than 

solving them. Hard OR methods generally assume complete rationality, sufficient infor-

mation about objective functions (subject to certain limitations), and a consensus among 

stakeholders on the problem and its resolution. 

Despite significant advancements in Hard OR over the years, including fuzzy pro-

gramming, single-stage and two-stage stochastic programming, robust programming, 

and data-driven programming, which are effective in addressing uncertainty in problem 

parameters, they remain inadequate for dealing with complex and chaotic situations. In 

these cases, not only are the objectives and variables of the problem unknown in advance, 

but the root cause of the problem itself is often unclear. Hard OR assumes that the objec-

tives, variables, and parameters of the problem are already defined, which contrasts with 

the reality of many real-world problems that are far more complex, where factors influ-

encing the situation are difficult to identify, and where setting a clear goal is not immedi-

ately possible. Additionally, Hard OR methods often overlook or underestimate the im-

pact of human and social factors on problem situations. 

To address these challenges, PSMs have been developed to structure and improve 

problem situations while considering the human and social values of the stakeholders 

involved. Today, many scholars in the Hard OR field are leveraging the power of PSMs 

to structure problem situations, engage a diverse range of stakeholders, and reach a con-

sensus, even among those with conflicting viewpoints. The use of PSMs enhances the re-

liability and validity of the outputs from mathematical methods by improving the prob-

lem-structuring process and incorporating stakeholder participation. 

As a result, supply chain (SC) managers must understand the potential of PSMs and 

their applications within LSCM. This study reviews the application of PSMs, including 

CM, Drama Theory (DT), Robustness Analysis (RA), SP, SSM, Strategic Options Develop-

ment and Analysis (SODA), SD, and Viable System Model (VSM), in LSCM. It should be 

noted that certain PSMs, such as Interactive Planning, Strategic Choice Approach, and 

Stakeholder Analysis, were excluded from the study due to the lack of relevant research 

articles in the field of LSCM during initial searches. A brief definition of each PSM used 

in this study is provided in Table 1. 
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Table 1. PSM description. 

Method Description 

CM 

CM, developed by Tolman [23], is a methodology to expose the values and thinking of a person about an 

issue or problem. CMs are considered transitional objects to understand and express the stakeholders’ 

knowledge and opinions regarding a particular situation [24]. 

DT 

DT, the general form of the game theory developed by Howard [25], enables decision-makers to anticipate 

specific dilemmas in a complex situation and provide some insights about how to reasonably change the sit-

uation [26]. 

RA 
RA, offered by Richard Levins and William Wimsatt, is used to analyse the stability of decisions, strategies, 

and potential scenarios in an uncertain future [27]. 

SP 
SP, which Kahn developed in the 1950s [28], can help managers make decisions and take action more agilely 

by creating different courses of action based on potential events and situations [29]. 

SSM 

SSM, proposed by Checkland [30], is a systemic and learning-based methodology that is useful for identify-

ing different stakeholders who contributed to problem situations and structuring ill-structured, complex, 

and messy problems [31]. 

SODA 
SODA was developed by Eden in the 1990s. It is a PSM based on CM methodology. It enables decision-mak-

ers to construct a graphical representation of a problematic situation based on their point of view. 

SD 

SD, developed by Forrester in the 1950s, is a systemic methodology that can extract the cause-and-effect rela-

tionships in complex systems over time [32]. It is helpful to assess the effectiveness of different decisions and 

scenarios through the simulation [33]. It is sometimes used for sensitivity analysis. It is also helpful to model 

behavioural concepts [34]. 

VSM 

VSM, proposed by Beer [35], is a conceptual tool that can help organisations meet the need to survive by 

providing a conceptual model to easily understand the organisation’s structure and redesign it according to 

the complex and ever-changing environment. 

2.2. Logistics and Supply Chain Management 

Logistics and supply chain management (LSCM) operates within increasingly com-

plex, uncertain, and multi-stakeholder environments, where interdependencies, sustain-

ability pressures, and dynamic disruptions shape decision-making processes [36]. Alt-

hough logistics and supply chain management are distinct concepts, the boundaries be-

tween them have become increasingly intertwined in both research and practice. Logistics 

traditionally focuses on the management of material, information, and inventory flows, 

whereas supply chain management adopts a broader perspective encompassing the coor-

dination of organisations, processes, and relationships across the supply network [37,38]. 

Nevertheless, logistics decisions are often influenced by strategic supply chain choices, 

while supply chain strategies are ultimately implemented through logistics activities, cre-

ating strong interdependencies between the two domains. While quantitative and optimi-

sation-based approaches have significantly advanced supply chain design, routing, and 

network configuration, purely technical models often struggle to capture socio-technical 

dynamics, behavioural factors, and conflicting stakeholder interests embedded in real-

world supply chains [39]. The limitations of hard operational research in addressing ill-

structured and context-dependent problems have long been recognised in systems think-

ing literature [9,11,30]. These limitations are particularly salient in LSCM contexts, where 

decision problems are rarely purely computational but instead involve negotiation, inter-

pretation, and coordination among diverse actors. 

In response to such challenges, PSMs emerged within the soft OR tradition to address 

messy problem situations characterised by ambiguity, incomplete information, and mul-

tiple stakeholder perspectives [40,41]. Unlike hard OR methods that seek optimal solu-

tions under predefined parameters, PSMs emphasise participatory engagement, shared 

understanding, and iterative problem framing. Methods such as Soft Systems Methodol-

ogy [30], Strategic Options Development and Analysis [13], and other problem structuring 
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approaches were developed to facilitate dialogue and consensus-building in complex or-

ganisational settings. Over time, these approaches have been increasingly applied in sup-

ply chain and logistics domains where stakeholder alignment and contextual adaptation 

are critical. 

The growing importance of resilience, sustainability, and digital transformation has 

further increased the complexity of LSCM decision-making. Contemporary supply chains 

are increasingly shaped by digital technologies such as blockchain, cloud computing, the 

Internet of Things, digital platforms, artificial intelligence, digital twins, and advanced 

analytics, which enable unprecedented levels of connectivity, visibility, and information 

sharing across supply networks [42,43]. Although these technologies enhance operational 

capabilities and support more informed decision-making, they also create new challenges 

related to data governance, interoperability, cybersecurity, organisational readiness, tech-

nological adoption, and coordination among multiple actors. Consequently, digitalization 

has transformed many supply chain problems into highly interconnected socio-technical 

systems in which technical, organisational, and behavioural considerations must be ad-

dressed simultaneously. 

Recent studies suggest that PSMs can play an important role in supporting decision-

making within such digitalized supply chain environments. For instance, Yousefi and To-

sarkani [44] and Kayikci et al. [45] employed FCM to examine blockchain-enabled sustain-

able supply chain performance and blockchain-based circular supply chains, respectively. 

Similarly, Shokouhyar et al. [46] utilised both FCM and SP to explore alternative develop-

ment scenarios for smart and sustainable supply chains under conditions of technological 

uncertainty. Kochan et al. [47] applied SD to investigate the impact of cloud-based infor-

mation sharing on hospital supply chain performance, while Schuh et al. [48] employed 

VSM to support high-resolution supply chain management based on real-time infor-

mation and self-optimising control loops. Other studies have examined technology-ena-

bled supply chain contexts involving RFID systems, additive manufacturing, e-commerce 

platforms, and digital port logistics through the application of PSMs such as FCM, SODA, 

and SSM [49–52]. Collectively, these studies suggest that digitalization does not eliminate 

the need for problem structuring; rather, it often increases the importance of methodolo-

gies capable of facilitating stakeholder engagement, clarifying problem boundaries, struc-

turing causal relationships, and supporting the formulation of subsequent analytical mod-

els. 

Although prior studies have demonstrated the applicability of PSMs across a variety 

of LSCM contexts, including sustainability, resilience, digitalization, healthcare, manufac-

turing, transportation, and circular supply chains, the existing evidence remains largely 

dispersed across industry-specific applications. Much of the literature documents individ-

ual implementations that emphasise contextual success without systematically comparing 

the suitability of different PSMs across alternative problem environments. As a result, de-

spite growing recognition of the importance of stakeholder engagement, contextual adap-

tation, and digital transformation in modern supply chains, a structured synthesis linking 

specific PSMs to distinct LSCM problem situations remains limited. Addressing this gap 

is particularly important for practitioners seeking guidance on selecting appropriate 

methodologies in increasingly complex, digitalized, and multi-stakeholder supply chain 

environments. 
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3. Methodology 

In this study, a systematic review of published research articles on the application of 

PSMs in LSCM was conducted to determine when and how scholars and practitioners 

utilised the power of PSMs in LSCM areas. The present study was written following the 

guidelines of PRISMA, one of the most widely used reporting checklists. PRISMA is a 27-

item protocol developed to help write systematic review articles in a standardised form 

and structure. The PRISMA protocol is more comprehensive than existing protocols and 

has played a prominent role in standardising and increasing the accuracy and transpar-

ency of review articles in various fields [53]. Therefore, PRISMA was preferred to other 

protocols in this study. 

First, related keywords and their alternatives were identified to achieve the study’s 

objectives. Two complementary sources were used for this purpose: the existing literature 

and expert judgement. Specifically, three highly cited review articles by Schaumann et al. 

[22], Mingers and Rosenhead [54], and Marttunen et al. [55] were examined to identify an 

initial list of problem structuring methods (PSMs) and associated keywords. The prelimi-

nary list was subsequently reviewed by 30 university professors with at least eight years 

of teaching and research experience in PSMs and logistics and supply chain management 

(LSCM). The experts were asked to indicate whether each methodology was relevant to 

LSCM applications and to suggest additional methodologies or keywords that should be 

considered. An open-ended question was included to allow participants to propose fur-

ther methodologies that may have been overlooked during the literature review. 

The results of the expert consultation are summarised in Figure 1, where the reported 

frequencies indicate the number of experts identifying each methodology as relevant to 

LSCM. For example, 23 experts supported the inclusion of the general term “problem 

structuring methods,” while 19 experts identified system dynamics, 18 experts identified 

cognitive maps, 17 experts identified soft systems methodology, and 16 experts supported 

robustness analysis. Experts also suggested several additional methodologies for consid-

eration. However, methods such as the decision-making trial and evaluation laboratory 

(DEMATEL), interpretive structural modelling (ISM), and other analytical approaches re-

ceived little or no support as PSMs and were therefore excluded from the final keyword 

list. The final search strategy was established by combining evidence from the literature 

review with expert feedback, and the resulting set of keywords is presented in Table 2. 

 

Figure 1. Frequency of expert support for PSM-related keywords in LSCM. 
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Notably, the number of published articles on the application of SD in LSCM was 

very high (720 articles in WoS and 747 articles in Scopus). Therefore, SD-related articles 

are limited to articles published from 2015 to 2026 in the International Journal of Produc-

tion Research, European Journal of Operational Research, Journal of Cleaner Production, 

and International Journal of Production Economics to make the review process managea-

ble. The mentioned journals had published the most related articles, and according to the 

Australian Business Deans Council’s (ABDC) ranking system, they have been rated A* or 

A. Table 2 and Figure 2 reported that the search results were 258 articles in WoS and 232 

in Scopus until 2026. In the next step, 128 duplicate articles indexed in both databases were 

removed using EndNote 20, and 61 duplicate articles were manually removed from the 

total number of articles. The next phase of the research began with the remaining 301 ar-

ticles. 

Table 2. Keywords phrase and search results in WoS and Scopus. 

Keyword in Topic Search Term Example WoS Scopus 

Cognitive map and LSCM 
“Cognitive map*” AND (“Supply 

chain*” OR “Logistic*”) 

Cognitive map/Cognitive 

mapping/Fuzzy cognitive 

map 

67 59 

Drama theory and LSCM 
“Drama theory” AND (“Supply chain*” 

OR “Logistic*”) 
Drama theory/Drama/DT 1 3 

Interactive planning and 

LSCM 

“Interactive planning” AND (“Supply 

chain*” OR “Logistic*”) 
Interactive planning/IP 2 2 

Problem structuring meth-

ods and LSCM 

“Problem structuring method*” AND 

(“Supply chain*” OR “Logistic*”) 

PSM/Problem structuring ap-

proach 
8 4 

Robustness analysis and 

LSCM 

“Robustness analysis” AND (“Supply 

chain*” OR “Logistic*”) 
Robustness analysis 16 16 

Scenario planning and 

LSCM 

“Scenario planning” AND (“Supply 

chain*” OR “Logistic*”) 
Scenario planning 37 34 

Soft operational research 

methods and LSCM 

“Soft operation* research” AND (“Sup-

ply chain*” OR “Logistic*”) 
Soft OR 2 1 

Soft Systems Methodology 

and LSCM 

“Soft system* method*” AND (“Supply 

chain*” OR “Logistic*”) 
SSM 7 22 

Strategic Options Develop-

ment Analysis and LSCM 

“Strategic Options Development Analy-

sis” AND (“Supply chain*” OR “Lo-

gistic*”) 

SODA 1 1 

System dynamics and LSCM 
“System dynamic*” AND (“Supply 

chain*” OR “Logistic*”) 
SD 106 78 

Viable system model and 

LSCM 

“Viable system model*” AND (“Supply 

chain*” OR “Logistic*”) 
VSM 11 12 

All above   258 232 

Note: The symbol * denotes a wildcard (truncation) operator used in Web of Science and Scopus 

search queries to retrieve all words sharing the same root. 

The title, abstract, keywords, authors’ names and affiliations, journal name, method-

ology, area of LSCM, and year of publication of the articles were saved in an MS Excel 

spreadsheet. One of the authors and an academic expert with knowledge and experience 

in PSMs and LSCM independently evaluated the articles based on the title, abstract, and 

keywords. The articles that both the author and the academic expert agreed could not 

satisfy the inclusion criteria were eliminated. A discussion was held regarding the articles 

on which the author and the academic expert had different opinions about removing or 

retaining them. Finally, from the total of 301 articles, 114 articles were removed, and the 
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primary bibliographic information of the article was extracted based on the remaining 187 

articles. 

Total identified documents through the 

initial WoS database search on the topic 

(n1 = 258)

Total identified documents through the 

initial Scopus database search on the topic 

(n2 = 232)

Total identified documents through the initial WoS and Scopus databases search on the topic 

(N = 490)

Excluded duplicate articles 

through the software

(n = 128)

Excluded duplicate articles 

manually

(n = 61)

Screened articles based on title and abstract

(N = 301)

Excluded irrelevant articles 

based on title and abstract

(n = 99)

Number of articles assessed for eligibility

(N = 202)

Excluded articles based on 

eligibility criteria

(n = 15)

Total articles included in review

(N = 187)
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Figure 2. PRISMA flow diagram for the bibliometric analysis on the application of PSMs in LSCM. 

4. Results and Discussions 

In Section 4.1, we first discuss the bibliometric analysis of 187 articles filtered by title 

and abstract. Then, in Section 4.2, we summarise the selected articles and analyse the ap-

plications of PSMs in different areas of the LSCM in more detail. 

4.1. Bibliometric Analysis 

This section addresses the first research question by examining how the application 

of PSMs in LSCM has evolved over time and across different research communities. Be-

yond describing publication patterns, the bibliometric analysis is used to uncover the 

methodological development, intellectual foundations, thematic evolution, and geo-

graphical distribution of the field. By combining publication trends, keyword co-occur-

rence, citation analysis, and co-citation networks, the analysis provides insights into how 

PSM research has progressed from early methodological experimentation toward contem-

porary applications in sustainability, resilience, risk management, and digital transfor-

mation. Collectively, these findings help explain not only where PSMs have been applied 

within LSCM, but also how the field has matured and which research streams have ex-

erted the greatest influence on its development. 

4.1.1. Publication Growth and Methodological Trends 

This section examines the evolution of problem structuring methods (PSMs) within 

the logistics and supply chain management (LSCM) literature. The analysis is based on 

187 journal articles that satisfied the inclusion criteria presented in Section 3. Figure 3 il-

lustrates the annual publication trend from 1997 to 2026. Research on PSM applications in 
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LSCM remained relatively limited until 2010, followed by a gradual increase after 2011 

and a pronounced acceleration from 2015 onward. This growth coincides with increasing 

managerial attention to supply chain disruptions, sustainability challenges, stakeholder 

complexity, and decision-making under uncertainty, all of which represent problem con-

texts for which traditional optimisation approaches often provide only partial support. 

The apparent decline in 2025–2026 should be interpreted cautiously, as it reflects incom-

plete publication records at the time of data collection rather than a reduction in scholarly 

interest. 

 

Figure 3. Analysis of publication years in PSMs applications in LSCM areas from 1997 to 2026. 

Table 3 summarises the distribution of publications across different PSMs. System 

Dynamics (SD) emerged as the most frequently applied methodology, accounting for 59 

studies (31.55%), followed by Cognitive Mapping (CM) with 49 studies (26.20%). Scenario 

Planning (SP) and Soft Systems Methodology (SSM) were also widely adopted, represent-

ing 15.51% and 11.23% of the reviewed studies, respectively. In contrast, Drama Theory 

(DT) and Strategic Options Development and Analysis (SODA) received limited attention 

throughout the study period. Beyond their numerical dominance, the growth of SD and 

CM suggests a broader methodological shift within the field. While early studies primar-

ily relied on qualitative problem exploration and scenario-based thinking, more recent 

research increasingly favours approaches capable of capturing feedback structures, causal 

interdependencies, stakeholder perceptions, and dynamic behaviour in complex supply 

chains. The continued expansion of SD and CM therefore reflects the growing need for 

methodologies that support learning, adaptation, and systems-level understanding in in-

creasingly interconnected supply chain environments. 
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Table 3. Distribution of PSM applications in LSCM (1997–2026). 
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CM 0 0 0 0 0 1 0 2 1 2 7 10 13 8 5 49 26.20 

DT 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 3 1.60 

RA 0 0 0 0 1 1 0 0 0 1 1 3 2 3 1 13 6.95 

SP 0 0 0 2 1 0 0 2 1 4 2 5 5 5 2 29 15.51 

SSM 0 1 0 1 0 1 1 2 1 2 3 2 2 3 2 21 11.23 

SODA 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 2 1.07 

SD * * * * * * * * * 5 6 10 12 16 10 59 31.55 

VSM 0 0 0 0 0 0 2 1 2 1 2 0 0 3 0 11 5.88 

Total 1 1 0 3 2 3 3 8 5 16 21 32 34 38 20 187 100 

Note: The symbol “*” denotes that data for SD publications before 2015 are not presented. Given 

the substantial number of SD-related publications (more than 1400), only studies published between 

2015 and 2026 in ABDC A and A* journals were considered in this review. 

Figure 4 illustrates the co-occurrence network of 51 high-frequency keywords (mini-

mum four occurrences) associated with PSM applications in LSCM. Node size reflects 

keyword frequency, link thickness represents co-occurrence strength, and node colour in-

dicates the average publication year of the documents in which each keyword appears. 

As expected, “supply chain management” occupies the central position in the network, 

while “cognitive maps”, “system dynamics”, and “scenario planning” emerge as the most 

prominent methodological themes. The strong connectivity among these keywords con-

firms their central role in structuring and analysing complex supply chain problems. 

The overlay visualisation further reveals the temporal evolution of research themes. 

Earlier studies were primarily associated with methodological and modelling-oriented 

topics such as system dynamics, simulation, logistics, uncertainty, and viable system 

model. Representative examples include studies employing SD to examine supply chain 

dynamics, resilience, and policy interventions. More recent studies increasingly focus on 

sustainability and digitalization-related themes, including circular economy, circular sup-

ply chain, blockchain technology, risk management, and ripple effect. This transition is 

reflected in recent applications of FCM and hybrid PSM approaches to sustainable sup-

plier selection, circular supply chains, blockchain-enabled sustainability assessment, and 

disruption management (e.g., [44,56,57]). Taken together, these patterns suggest that the 

role of PSMs in LSCM has evolved from supporting general system understanding and 

scenario exploration toward addressing interconnected sustainability, resilience, and dig-

ital transformation challenges. Despite this thematic expansion, cognitive mapping and 

system dynamics continue to serve as the principal methodological foundations upon 

which many contemporary applications are built. 
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Figure 4. Overlay visualisation of keyword co-occurrence in PSM applications in LSCM. 

Figure 5 presents the collaboration network among the top 20 countries contributing 

to research on the application of PSMs in LSCM. The density visualisation identifies the 

United Kingdom, China, and Iran as the most productive countries in the field, with 28, 

23, and 20 publications, respectively. The coloured background highlights collaboration 

clusters among countries. Countries enclosed within the same coloured region belong to 

the same collaboration cluster, while the colour intensity gradually increases from blue to 

green, yellow, and red, indicating a higher concentration of collaborative publications 

within that cluster. Portugal forms a separate cluster, suggesting limited collaboration 

with the other leading countries. The United Kingdom occupies the most central position 

within the collaboration network and exhibits strong research linkages with several coun-

tries, particularly the United States, which ranks fourth in publication output. China 

demonstrates extensive collaboration with Germany, while Iranian researchers show the 

strongest connections with neighbouring Turkey. These patterns indicate that knowledge 

development in PSM applications is supported by both international and regional re-

search partnerships. 

Beyond publication volume, the collaboration structure suggests that the field has 

evolved through multiple geographically distributed research communities rather than a 

single dominant research centre. The strong presence of the United Kingdom reflects the 

historical influence of systems thinking and problem structuring traditions, while the 

growing contributions from China and Iran indicate the increasing adoption of PSMs in 

emerging research environments. Collectively, the network highlights the internationali-

sation of PSM research in LSCM and suggests that methodological developments are in-

creasingly being shaped through cross-country collaboration and the exchange of com-

plementary research perspectives. 
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Figure 5. Country collaboration network in PSM applications in LSCM. 

A closer examination of the distribution suggests that PSMs are most frequently ap-

plied in industries where decision-making extends beyond technical and operational con-

siderations to encompass sustainability, resilience, regulatory requirements, and stake-

holder coordination. For example, sustainability-oriented applications are evident in stud-

ies addressing green supplier selection, circular supply chains, and sustainable distribu-

tion networks [44,58], while resilience-related applications have become increasingly 

prominent in response to disruptions and uncertainty [59,60]. Similarly, stakeholder co-

ordination and conflicting objectives frequently motivate the adoption of PSMs in multi-

actor supply chain environments [61,62]. 

The food industry provides a representative example of these challenges. Studies by 

Tavella and Hjortsø [61], Reiner et al. [63], and Taghikhah et al. [64] demonstrate that food 

and agri-food supply chains often involve multiple stakeholders, sustainability pressures, 

quality and safety concerns, and significant uncertainty regarding supply and demand 

conditions. These characteristics make them particularly suitable for problem structuring 

approaches. Similar patterns can be observed in automotive supply chains, where re-

searchers have employed PSMs to address climate-change risks, sustainable supplier se-

lection, resilience, and Industry 4.0 transitions [46,57,65]. Collectively, the evidence sug-

gests that the adoption of PSMs is driven less by industry type itself and more by the 

presence of complexity, uncertainty, and stakeholder diversity within the problem con-

text, as illustrated in Figure 6. 
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Figure 6. PSM applications in different industries. 

4.1.2. Influential Publications and Citation Analysis 

The citation analysis reveals that the most influential publications are concentrated 

around a limited number of methodological and application domains (Table 4). The high-

est-cited studies are not associated with traditional soft systems applications, but rather 

with research addressing sustainability, resilience, and digital transformation challenges. 

For example, Haeri and Rezaei [57] employed FCM to structure the complex causal rela-

tionships underlying green supplier selection, while Yousefi and Tosarkani [44] applied 

FCM to evaluate blockchain-enabled sustainable supply chains. Similarly, Klibi and Mar-

tel [66] used scenario planning to support supply chain risk management and network 

design under uncertainty. The prominence of these studies suggests that the scientific im-

pact of PSMs has been greatest when they are used to structure decision environments 

characterised by uncertainty, interdependence, and competing objectives rather than rou-

tine operational problems. 

Table 4. Most influential studies in PSM applications in LSCM. 

Rank Author Method Application Area Citations 

1 Haeri and Rezaei [57] FCM Green supplier selection 175 

2 Yousefi and Tosarkani [44] FCM Sustainable and blockchain-enabled supply chains 162 

3 Klibi and Martel [66] SP Supply chain risk and network design 127 

4 Behera et al. [67] CM Construction supply chain management 123 

5 Liu et al. [68] CM Maritime supply chain vulnerability analysis 107 

6 Kayikci et al. [45] FCM Blockchain-based circular supply chains 104 

7 Kara et al. [69] SD Climate-related supply chain risk management 96 

8 Pavlov et al. [70] SP + SD Ripple effect and disruption propagation 96 

9 Guarnieri et al. [71] SODA Reverse logistics and e-waste management 88 

10 Mital et al. [72] CM + AHP Supply chain risk assessment 71 

From an application perspective, sustainability-related problems constitute the most 

influential research stream, encompassing green supplier selection, environmental perfor-

mance improvement, circular supply chains, and blockchain-enabled sustainability initi-

atives [44,45,57]. Risk and resilience management represent a second major stream, in-

cluding supply chain vulnerability analysis, disruption propagation, climate-related risks, 

and network design under uncertainty [66,69,70]. Methodologically, FCM is the dominant 

approach among the highly cited studies, followed by SP and SD. This pattern indicates a 
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growing preference for methodologies capable of representing causal relationships, ex-

ploring alternative futures, and supporting strategic learning in complex supply chain en-

vironments. Collectively, the citation structure suggests that the influence of PSMs in 

LSCM has been driven less by methodological innovation alone and more by their ability 

to address emerging sustainability, resilience, and digitalization challenges that conven-

tional analytical approaches often struggle to capture. 

4.1.3. Co-Citation Analysis and Intellectual Foundations 

Co-citation analysis was conducted to identify the intellectual foundations underpin-

ning the application of PSMs in LSCM. Using VOSviewer version 1.6.20, a co-citation net-

work was generated based on a minimum threshold of seven citations per reference. From 

a total of 37,484 cited references, 133 met the threshold and were included in the analysis. 

The resulting network is presented in Figure 7, while the most influential co-cited refer-

ences are summarised in Table 5. 

Table 5. Most influential co-cited references. 

Rank Reference Citations TLS Contribution 

1 Kosko [73] 81 369 
Established FCMs as a framework for modelling causal rela-

tionships under uncertainty 

2 Christopher and Peck [74] 19 164 
Seminal framework for supply chain resilience and vulnerabil-

ity management 

3 Zadeh [75] 23 133 
Introduced fuzzy set theory, providing the theoretical founda-

tion for uncertainty modelling 

4 Axelrod [76] 23 121 
Developed cognitive mapping for representing decision mak-

ers’ mental models and causal reasoning 

5 Ponomarov and Holcomb [77] 15 108 
Extended logistics-oriented applications of systems-based deci-

sion modelling 

6 Özesmi and Özesmi [78] 23 106 
Advanced the application of FCMs for analysing complex 

adaptive systems 

7 Saberi et al. [56] 16 105 
Integrated blockchain technology into sustainable supply chain 

management research 

8 Papageorgiou [79] 13 98 
Contributed computational developments and practical imple-

mentations of FCMs 

9 Chopra and Sodhi [80] 17 96 
Established a widely adopted framework for supply chain risk 

identification and mitigation 

10 Bueno and Salmeron [81] 11 94 
Demonstrated decision-support applications of FCMs in com-

plex managerial environments 

Figure 7 reveals a highly concentrated co-citation structure centred on a small num-

ber of seminal references that have shaped the intellectual development of the field. Dif-

ferent node colours represent distinct co-citation clusters, with each cluster grouping ref-

erences that are more frequently cited together and therefore reflect related research 

themes. The dense connections among the most influential references indicate the exist-

ence of a shared knowledge base linking systems thinking, cognitive mapping, fuzzy 

modelling, and supply chain decision-making. As shown in Table 5, Kosko [73] represents 

the most influential reference in the network, exhibiting substantially higher citation and 

total link strength values than any other study. Other highly connected references include 

Zadeh [75], Axelrod [76], Özesmi and Özesmi [78], Papageorgiou [79], and Bueno and 

Salmeron [81], all of which contributed to the development of cognitive mapping, fuzzy 

reasoning, and causal modelling approaches. The prominence of these references suggests 
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that understanding causal relationships, feedback structures, and uncertainty has become 

a central concern in PSM applications within LSCM. 

 

Figure 7. Co-citation network of referenced works in PSM applications in LSCM. 

In addition to the methodological foundations associated with FCM and fuzzy sys-

tems theory, the network also incorporates influential contributions from the supply chain 

resilience and risk management literature. References such as Christopher and Peck [74] 

and Chopra and Sodhi [80] occupy important positions within the co-citation structure, 

reflecting the increasing use of PSMs to address disruption management, vulnerability 

assessment, and resilience building. Interestingly, classical PSM scholars such as Check-

land, Beer, Eden, and Forrester remain visible within the network but exhibit considerably 

lower citation and link strength values than the dominant FCM-related references. This 

finding suggests that while systems thinking and soft OR traditions provided the concep-

tual foundations for addressing ill-structured problems, the contemporary intellectual 

structure of PSM applications in LSCM has been shaped more strongly by cognitive map-

ping, fuzzy systems theory, and resilience-oriented supply chain research. 

4.2. Qualitative Analysis 

This section addresses RQ2 and RQ3 by examining the conditions under which PSMs 

are appropriate for LSCM problems and by proposing a framework for selecting suitable 

methodologies. A recurring observation across the reviewed studies is that the choice of 

methodology is closely related to the nature of the problem being addressed. While con-

ventional OR techniques are effective when objectives, constraints, and decision criteria 

are clearly defined, many contemporary supply chain challenges involve multiple stake-

holders, conflicting objectives, uncertainty, and evolving system boundaries. In such sit-

uations, problem structuring becomes a prerequisite for meaningful analysis and deci-

sion-making. 

The distinction between well-structured and ill-structured problems therefore pro-

vides an important starting point for methodological selection. Well-structured problems 

are characterised by clearly defined objectives, known solution procedures, and broad 

stakeholder agreement regarding both the problem and the desired outcomes. In contrast, 

ill-structured problems exhibit ambiguity regarding objectives, system boundaries, stake-
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holder preferences, or causal relationships [82]. The reviewed literature provides numer-

ous examples of such conditions. Studies on sustainable supplier selection [57], block-

chain-enabled sustainable supply chains [44], supply chain resilience [59], and agri-food 

systems [61] all demonstrate situations in which uncertainty, stakeholder diversity, and 

conflicting perspectives must first be structured before analytical evaluation becomes pos-

sible. Similarly, recent discussions on supply chain resilience and methodological selec-

tion emphasise that many contemporary LSCM problems evolve dynamically and cannot 

be treated as fully specified optimisation problems [83,84]. 

Based on these observations, Table 6 is proposed as a practical diagnostic tool for 

distinguishing between ill-structured and well-structured LSCM problems. The three 

questions were derived from the recurring characteristics of problem situations identified 

across the reviewed studies. If at least one question receives a “Yes” response, the problem 

exhibits characteristics commonly associated with ill-structured situations and may ben-

efit from the application of PSMs. Conversely, when all responses are “No”, the problem 

is more likely to be well-structured and therefore suitable for conventional hard OR ap-

proaches. Rather than imposing a strict binary classification, the questionnaire should be 

viewed as a heuristic device that helps practitioners assess the extent to which problem 

structuring is required before selecting analytical methods. 

Table 6. A questionnaire to identify ill-structured problems. 

Questions 
Answer 

Yes No 

1. Is there more than one decision-maker or stakeholder with different or conflicting approaches that 

can affect the problem situation? [85,86]. 
  

2. Are there many undetermined important factors or constraints influencing the problem situation? 

[85]. 
  

3. Are the existing mathematical methods ineffective or inefficient in dealing with the problem? [85,87].   

The review further reveals that many contemporary LSCM problems cannot be ade-

quately addressed using a single methodology. In numerous studies, PSMs were first em-

ployed to structure ill-defined problem situations before analytical techniques were used 

to evaluate alternatives or optimise decisions. For example, Roy et al. [88] combined CM 

with DEA, using cognitive mapping to identify and structure decision criteria before con-

ducting quantitative performance evaluation. Similarly, Rezaei et al. [89] integrated SP 

with robust optimisation to support biodiesel supply chain network design under uncer-

tainty, while Dula and Größler [90] combined SD with mathematical modelling to address 

supply chain justice issues. These studies demonstrate that PSMs often act as an upstream 

methodology that transforms ill-structured situations into forms that can subsequently be 

analysed using conventional quantitative techniques. 

A second pattern observed in the literature involves the integration of multiple PSMs 

within the same intervention. Building on the concept of multimethodology proposed by 

Mingers and Brocklesby [91], several studies have shown that combining complementary 

PSMs can enhance problem-solving effectiveness. For example, Ghadge et al. [32], and 

Olivares-Aguila and Vital-Soto [34] reported that integrating multiple PSMs enabled them 

to address different dimensions of complexity, stakeholder concerns, and system interac-

tions that could not be captured by a single methodology alone. Collectively, these find-

ings suggest that methodological pluralism has become a common feature of PSM appli-

cations in LSCM. 

The widespread use of mixed-methodology and multimethodology approaches 

highlights a fundamental challenge faced by managers and practitioners: selecting an ap-

propriate methodology for a given problem situation. Before choosing a specific method, 
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it is necessary to understand the nature of the problem itself. To support this process, the 

questionnaire presented in Table 6 can be used to distinguish between well-structured 

and ill-structured problems. If at least one question receives a positive response, the prob-

lem exhibits characteristics commonly associated with ill-structured situations and may 

benefit from the application of PSMs. Once the need for problem structuring has been 

established, the next step is to determine which methodology is most suitable for the spe-

cific problem context. 

One of the most widely adopted frameworks for this purpose is the System of Sys-

tems Methodologies (SOSM) developed by Jackson [92] and subsequently refined by Jack-

son [93]. As illustrated in Figure 8, SOSM classifies problem situations according to two 

dimensions: system complexity and stakeholder relationships. The vertical axis distin-

guishes between simple, complicated, and complex systems, while the horizontal axis dif-

ferentiates between unitary, pluralist, and coercive stakeholder contexts. The intersection 

of these dimensions generates nine distinct problem situations, providing a structured 

way to diagnose the nature of LSCM challenges. The dashed lines separating adjacent cells 

indicate that the boundaries between problem situations are not absolute and that many 

real-world problems may exhibit characteristics of more than one category. In Figure 8, 

bold text identifies each problem situation, whereas italic text provides a concise descrip-

tion of its key characteristics. 

After identifying the problem situation, Figure 9 can be used to select an appropriate 

methodological response. Jackson [93] argues that different problem contexts require dif-

ferent systemic approaches. Hard systems thinking and conventional OR methods are 

most suitable for relatively simple unitary situations where objectives and stakeholder 

interests are largely aligned. As complexity increases, methodologies such as SD become 

more appropriate because they can represent feedback mechanisms and dynamic interac-

tions. In pluralist contexts, where stakeholders hold different values and perspectives, 

methodologies such as SSM, interactive planning, and other soft systems approaches are 

better suited to facilitating learning, dialogue, and consensus building. As in Figure 8, the 

vertical arrow in Figure 9 represents increasing system complexity, while the dashed cell 

boundaries indicate that methodological recommendations should not be interpreted as 

rigid. Problems located near the boundaries may be addressed effectively using more than 

one methodology or a combination of complementary approaches. In Figure 9, bold text 

denotes the recommended systems methodology, whereas italic text provides representa-

tive examples of each approach. Consequently, Figures 8 and 9 provide a complementary 

diagnostic and selection framework that links problem characteristics to methodological 

choice, thereby helping managers and practitioners select PSMs that are consistent with 

the nature of the challenges they face. 
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Figure 8. SOSM framework for finding out the problem situation [93]. 

 

Figure 9. SOSM framework for selecting the appropriate methodology [93]. 

Building on the diagnostic questionnaire (Table 6) and the SOSM framework (Figures 

8 and 9), Figure 10 presents an integrated decision-support framework to assist managers 

and practitioners in selecting appropriate methodologies for addressing LSCM problems. 

The framework synthesises the main findings of this review by linking problem diagnosis, 

stakeholder characteristics, system complexity, methodology selection, solution evalua-

tion, and implementation within a single process. Rather than prescribing a universal 

methodology, the framework recognises that different problem situations require differ-

ent methodological interventions. 
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Figure 10. Integrated framework for diagnosing problem situations and selecting appropriate meth-

odologies in LSCM. 

The framework begins by assessing whether the problem exhibits characteristics 

commonly associated with ill-structured situations. Three diagnostic questions are used 

to determine whether existing mathematical methods are sufficient, whether multiple 

stakeholders hold different perspectives, and whether important factors and constraints 

remain uncertain or poorly understood. If all responses are negative, the problem can be 

considered sufficiently structured and conventional hard OR approaches may be applied 

directly. However, if at least one question receives a positive response, problem structur-

ing becomes necessary before analytical modelling can be undertaken. This logic is con-

sistent with the reviewed literature, where PSMs were frequently employed as a prelimi-

nary stage before the application of quantitative methods. For example, Roy et al. [88] 

employed CM before DEA, while Rezaei et al. [89] combined SP with robust optimisation 

to address biodiesel supply chain network design under uncertainty. In Figure 10, solid 
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arrows indicate the main decision flow, whereas dashed arrows represent alternative de-

cision paths based on Yes/No responses. Rectangles denote process or assessment steps, 

diamonds indicate decision points or methodological recommendations, and different 

background colours are used only to distinguish functional stages of the framework with-

out implying any methodological hierarchy. 

Once the need for problem structuring has been established, the framework applies 

the SOSM dimensions of stakeholder relationships and system complexity to identify an 

appropriate methodological pathway. Problems characterised by relatively structured re-

lationships and shared objectives may be addressed through SD, whereas highly intercon-

nected and evolving systems may require cybernetics and complexity-based approaches. 

In situations involving multiple stakeholders with different perspectives but where con-

sensus remains achievable, soft systems approaches such as SSM and CM become appro-

priate. Conversely, when stakeholder conflict is substantial and consensus is unlikely, 

emancipatory or postmodern systems thinking approaches may provide more suitable 

interventions. In this way, Figure 10 operationalizes the SOSM principles presented in 

Figures 8 and 9 by translating abstract problem categories into practical methodological 

choices for LSCM applications. 

The logic underlying the framework is consistent with several complementary per-

spectives frequently associated with PSMs. Systems thinking views LSCM problems as 

interconnected socio-technical systems whose behaviour emerges from interactions 

among multiple actors, processes, and environmental conditions rather than from isolated 

components alone [30,93]. Complexity-oriented perspectives further suggest that increas-

ing interdependencies, feedback mechanisms, uncertainty, and dynamic interactions re-

duce the effectiveness of purely reductionist approaches. Stakeholder-oriented perspec-

tives emphasise that organisational problems are often shaped by actors holding different 

objectives, interests, and interpretations of the same situation [94], while decision-making 

research highlights that effective problem solving depends not only on selecting appro-

priate analytical tools but also on correctly framing and structuring the problem itself [82]. 

Collectively, these perspectives explain why different methodologies may be appropriate 

under different conditions of stakeholder diversity, system complexity, uncertainty, and 

problem structure. 

The framework also recognises that methodology selection is rarely the end of the 

intervention process. Consistent with evidence from mixed-methodology and multi-

methodology studies, practitioners may need to combine multiple PSMs or integrate 

PSMs with quantitative techniques to address different dimensions of the same problem. 

The resulting interventions should therefore be evaluated in terms of their logical desira-

bility, cultural feasibility, and stakeholder acceptance before implementation. Following 

implementation, the framework introduces an explicit feedback mechanism by asking 

whether the problem situation has been sufficiently structured and addressed. If the an-

swer is positive, the intervention can be considered complete. If not, the framework rec-

ommends returning to the diagnostic stage and repeating the process. This iterative logic 

reflects the reality that many LSCM problems evolve over time and may reveal previously 

overlooked dimensions once an initial intervention has been completed. 

The reviewed literature provides several examples of such iterative problem-solving 

processes. Pilevari and Shiva [59] employed SSM to structure stakeholder-rich problem 

situations before applying ISM and TOPSIS for subsequent analysis and prioritisation. 

Similarly, Haeri and Rezaei [57] used FCM to structure causal relationships among deci-

sion factors before applying BWM, while Sahebi et al. [56] and Rezaei et al. [89] employed 

SP to structure uncertainty and develop alternative future conditions prior to formulating 

optimisation models. Ghadge et al. [32] further demonstrated the integration of SSM and 

SD to simultaneously address stakeholder-related and dynamic aspects of supply chain 
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risk management. These studies suggest that PSMs frequently serve as an intermediate 

stage in a broader problem-solving process rather than as a standalone intervention. Con-

sequently, movement across different SOSM houses should not be viewed as a limitation 

of the framework but as a natural consequence of the evolving and multifaceted nature of 

ill-structured LSCM problems. 

4.3. Illustrative Applications of the Proposed Framework 

The literature review identified numerous examples illustrating how the proposed 

framework can support methodology selection in different LSCM contexts. Table 7 pre-

sents a representative sample of studies classified according to stakeholder diversity, un-

certainty, the adequacy of hard OR methods, and their corresponding SOSM category. 

Across the reviewed studies, most problem situations were characterised by multiple 

stakeholders, conflicting objectives, high uncertainty, and ambiguous causal relation-

ships. Consequently, the majority were classified within the Complex–Pluralist domain, 

indicating that effective intervention required problem structuring before formal quanti-

tative analysis could be undertaken. 

Figure 10 and Table 7 jointly demonstrate that methodology selection is primarily 

driven by the characteristics of the problem situation rather than by the industry or deci-

sion context. Studies employing SSM, such as Pilevari and Shiva [59], addressed situations 

in which stakeholders held different perspectives regarding sustainability, resilience, and 

operational priorities. In these cases, the principal challenge was not the lack of analytical 

tools but the absence of a shared understanding of the problem. SSM therefore served as 

a mechanism for facilitating stakeholder dialogue and developing a common problem 

definition before subsequent analytical methods were applied. 

Table 7. Illustrative applications of the proposed framework in LSCM. 

Study 
Stakeholder Diver-

sity 
Uncertainty Hard OR Adequate? SOSM Category PSM 

Haeri and Rezaei [57] ✓✓ ✓✓ ✗ Complicated–Pluralist FCM 

Sahebi et al. [56] ✓✓ ✓✓✓ ✗ Complicated–Pluralist SP 

Orji and Liu [95] ✓✓✓ ✓✓✓ ✗ Complex–Pluralist SD 

Rezaei et al. [89] ✓✓ ✓✓✓ ✗ Complicated–Pluralist SP 

Olivares-Aguila and Vital-

Soto [34] 
✓✓✓ 

✓✓✓ 
✗ Complex–Pluralist SD 

Pilevari and Shiva [59] ✓✓✓ ✓✓✓ ✗ Complex–Pluralist SSM 

Yousefi and Tosarkani [44] ✓✓✓ ✓✓✓ ✗ Complex–Pluralist FCM 

Kayikci et al. [45] ✓✓ ✓✓ ✗ Complicated–Pluralist FCM 

Khakdaman et al. [96] ✓✓✓ ✓✓✓ ✗ Complex–Pluralist SD 

Note: Stakeholders and Uncertainty were assessed using the diagnostic questions presented in Ta-

ble 6. ✓ indicates the presence of stakeholder diversity, conflicting perspectives, uncertainty, ambi-

guity, or unclear constraints, while a greater number of checkmarks (✓✓ or ✓✓✓) indicates a higher 

degree of these characteristics. ✗ in the “Hard OR adequate?” column indicates that hard OR meth-

ods alone were inadequate for effectively structuring or addressing the problem situation. 

A different pattern emerges in studies employing FCM. Rather than focusing on 

stakeholder consensus, FCM was typically selected when the primary challenge involved 

understanding complex causal relationships among interconnected factors. Studies such 

as Haeri and Rezaei [57], Kayikci et al. [45], and Yousefi and Tosarkani [44] used FCM to 

structure cause-and-effect relationships before applying decision-making techniques such 

as BWM, AHP, or other MCDM methods. These applications suggest that FCM is partic-
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ularly appropriate for Complicated–Pluralist situations in which stakeholder disagree-

ment exists but the dominant challenge concerns causal complexity rather than stake-

holder conflict. 

Scenario Planning was most frequently applied in situations where uncertainty about 

future conditions represented the central problem. For example, Sahebi et al. [56] and Re-

zaei et al. [89] used SP to develop alternative future scenarios before implementing opti-

misation models. In these studies, uncertainty could not be adequately represented 

through conventional modelling assumptions alone. SP therefore provided a structured 

mechanism for exploring plausible futures and improving the realism of subsequent ana-

lytical models. 

System Dynamics was commonly employed when understanding feedback mecha-

nisms, dynamic interactions, and long-term system behaviour was essential. Studies such 

as Orji and Liu [95], and Khakdaman et al. [96] demonstrate how SD can support the anal-

ysis of disruption propagation, sustainability transitions, and performance evolution in 

complex supply networks. These applications highlight the suitability of SD for situations 

in which system behaviour emerges from interactions among multiple interconnected 

components over time. 

An important observation emerging from the literature is that PSMs rarely function 

as stand-alone methodologies. Instead, they are frequently used as a preliminary problem-

structuring stage that creates the conditions necessary for subsequent quantitative analy-

sis. Several studies combined PSMs with MCDM techniques, optimisation models, simu-

lation approaches, or structural analysis methods. This finding provides empirical sup-

port for the iterative logic embedded in Figure 10, where problem structuring is viewed 

as part of a broader problem-solving process rather than as an end in itself. The reviewed 

evidence suggests that PSMs contribute most effectively when they help transform ill-

structured situations into sufficiently structured problems that can subsequently be ad-

dressed using analytical methods. 

To further assess the practical relevance of the framework, it was independently re-

viewed by two experts with experience in supply chain management and problem struc-

turing methodologies. The experts evaluated the framework with respect to clarity, logical 

consistency, practical applicability, and methodological completeness. Their feedback 

confirmed that the framework provides a coherent and useful approach for diagnosing 

ill-structured LSCM problems and selecting appropriate methodologies. Minor refine-

ments were subsequently incorporated to improve clarity and usability. Although the 

framework has not yet been validated through large-scale empirical implementation, the 

consistency between the framework logic, the reviewed case evidence, and expert feed-

back provides preliminary support for its practical applicability in LSCM contexts. 

4.4. Advantages, Limitations, and Methodological Selection of PSMs in LSCM 

The application of PSMs in LSCM provides organisations with structured approaches 

for addressing ambiguity, stakeholder diversity, uncertainty, and complexity. However, 

no single methodology is universally suitable for all problem situations. Each PSM pos-

sesses distinct strengths and limitations, making it more appropriate for certain types of 

challenges than others. Understanding these differences is essential for selecting method-

ologies that are aligned with the characteristics of the problem being addressed. Table 8 

summarises the main advantages and limitations identified from the reviewed literature. 
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Table 8. Advantages and limitations of PSM applications in LSCM. 

Method Advantages Disadvantages 

CM 

• Exposes stakeholders’ values and thinking about LSCM 

issues. 

• Acts as a transitional object for expressing knowledge 

and opinions. 

• Facilitates understanding of complex stakeholder per-

spectives in LSCM. 

• Potential oversimplification in capturing complex relation-

ships in large supply chains. 

• In some cases, interpretation varied among stakeholders, 

leading to challenges in achieving consensus. 

DT 

• Enables anticipation of dilemmas in complex LSCM situa-

tions. 

• Provides insights into how to navigate and change situa-

tions effectively. 

• Subjectivity in interpreting dilemmas may lead to differing 

perspectives. 

• May not provide concrete solutions to complex LSCM prob-

lems. 

RA 

• Analyses the stability of decisions and strategies in an un-

certain LSCM future. 

• Identifies vulnerabilities, enhancing overall supply chain 

resilience. 

• Requires accurate and comprehensive data for meaningful 

analysis. 

• May not fully capture dynamic changes in the external LSCM 

environment. 

SP 

• Enhances agility in decision-making by creating different 

action scenarios. 

• Enables proactive decision-making based on potential 

LSCM events. 

• The uncertainty associated with predicting the future may 

limit practicality in rapidly changing LSCM markets. 

• Real-world implementation may face challenges due to un-

foreseen events. 

SSM 

• Systemic, learning-based, and problem-solving-oriented 

methodology for structuring ill-structured LSCM prob-

lems, especially at the strategic level of organisations. 

• Identifies diverse stakeholders contributing to complex 

problem situations and facilitates consensus-building, in-

creasing the likelihood of successful implementation. 

• Time-consuming, especially in large LSCM contexts. 

• Achieving consensus among diverse stakeholders can be chal-

lenging and depends on the analyst’s ability to guide stake-

holders toward a common area of interest. 

SODA 

• Integrates CM methodology for constructing graphical 

representations. 

• Facilitates decision-makers in evaluating and selecting 

strategic options in LSCM problems. 

• Relies heavily on the quality of input data, which affects the 

accuracy of representations. 

• May not capture all nuances of complex LSCM decision-mak-

ing. 

SD 

• Extracts cause-and-effect relationships in complex LSCM 

systems over time. 

• Assesses the effectiveness of decisions and scenarios 

through simulation. 

• Supports sensitivity analysis and the modelling of behav-

ioural concepts in LSCM. 

• Requires expertise in modelling and simulation for accurate 

application. 

• The accuracy of predictions depends on the quality and com-

pleteness of the model. Consequently, some studies have 

combined SD with methodologies such as SSM, leading to the 

development of the Soft System Dynamics Methodology 

(SSDM). 

VSM 

• Conceptual tool for understanding and redesigning 

LSCM structures. 

• Helps organisations adapt to complex and continuously 

changing LSCM environments. 

• Implementation may be complex and face resistance in estab-

lished LSCM practices. 

• In some cases, its theoretical nature may provide limited prac-

tical guidance for specific LSCM issues. 

While Table 8 highlights the strengths and weaknesses of individual methodologies, 

practitioners frequently face a more challenging decision in practice: selecting among sev-

eral potentially suitable PSMs for the same problem situation. To address this issue, Table 

9 compares the reviewed methodologies across a set of key decision criteria, including 

stakeholder engagement, consensus building, uncertainty management, dynamic com-

plexity, ease of application, and suitability for different problem contexts. Rather than 

evaluating which methodology is superior, the comparison seeks to identify the types of 

situations for which each methodology is most appropriate. 
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Table 9. Comparative guidance for selecting PSMs in similar LSCM contexts. 

Selection Criterion CM SODA SSM SD SP 

Understanding individual stakeholder perceptions ★★★ ★★ ★★ ★ ★ 

Building stakeholder consensus ★ ★★★ ★★★ ★ ★★ 

Exploring strategic alternatives ★★ ★★★ ★★ ★ ★★★ 

Capturing feedback and dynamic behaviour ★ ★ ★ ★★★ ★★ 

Dealing with long-term uncertainty ★ ★ ★ ★★ ★★★ 

Ease of application by practitioners ★★★ ★★ ★ ★ ★★ 

Time required Low Medium High High Medium 

Recommended for highly pluralist problems Medium High High Low Medium 

Recommended for highly complex systems Low Medium Medium High High 

Note: The star ratings were derived from the comparative analysis of the reviewed studies and re-

flect the relative suitability of each PSM for addressing a particular problem characteristic. ★= low 

suitability, ★★ = moderate suitability, and ★★★ = high suitability. The ratings should be inter-

preted as comparative guidance for methodology selection rather than as definitive performance 

measures. DT, RA, and VSM are not included in the comparative matrix due to their specialised and 

limited application scope within the reviewed literature. Their advantages, limitations, and recom-

mended application contexts are discussed in Table 8. 

The reviewed studies suggest that PSM selection should be driven primarily by the 

dominant characteristics of the problem situation rather than by the industrial sector or 

supply chain function under investigation. For example, CM and FCM-based approaches 

are particularly suitable when the primary objective is to elicit, structure, and analyse 

stakeholder perceptions and causal relationships. Several studies employed FCM as a pre-

liminary problem-structuring stage before implementing MCDM techniques such as 

BWM, AHP, and Fuzzy BWM [45,57,97]. These applications indicate that CM-based ap-

proaches are most valuable when decision-makers need to understand causal interde-

pendencies before evaluating alternatives or prioritising actions. 

In contrast, SSM is more appropriate when multiple stakeholders hold different per-

spectives and a shared understanding of the problem situation must first be developed. 

Applications in fisheries, healthcare, and risk management contexts demonstrate how 

SSM can facilitate stakeholder learning, participation, and consensus building before sub-

sequent analytical methods are applied [59]. These studies suggest that SSM is particularly 

effective when stakeholder complexity rather than technical complexity represents the 

primary challenge. 

The review also reveals important differences among methodologies used to address 

uncertainty and system complexity. SP and SD are both frequently employed in uncertain 

LSCM environments, yet they focus on different dimensions of the problem. SP is most 

suitable when decision-makers need to explore multiple plausible futures and assess the 

implications of alternative scenarios. Studies by Sahebi et al. [56] and Rezaei et al. [89] 

illustrate how SP can structure uncertainty before optimisation models are developed. In 

contrast, SD is more appropriate when the objective is to understand dynamic behaviour, 

feedback loops, and long-term system performance. Applications reported by Orji and 

Liu [95], Olivares-Aguila and Vital-Soto [34], and Khakdaman et al. [96] demonstrate the 

value of SD in analysing interactions among supply chain components and evaluating 

system behaviour over time. Consequently, SP is generally preferable when future uncer-

tainty dominates decision-making, whereas SD is more appropriate when behavioural 

complexity and feedback effects are the primary concerns. 

Other PSMs address more specialised problem contexts. SODA extends the mapping 

capabilities of CM by supporting the generation and evaluation of strategic alternatives 

among stakeholders. DT is particularly useful when tensions, dilemmas, and conflicting 
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stakeholder objectives must be explicitly surfaced and examined. RA assists decision-

makers in evaluating the robustness of decisions under uncertain future conditions, while 

VSM focuses on organisational design, governance structures, coordination mechanisms, 

and long-term system viability. Collectively, these methodologies demonstrate that dif-

ferent PSMs address different dimensions of complexity and should therefore be selected 

according to the dominant characteristics of the problem situation rather than methodo-

logical popularity or familiarity. 

An important insight emerging from the review is that PSMs differ more in the type 

of complexity they address than in their application domain. CM and SSM primarily ad-

dress stakeholder and knowledge complexity, SP focuses on future uncertainty, SD ad-

dresses dynamic complexity and feedback behaviour, while VSM, DT, and RA address 

more specialised organisational and strategic challenges. This distinction helps explain 

why studies increasingly combine multiple methodologies within the same intervention. 

When a problem simultaneously involves stakeholder conflict, uncertainty, and dynamic 

interactions, no single methodology is likely to capture all relevant dimensions effectively. 

Taken together, Tables 8 and 9 and Figure 11 complement the proposed framework 

by providing a second level of methodological guidance. While Figure 10 assists practi-

tioners in determining whether a PSM is required and identifying the broad methodolog-

ical family, Figure 11 supports the selection of the most appropriate PSM when multiple 

alternatives appear suitable. The combined use of these tools can improve methodological 

consistency and increase the likelihood of successfully structuring and addressing com-

plex LSCM problems. 

 

Figure 11. Practitioner-oriented guidance for selecting PSMs in LSCM. 

5. Limitations of the Study 

Despite following PRISMA guidelines and conducting a comprehensive search using 

the Web of Science and Scopus databases, this study is subject to several limitations. First, 

the search strategy relied on keywords appearing in article titles, abstracts, and author- or 

index-provided keywords, while being restricted to English-language journal articles. 
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Consequently, relevant studies may have been excluded if they did not explicitly mention 

the employed PSM in searchable fields or were published in other document types and 

languages. This challenge is particularly relevant in the PSM literature, where different 

authors frequently use alternative terminology for the same methodology (e.g., “opera-

tions research” versus “operational research”, “system dynamics” versus “SD”, or “cog-

nitive mapping” versus “cognitive maps”). To mitigate this limitation, an extensive key-

word development process was conducted using both prior literature and expert consul-

tation, and Boolean operators were employed to capture alternative terminology. Never-

theless, the possibility of omitting relevant studies cannot be completely eliminated. 

Second, the bibliometric findings should be interpreted within the scope of the se-

lected databases and citation records. Although Web of Science and Scopus are widely 

recognised as the most comprehensive sources for high-quality academic publications, 

citation counts, co-citation structures, and collaboration networks may vary across data-

bases and over time. Consequently, the bibliometric patterns identified in this study 

should be viewed as indicative of the current intellectual structure of the field rather than 

as definitive representations of all PSM-related research in LSCM. 

Third, the classification of studies into different SOSM categories and problem con-

texts inevitably involves a degree of researcher judgement. Although the proposed classi-

fication framework was applied systematically and supported by explicit diagnostic cri-

teria, some reviewed studies exhibited characteristics associated with multiple problem 

situations simultaneously. As a result, the assigned classifications should be interpreted 

as representing the dominant characteristics of each study rather than rigid categoriza-

tions. 

Finally, while the proposed framework was reviewed by experts and supported 

through illustrative applications derived from the literature, its validation remains pre-

liminary. The objective of this study was to develop a theoretically grounded and evi-

dence-informed framework based on a comprehensive review of existing research. Future 

studies could strengthen its validation through Delphi studies, practitioner assessments, 

multiple case studies, or longitudinal implementations in real-world supply chain set-

tings. Such investigations would provide additional evidence regarding the framework’s 

practical effectiveness and generalizability across different industrial contexts. 

Notwithstanding these limitations, the final dataset of 187 studies represents one of 

the most comprehensive reviews of PSM applications in LSCM to date. The combination 

of systematic review procedures, bibliometric analysis, qualitative synthesis, and frame-

work development provides a robust foundation for advancing both research and practice 

in the application of PSMs to complex supply chain challenges. 

6. Conclusions and Future Research Directions 

Over the past three decades, supply chains have evolved from relatively stable oper-

ational systems into highly interconnected socio-technical networks characterised by un-

certainty, stakeholder diversity, sustainability pressures, digital transformation, and fre-

quent disruptions. As these challenges have intensified, the limitations of relying exclu-

sively on quantitative and optimisation-based approaches have become increasingly ap-

parent. Against this backdrop, this study reviewed the application of PSMs in LSCM 

through a systematic analysis of 187 journal articles published between 1997 and 2026. By 

combining bibliometric analysis, qualitative synthesis, methodological comparison, and 

framework development, the study provides a comprehensive understanding of how 

PSMs have been used to structure, understand, and improve complex supply chain prob-

lem situations. 

The findings reveal a clear evolution in the role of PSMs within LSCM. Initially ap-

plied in a limited number of studies, PSMs have gained significant momentum since 2015 
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as researchers increasingly recognised the importance of addressing uncertainty, stake-

holder diversity, and system complexity before attempting formal analysis. SD, CM/FCM, 

and SP emerged as the most widely adopted methodologies, while recent research has 

increasingly focused on sustainability, resilience, circular economy, blockchain-enabled 

supply chains, and digital transformation. More importantly, the review demonstrates 

that PSMs are not merely alternative methodologies but complementary approaches that 

help decision-makers understand and structure problems before quantitative tools are ap-

plied. 

The qualitative analysis further showed that different PSMs address different dimen-

sions of complexity. While SSM is particularly effective for stakeholder engagement and 

consensus building, CM and FCM support causal exploration and knowledge elicitation, 

SP facilitates the exploration of uncertain futures, and SD enables the analysis of feedback 

structures and dynamic system behaviour. Building on these insights, this study proposed 

an integrated decision-support framework that assists managers and practitioners in di-

agnosing problem situations and selecting appropriate methodologies. The framework is 

complemented by comparative methodological guidance and a practitioner-oriented se-

lection tool, thereby translating abstract systems concepts into practical decision-support 

mechanisms. 

A further insight emerging from the review concerns the methodological flexibility 

of PSMs in addressing complex LSCM challenges. As illustrated in Figure 12, PSMs are 

not employed solely as standalone methodologies but are frequently used in combination 

with other PSMs and complementary analytical approaches. This pattern reflects the 

recognition that different problem situations often require different forms of intervention 

and that no single methodology is capable of addressing all dimensions of complexity 

simultaneously. Consequently, researchers increasingly adopt mixed-methodology and 

multimethodology designs that combine the strengths of stakeholder engagement, prob-

lem structuring, causal exploration, scenario development, optimisation, simulation, and 

decision analysis. These developments reinforce the view that the value of PSMs lies not 

only in their individual application but also in their ability to function as integrative plat-

forms within broader decision-support processes, enabling more comprehensive and con-

text-sensitive responses to complex supply chain problems. 

 

Figure 12. Use of PSMs in single, mixed, and multimethodology forms. 

Looking forward, several opportunities exist for advancing both theory and practice. 

The proposed framework should be further validated through Delphi studies, practitioner 

assessments, multiple case studies, and longitudinal implementations across different in-
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dustrial settings. Future research should also continue exploring how PSMs can be inte-

grated with optimisation, simulation, MCDM, and data-driven approaches to address 

multiple dimensions of complexity simultaneously. Particular attention should be given 

to emerging contexts such as renewable energy supply chains, circular supply chains, 

healthcare systems, and disruption-prone logistics networks, where uncertainty and 

stakeholder diversity remain dominant challenges. 

Perhaps the most promising research frontier lies in the emergence of agentic AI and 

autonomous decision-making systems. As supply chains increasingly adopt AI-enabled 

planning, forecasting, procurement, coordination, and operational decision-making tech-

nologies, new forms of complexity are beginning to emerge. The challenge is no longer 

limited to optimising supply chain decisions but also involves determining how AI should 

participate in those decisions, how responsibilities should be allocated between humans 

and intelligent systems, and how potentially conflicting stakeholder perspectives regard-

ing transparency, governance, accountability, and trust can be reconciled. In this context, 

PSMs may play an increasingly important role by helping organisations structure AI-re-

lated problem situations, facilitate dialogue among diverse stakeholders, build consensus 

regarding implementation strategies, and support the responsible digital transformation 

of supply chains. Consequently, the intersection between PSMs, digital transformation, 

and agentic AI represents a particularly promising avenue for future research. 

Overall, this review demonstrates that the value of PSMs extends far beyond problem 

formulation alone. By enabling organisations to understand complexity, reconcile diverse 

stakeholder perspectives, and structure uncertainty before action is taken, PSMs provide 

an essential complement to conventional analytical approaches. As supply chains con-

tinue to become more interconnected, dynamic, and technology-driven, the ability to 

structure problems effectively may become as important as the ability to solve them. 
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