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The study examines the profound transformation in supply chain management driven by 

technological advancements, emphasizing the emergence of dynamic supply chain 

capabilities and the critical role of information integration in the digital supply chains of the 

future. It aims to explore how these dynamic capabilities and seamless information flow 

contribute to the configuration of digital supply chains. 

The Delphi method is applied to investigate future developments in digital supply chains. 15 

supply chain management experts participate in two rounds of Delphi questionnaires, 

addressing probability and criticality related to future events as well as solutions for 

achieving the future events. This approach aims to gain consensus among panelists 

contributing to a comprehensive understanding of digital supply chain configuration. 

The study found that information integration is crucial for enhancing decision-making 

capabilities, such as real-time visibility and resource allocation. Proactive anticipation and 

response to disruptions are vital for maintaining competitiveness. Digital supply chain 

integration is essential for long-term viability and sustainability. 

In conclusion, to stay competitive in the evolving landscape of digital supply chains, 

organizations must adopt a comprehensive strategy that emphasizes dynamic capabilities, 

information integration, technological investments, and proactive responses to disruptions, 

while focusing on sustainability and resilience. This research highlights the critical role of 

integrating dynamic capabilities and information for configuring digital supply chains. Such 

integration ensures these supply chains are competitive, sustainable, and resilient. 
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Tutkimus tarkastelee teknologisten edistysaskelten aiheuttamia muutoksia toimitusketjujen 

hallinnassa, korostaen dynaamisten kyvykkyyksien ja informaatiointegraation kriittistä 

roolia tulevaisuuden digitaalisissa toimitusketjuissa. Tavoitteena on tutkia, kuinka nämä 

dynaamiset kyvykkyydet ja informaation integrointi parantavat digitaalisten 

toimitusketjujen tehokkuutta ja reagointikykyä. 

Delfoi-menetelmää sovelletaan digitaalisten toimitusketjujen tulevaisuuden tutkimiseen. 15 

toimitusketjun hallinnan asiantuntijaa osallistuu kahteen Delfoi-kyselykierrokseen, joissa 

käsitellään tiettyjen tulevaisuuden skenaarioiden todennäköisyyttä ja kriittisyyttä sekä 

ratkaisuja näiden tapahtumien saavuttamiseksi. Tämä lähestymistapa pyrkii saavuttamaan 

yksimielisyyden panelistien kesken ja tarjoamaan kattavan ymmärryksen digitaalisten 

toimitusketjujen konfiguraatiosta. 

Tutkimus osoitti, että informaatiointegraatio on ratkaisevan tärkeää 

päätöksentekokyvykkyyksien, kuten reaaliaikaisen näkyvyyden ja resurssien allokoinnin, 

parantamiseksi. Kilpailukyvyn säilyttämiseksi on tärkeää ennakoida ja reagoida häiriöihin 

proaktiivisesti. Digitaalisten toimitusketjujen integrointi on olennaista pitkän aikavälin 

kestävyyden kannalta. 

Yhteenvetona, pysyäkseen kilpailukykyisinä muuttuvassa digitaalisten toimitusketjujen 

maisemassa, organisaatioiden on omaksuttava strategia, joka korostaa dynaamisia 

kyvykkyyksiä, informaatiointegraatiota, teknologisia investointeja ja proaktiivisia 

vastauksia häiriöihin, samalla keskittyen kestävyyteen ja resilienssiin. Tämä tutkimus 

korostaa dynaamisten kyvykkyyksien ja tiedon integraation kriittistä roolia digitaalisten 

toimitusketjujen konfiguroinnissa. Tällainen integraatio varmistaa, että nämä toimitusketjut 

ovat kilpailukykyisiä, kestäviä ja resilienssejä
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1  Introduction 

The world of business is undergoing a profound transformation due to technological 

progress, and nowhere is this more evident than in the realm of supply chain management. 

The advent of digital technology has given rise to supply chains that are dynamic, complex, 

and highly responsive to the demands of an ever-changing global marketplace. In this 

context, the concept of dynamic supply chain capabilities has emerged, shaping the future 

of digital supply chains. Central to the evolution of these capabilities is the role of 

information integration, which facilitates seamless communication across various 

stakeholders and systems, enhancing the efficiency and responsiveness of supply chains. 

This thesis explores the multifaceted forces at play within the domain of supply chain 

management, aiming to uncover the profound influence of dynamic capabilities and 

information integration on the emerging landscape of digital supply chains. Understanding 

the interplay of dynamic supply chain capabilities in the digital supply chain landscape is 

vital for organizations striving to adapt, thrive, and remain competitive in an era defined by 

digital innovation and disruption. Information integration, by promoting transparency and 

real-time data exchange, acts as a cornerstone for building resilient and adaptable supply 

chain networks. As technology continues to reshape the contours of business, the findings 

of this study aim to offer valuable insights, not only to academia but also to industry 

professionals and business leaders seeking to harness the potential of dynamic supply chain 

capabilities for securing a competitive edge and effectively navigating the challenges and 

opportunities of digital supply chains. 

 

1.1  Purpose of the study and the research questions 

This thesis aims to increase understanding of configuration of digital supply chains, and to 

link organization’s dynamic capabilities and information integration to the success of future 

digital supply chains in dynamic market conditions. This research is due to the recognition 

that the future of supply chain management is inherently tied to the integration of digital 

technologies and the cultivation of dynamic supply chain capabilities. According to 
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Christopher and Holweg (2011), supply chains of the future emphasize dynamic capabilities, 

collaboration, and flexibility to proactively respond to volatile market conditions. 

Furthermore, this research addresses a notable gap in the field of supply chain management. 

According to Ju, Park & Kim (2016), while dynamic capabilities have been extensively 

explored in the realm of strategic management, their specific application to supply chain 

management has been relatively neglected. This study contributes to filling this research gap 

by exploring dynamic capabilities in digital supply chain context. Furthermore, Defee and 

Fugate (2010) suggest for the utilization of qualitative methodologies to provide a deeper 

understanding of dynamic capabilities within the context of supply chains. Additionally, 

Büyüközkan and Göçer (2018) propose that future research should integrate the research on 

digital supply chains into pre-existing theories related to supply chain management. In this 

thesis, the research on digital supply chains is integrated to the pre-existing theory of 

dynamic supply chain capabilities, as suggested by Büyüközkan and Göçer (2018). 

This thesis focuses on the configuration of digital supply chains and the role of dynamic 

capabilities and information integration. The main research question is as follows: How do 

dynamic capabilities and information integration contribute to configuration digital 

supply chains? This main question is supported by three sub-questions, which are presented 

and justified next. 

As digital technologies continue to reshape supply chain management, understanding how 

organizations can harness information integration becomes critical for sustaining 

competitive advantage (Wong, Lai & Bernoider 2015; Yan, Yao, Li & Dong 2022). 

Information integration enables real-time visibility into various facets of the supply chain, 

enhancing responsiveness and adaptability in dynamic market conditions (Prajogo & 

Olhager 2012). This insight prompts the first research sub-question: 

 

1. In the future of digital supply chains, how can organizations leverage information 

integration to enhance their dynamic supply chain capabilities for decision-making? 

 

The increasing complexity and interconnectedness in global supply chains amplify the risk 

of disruptions. Proactively addressing these challenges requires a nuanced understanding of 

dynamic capabilities that enable organizations to anticipate and respond effectively. (Defee 
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& Fugate 2010) This second sub-question seeks to provide insights on configuring proactive 

digital supply chains through dynamic capabilities: 

 

2. How can organizations proactively anticipate and respond to disruptions in 

integrated digital supply chains through dynamic capabilities? 

 

As the recent academic literature emphasizes the importance of digital supply chains 

(Büyüközkan & Göçer), it is essential to assess its importance on organizational viability. 

The degree to which digital supply chain integration influences strategic decision-making, 

operational efficiency, and long-term sustainability is a crucial area for investigation, and 

thus prompts the third sub-question: 

 

3. How does the integration of digital supply chains influence the future viability of 

organizations? 

1.2  Conceptual framework and key concepts 

This chapter introduces the key concepts of this study and the conceptual framework. The 

conceptual framework for this thesis is presented in Figure 1. The framework aims to 

introduce the concepts of the study and their linkage to another in this study’s context. It 

presents three elements: Configuration of Digital Supply Chains, Dynamic Capabilities and 

Information Integration. The main research focus of the study is presented as the largest 

element which is the Configuration of Digital Supply chains. The two other elements, 

Dynamic Capabilities and Information integration represent these concepts’ linkage to the 

Configuration of Digital Supply Chains. All these concepts exist in the Supply Chain 

Management realm. Next, the key concepts of the study are defined. 
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Figure 2 Conseptual Framework 

 

Supply chain management plays a crucial role in driving the success and competitiveness 

of businesses. It involves strategically coordinating and overseeing various functions across 

different companies within a supply chain. This comprehensive approach encompasses the 

efficient management of each stage in the process, from sourcing raw materials to delivering 

the final products (Ju et al. 2016). Mentzer, DeWitt, Keebler, Min, Nix, Smith, and Zacharia 

(2001) conducted a study about defining the term Supply chain management and defined it 

as "the systematic, strategic alignment of traditional business functions and the tactics 

employed within these functions across a specific company and among interconnected 

businesses within the supply chain. This alignment aims to enhance the long-term 

performance of individual companies and the overall performance of the entire supply 

chain". 

Dynamic capabilities refer to a company's capacity to flexibly integrate, construct, and 

adapt both its internal and external competencies as a response to swiftly evolving business 

conditions (Teece, Pisano & Shuen 1997; Hong, Zhang & Ding 2018). The term "dynamic" 

emphasizes the ongoing necessity to continually refresh competencies to remain aligned with 

the ever-changing business landscape, especially in scenarios characterized by time-to-

market pressures, rapid technological advancements, and uncertain future competitive and 

market conditions (Teece et al. 1997). The concept of dynamic capabilities emphasizes the 

Supply Chain Management

Configuration 
of  Digital 

Supply Chains

Information 
Integration

Dynamic 
Capabilities
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strategic management role in adapting, integrating, and reconfiguring internal and external 

organizational skills, resources, and functional competences to match the requirements of a 

changing environment (Teece et al.  1997). It is through dynamic capabilities that firms can 

effectively align their resources, including their business models, with customer needs and 

aspirations (Teece 2018). 

Dynamic supply chain capabilities are the dynamic capabilities applied into supply chain 

management context. There is limited research on dynamic supply chain capabilities (Ju et 

al. 2016). Beske (2012) was among the first of incorporating the dynamic capability 

perspective into supply chain management. Viewing the supply chain as a complex system, 

this perspective emphasizes the essential capacity to effectively adapt to environmental 

changes as well as navigate complex internal relationships (Beske, 2012). According to Ju 

et al. (2016), organization’s competitiveness and performance rely on its ability to harness 

dynamic capabilities within its supply chain.  

Information integration in supply chains refers to the seamless sharing of crucial data and 

knowledge among networked partners, facilitated by information technology systems 

(Malhotra, Gosain & El Sawy 2007; Prajogo & Olhager 2012; Ngai, Chau & Chan 2011). 

This strategic practice enhances operational efficiency, decision-making, and overall supply 

chain performance by promoting collaboration and reducing uncertainties (Wong et al. 2015; 

Yan et al. 2022). The integration involves sharing accurate, timely, and standardized 

information, leading to benefits such as improved response times, reduced errors, and lower 

operational costs, ultimately aligning material flows with information flows throughout the 

supply chain (Prajogo & Olhager 2012). 

The concept of Digital Supply Chain lacks a universally accepted definition, resulting in 

varying interpretations among scholars. Büyüközkan and Göçer (2018) characterize digital 

supply chain as "an intelligent and adaptable technological system that harnesses extensive 

data resources and facilitates effective cooperation and communication across digital 

hardware, software, and networks. Its primary purpose is to enhance the value, accessibility, 

and affordability of services, while delivering consistent, agile, and efficient outcomes 

through inter-organizational interaction." On the other hand, Queiroz, Pereira, Telles & 

Machado (2021) offer a differing perspective by defining digital supply chain as "a collection 

of Information and Communication Technology (ICT) resources employed by organizations 

to transition their physical operations into the digital realm. This integration extends to both 
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physical and digital activities, aiming to reduce resource consumption, boost productivity, 

enhance network visibility, and provide real-time feedback. It encompasses tools for 

customized production and collaboration with suppliers at all network stages, supported by 

robust data management techniques and skills." While Büyüközkan and Göçer (2018) view 

digital supply chain as more of a holistic system or concept, and Queiroz et al. (2021) 

characterize it as a collection of ICT resources, both scholars concur that digital supply chain 

serves the common purpose of promoting seamless collaboration and the integration of 

information throughout the supply network. 

1.3  Research method 

This chapter introduces the research methodology and data collection plan, focusing on the 

Delphi method as the chosen approach. Originating from a military project in the 1950s, the 

Delphi method involves repeated questioning of an expert panel, ensuring anonymity and 

controlled opinion feedback (Dalkey & Helmer 1963; De Meyrick 2003). Known for its 

effectiveness in understanding issues and forecasting future developments, it follows a 

systematic iterative approach, gathering anonymous expert opinions through cycles of data 

collection and feedback (Skulmoski, Hartman & Krahn 2007). Data collection involves 

rounds of Delphi questionnaires, addressing when future developments occur, the 

desirability of events, and methods to achieve or prevent them (Gordon 1994). The method 

aims to reach consensus on complex problems, emphasizing the collective intelligence of an 

expert panel. 

In this study, the Delphi method is applied to investigate future developments in digital 

supply chains. 15 supply chain management experts participate in two rounds of Delphi 

questionnaires, addressing probability and criticality related to future events as well as 

solutions for achieving the future events. This structured approach aims to harness collective 

intelligence, promote consensus, and mitigate biases among the expert panel, contributing 

to a comprehensive understanding of digital supply chain configuration. 
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1.4  Limitations, validity, and reliability 

While the research outlined in the thesis aims for contributing valuable insights into the 

configuration of digital supply chains and the role of dynamic capabilities and information 

integration, it is essential to acknowledge certain limitations that may affect the study's 

validity and reliability. Identifying and addressing these limitations is crucial for 

understanding the generalizability and applicability of the findings. This thesis primarily 

focuses on dynamic capabilities and information integration within digital supply chains. 

Therefore there is a theoretical limitation from exclusion of other potential factors such as 

organizational culture, external environmental factors, or specific industry contexts might 

limit the comprehensiveness of the findings.  

The validity and reliability of this study are vulnerable to various factors which must be 

taken into account. One potential influence is sampling bias, as the selection of a panel 

comprising approximately 15 experts in supply chain management could introduce a 

limitation. The opinions derived from this relatively small and specific group may not fully 

capture the diverse perspectives inherent in the broader supply chain community. Moreover, 

the chosen research approach, the Delphi method has its limitations too. The extent of 

consensus achieved through this method may be influenced by factors such as the experts' 

familiarity with the subject matter, potential biases, or the effectiveness of the iterative 

feedback process. Recognizing and addressing these factors is essential for a comprehensive 

evaluation of the study's validity and reliability. 

1.5  Structure of the thesis 

This thesis is structured as follows: The introduction presents the research design and the 

study's purpose, followed by a literature review on the main theories of the study, namely 

Dynamic Capabilities and Information Integration. Subsequently, the methodology chapter 

details the research method (Delphi), data collection, and data analysis processes. This is 

followed by the presentation of empirical results. The final chapter discusses these results, 

draws conclusions, and explores managerial implications, as well as addresses the study's 

reliability and validity. 
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2  Dynamic capabilities 

One of the most critical aspects of strategic management is understanding how firms can 

create and sustain a competitive advantage over their competitors (Ambrosini & Bowman 

2009). Strategic managers’ role in this process is to constantly evaluate the value that their 

company's resources and capabilities bring, especially when facing rapid and sudden 

changes in the competitive landscape (Barney 1995). The constant change in business 

environment makes it challenging for companies to maintain their competitive position, 

identify risks and opportunities, and address them quickly. Organizations must adjust and 

relocate their resources and capabilities based on their management process and market 

positions to respond to changing environments and accelerate innovation. (Ju, Park & Kim 

2016) This is aligned with the idea of Ambrosini and Bowman (2009) that firms need 

dynamic capabilities to renew their stock of valuable resources and sustain their competitive 

advantage in changing external environments. 

2.1  Origin of dynamic capabilities theory  

The concept of dynamic capabilities can be traced back to the resource-based view (RBV) 

of the firm. The RBV suggests that firms are composed of a bundle of resources, and if these 

resources are rare, valuable, and difficult to imitate, they can provide a sustained competitive 

advantage. (Beske 2012) However, RBV's focus on leveraging bundled resources for long-

term competitive advantage may not hold true in dynamic markets where the environment 

is unstable (Beske, 2012). Dynamic markets, also known as high-velocity markets, refer to 

environments where market boundaries are indistinct, pre-defined business models are 

uncertain, and the identities of market players, such as buyers, suppliers and competitors are 

ambiguous and constantly changing. In high-velocity markets, strategy revolves around 

creating a series of unpredictable advantages through timing and loosely structured 

organization. The key is to seize opportunities and know when, where, and how often to 

change. (Eisenhardt & Martin 2000) As a result, dynamic capabilities have emerged as a 

potentially integrative framework, emphasizing on the newer sources of competitive 

advantage. (Teece et al. 1997) The dynamic capability perspective, considered an extension 
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of the RBV, shares similar assumptions and provides insights into how a firm's resource 

stock evolves over time, contributing to the sustainability of advantage (Ambrosini & 

Bowman 2009). It offers understanding of how firms adapt and develop their resources to 

effectively respond to changing market conditions.  

Teece (2007) argues that in dynamic markets, the advantage of a resource may diminish or 

become less significant over time, challenging the assumptions of the RBV. This highlights 

the limitations of the RBV in accounting for market dynamism and the continuous need for 

firms to evolve and adapt to changing conditions (Beske, 2012; Wang & Ahmed, 2007). 

According to Ambrosini and Bowman (2009) a dynamic capability is not itself a capability 

or a resource. Instead, it is a process that influences and impacts resources. Dynamic 

capabilities are centered around the development of an appropriate resource base, taking a 

future-oriented perspective. In contrast, capabilities that are focused on competition in the 

present can be considered "static" unless dynamic capabilities are employed to modify and 

transform them. (Ambrosini & Bowman, 2009) 

Dynamic capability theory, as an important supplement to the resource-based view, provides 

a comprehensive explanation of how companies and supply chains can acquire and uphold 

their competitive advantage in a dynamic and fiercely competitive environment, thereby 

enhancing overall firm performance (Yan, Yao, Li & Dong 2022). It fills the gap by offering 

insights into how firms develop the ability to sense and seize opportunities, reconfigure their 

resources, and dynamically adapt to changing environments, enabling a better understanding 

of how firms sustain a competitive advantage in dynamic markets (Ambrosini & Bowman, 

2009). 

2.2  Definition of dynamic capabilities 

Dynamic capabilities can be defined as the firm's ability to integrate, build, and reconfigure 

internal and external competencies in response to rapidly changing environments (Teece et 

al., 1997; Hong et al. 2018). These capabilities, supported by organizational routines and 

managerial skills, enable firms to adapt, integrate, and reconfigure internal competences to 

address the changing business environment (Teece et al., 1997; Teece 2007). The term 

"dynamic" reflects the need to continuously renew competences in order to align with the 

evolving business environment, particularly in situations with time-to-market pressures, 
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rapid technological changes, and uncertain future competition and markets (Teece et al. 

1997). 

The concept of dynamic capabilities emphasizes the strategic management role in adapting, 

integrating, and reconfiguring internal and external organizational skills, resources, and 

functional competences to match the requirements of a changing environment (Teece et al.  

1997). It is through dynamic capabilities that firms can effectively align their resources, 

including their business models, with customer needs and aspirations (Teece 2018). The 

value of dynamic capabilities lies in their outputs, namely the creation of a new set of 

valuable resources enabling them to sense and seize opportunities and proactively reposition 

to address emerging threats and opportunities (Ambrosini & Bowman 2009; Teece 2018). 

According to Teece (2007) dynamic capabilities are categorized into three types of 

capabilities: sensing, seizing, and reconfiguring. Sensing new opportunities involves a 

process of scanning, creating, and learning, and it typically requires investment in research. 

Seizing opportunities refers to addressing to sensed opportunity through innovation. It 

includes consistently improving technological capabilities and related assets. When the right 

moment arrives, investments should be made in the technologies and designs that are most 

likely to be widely accepted in the marketplace. Successful sensing and seizing of 

opportunities can lead to organizational growth and profitability. To sustain this profitable 

growth, organization must be able to recombine and reconfigure assets and organizational 

structures as the markets and technologies inevitably start to change. (Teece 2007) 

Dynamic capabilities encompass the enterprise's difficult-to-replicate capabilities required 

to adapt to changing customer and technological opportunities, shape the ecosystem it 

operates in, develop new products and processes, and design viable business models (Teece 

2007). The primary function of dynamic capabilities is to impact the firm's existing resource 

base and transform it in a way that creates a new bundle or configuration of resources, 

thereby sustaining or enhancing the firm's competitive advantage (Ambrosini & Bowman, 

2009). In essence, dynamic capabilities reflect a firm's behavioral orientation in adapting, 

renewing, reconfiguring, and recreating resources, capabilities, and core capabilities in 

response to external changes (Wang & Ahmed 2007). They represent the firm's agility and 

capacity to navigate and thrive in a rapidly evolving business landscape. 
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2.3  Dynamic capabilities in supply chain management 

Supply chain management plays a vital role in the success of businesses and their 

competitiveness, as it involves the strategic coordination and management of various 

functions across companies within a supply chain. Supply chain management has emerged 

as a holistic approach that encompasses the effective management of each stage of the 

process, starting from the procurement of raw materials and extending to the delivery of 

goods (Ju et al. 2016). Mentzer, DeWitt, Keebler, Min, Nix, Smith and Zacharia (2001) 

studied the definition supply chain management and defined it as “the systemic, strategic 

coordination of the traditional business functions and the tactics across these business 

functions within a particular company and across businesses within the supply chain, for the 

purposes of improving the long-term performance of the individual companies and the 

supply chain as a whole”. However, according to Christopher and Holweg (2011) The 

conventional wisdom of supply chain management may require radical rethinking due to 

significant changes in the global business environment in recent years. The existing supply 

chain management models were developed during a period of relative stability, but this 

assumption no longer holds true. The concept of "turbulence," characterized by volatility in 

key business parameters, highlights the need for future supply chains to adapt to this dynamic 

setting. (Christopher & Holweg 2011)  

Hohenstein, Feisel, Hartmann and Giunipero (2014) state that the volatile and rapidly 

changing nature of the global business economy continues to impact supply chains, 

rendering them vulnerable to uncertainty and complexity. Consequently, there is a growing 

focus on developing resilient supply chains to effectively manage potential risks and 

disruptions. Supply chain resilience has emerged as an important concept due to dynamic 

settings in the global market. Supply chain resilience commonly refers to the capacity of 

businesses to remain alert, respond promptly and adjust to changed caused by disruptions in 

the supply chain (Pu, Li & Bai 2023). According to Ali, Mahfouz, and Arisha (2017), the 

concept of supply chain resiliency offers a means for supply chains to utilize their 

capabilities in order to recover and adapt in the face of adversity, ensuring business 

continuity. The application of supply chain resiliency aligns with the principles of dynamic 

capability theory, as highlighted by Pu et al. (2023). They assert that leveraging supply chain 

resiliency allows enterprises to establish knowledge creation practices within dynamic 
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environments, which is a fundamental aspect of dynamic capabilities. Additionally, the use 

of supply chain resiliency reflects the commonality and specificity of key features associated 

with dynamic capabilities. While there are identifiable common "best practices" for 

implementing supply chain resiliency, the complexity involved necessitates tailoring its 

application to specific supply chain processes. The resilience of a supply chain varies based 

on the degree of risk it faces, and each supply chain has its own limitations and potential for 

prompt recovery and restoration in the event of disruptions. (Pu et al. 2023). 

Beske (2012) was among the first to suggest integrating dynamic capability perspective into 

supply chain management. Supply chain can be viewed as a complex system and therefore 

dynamic capability perspective is the desired ability to handle changes in the environment 

as well as in internal complex relationships (Beske 2012). In current competitive market the 

competition between businesses has switched to the competition between supply chains 

(Lambert & Cooper 2000; Ju et al. 2016) and therefore, the competitive position and 

operational performance of an organization rely on its supply chain dynamic capabilities (Ju 

et al. 2016).  

Defee and Fugate (2010) studied dynamic supply chain capabilities from an inter-

organizational collaborative point of view. As firm boundaries are getting blurred within 

supply chains, the challenge of sustaining a competitive advantage solely through firm-

centric dynamic capabilities has become more difficult. According to Defee and Fugate 

(2010) Earlier studies have predominantly focused on dynamic capabilities existing solely 

within individual firms, overlooking the potential for greater benefits that arise from the 

collaboration among various members of the supply chain network. Even if a single firm 

consistently enhances its capabilities, the collective resources and efforts of multiple firms 

working together can quickly surpass it. Therefore, it is proposed that dynamic capabilities 

that span across multiple supply chain members present the most promising opportunity for 

achieving a competitive advantage when competition is examined at the supply chain level. 

(Defee & Fugate, 2010) 

Defee and Fugate (2010) developed a model for dynamic supply chain capabilities, which is 

presented in Figure 2. According to the model, dynamic supply chain capabilities start with 

two strategic orientations, which are Supply chain orientation and Learning orientation. 

Mentzer et al. (2001) define supply chain orientation as “the recognition of the systemic, 

strategic implications of the activities involved in managing the multiple flows in a supply 
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chain of organizations”. Supply chain orientation has the assumption that supply chain 

members share values on the importance of the whole supply chain, not only their own 

functional area (Hult, Ketchen, Adams & Mena 2008). A supply chain-oriented organization 

develops and maintains several ways to improve relationships with important partners in 

their supply chain, which is achieved through elements like trust, commitment, cooperation, 

reliance, shared values, and support from top management. (Defee & Fugate 2010) 

According to Defee and Fugate (2010) choosing to collaborate in whole supply chain is not 

enough alone. To improve and adapt supply chain capabilities effectively, a company must 

also internalize learning orientation which means continuously updating outdated skills and 

developing new ones across different departments in the organization. For learning 

orientation, it is essential to go beyond individual company boundaries and be embraced as 

a shared value among multiple members within the supply chain. (Defee & Fugate 2010) 

 

 

Figure 2 Model for Dynamic Supply Chain Capabilities (Defee & Fugate 2010)  

 

According to the model of Defee and Fugate (2010), the dynamic supply chain capabilities 

consist of Knowledge accessing and Co-evolving. By Knowledge accessing, two or more 

companies understand what knowledge resources and capabilities there are currently in the 

supply chain and mutually access to knowledge resources possessed by each party in the 

supply chain. This allows companies in the supply chain to cut down on unnecessary 
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repetitions and make better use of their current capabilities. However, in a competitive and 

dynamic environment, it is crucial to keep developing new skills and capabilities constantly. 

Through Co-evolving companies collaboratively develop new capabilities between supply 

chain-oriented companies in order to create a superior supply chain. According to Defee and 

Fugate (2010) volatility and unpredictability in markets, referred as Environmental 

turbulence, does not directly cause knowledge accessing nor co-evolving. Instead, it can be 

considered as a moderator influencing the impact of the two strategic orientations on the two 

dynamic supply chain capabilities. In other words, a highly unpredictable environment alone 

won't prompt supply chain members to better understand each other's firm-specific 

capabilities (knowledge accessing) or foster joint development of new capabilities (co-

evolving). (Defee & Fugate 2010) 

According to Yan et al. (2022) dynamic capabilities are essential for supply chains to thrive 

and remain competitive in the face of frequent emergency disasters and uncertainties, such 

as public health emergencies, as the recent years have showcased. Yan et al. (2022) 

emphasized that companies must pay attention to cultivating supply chain dynamic 

capabilities to thrive in a rapidly changing market environment. This cultivation involves 

enhancing not only a single enterprise's short-term performance but also accumulating 

strength for the long-term development of the entire supply chain. Supply chain cooperation, 

responsiveness, and operational capabilities all contribute to building a strong dynamic 

capability. (Yan et al. 2022) To achieve these dynamic capabilities, supply chain members 

must focus on critical factors, including information sharing, collaboration, integration, and 

agility. Research by Ju et al. (2016) confirmed that these elements play a significant role in 

forming supply chain dynamic capabilities. The study further revealed that these dynamic 

capabilities positively influence both technological innovation and operational performance. 

Notably, the impact on technological innovation is greater, making it a crucial driver for 

overall product and process improvement within the supply chain. (Ju et al. 2016) In the 

information era, modern technology plays a crucial role in improving supply chain dynamic 

capabilities. By embracing technological advancements, supply chains can build flexibility, 

efficiency, and adaptability to respond to environmental changes effectively (Hong et al., 

2018). 
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Strategic decision-making managers should identify and empower strong competencies 

within their own organization and key supply chain members to drive collaborative, 

capability-creating innovations through co-evolving. By doing so, they can create a 

knowledge-accessing dynamic capability that optimizes the efficient use of existing supply 

chain partner capabilities and fosters an environment that supports the development of 

cutting-edge capabilities benefiting multiple partners. (Defee & Fugate, 2010). Additionally, 

Kareem and Kummitha (2020) emphasized that supply chain dynamic capabilities, such as 

collaboration capability, agility capability, and responsiveness capability, have a positive 

impact on operational performance, particularly in a changing environment. Collaboration 

capability was found to have a significant positive influence on operational performance, 

highlighting the importance of building strong relationships with partners to drive 

performance improvements. (Kareem & Kummitha 2020) 

Dynamic supply chain capabilities -theory remains as an area that requires significant 

attention and research, despite the long-standing exploration of dynamic capabilities in the 

field of strategic management. Ju et al. (2016) emphasize this research gap, highlighting the 

scarcity of studies concerning dynamic capabilities applied specifically to supply chain 

management. To overcome this gap, future research should focus on developing additional 

variables that address the unique requirements of dynamic capabilities in supply chain and 

operations management. It is crucial to conduct further tests to identify and assess 

appropriate supply chain dynamic capabilities, taking into account various factors such as 

industry type, organizational characteristics, and the position of the organization within the 

supply chain. These contextual variables play a vital role in shaping the most effective and 

efficient dynamic capabilities tailored to the supply chain context. (Ju et al. 2016) Defee and 

Fugate (2010) point out that capabilities are often confined to logistics or supply chain 

activities at the firm level, overlooking the collaborative potential across multiple firms in a 

supply chain network. This oversight limits the understanding and implementation of 

dynamic capabilities in the broader context of multi-firm supply networks, where 

collaboration and interconnectivity are crucial aspects of effective supply chain management 

(Defee & Fugate 2010). 

In light of the challenges posed by dynamic market conditions, there is a growing recognition 

that embracing flexibility in supply chain design is essential. Christopher and Holweg (2011) 

argue that the traditional "control" mindset, which seeks to eliminate variability, is no longer 



 22 

sufficient in an era of turbulence. Instead, firms should proactively build supply chain 

structures that can adapt to uncertainties and volatility, viewing them as opportunities rather 

than threats (Christopher & Holweg 2011). In conclusion, there is a pressing need to shift 

towards a new framework for designing and managing supply chains, which Christopher and 

Holweg (2011) call "Supply Chain 2.0.". This framework emphasizes dynamic capabilities, 

collaboration, and flexibility to navigate the challenges of an increasingly turbulent and 

unpredictable business environment. By addressing the research gaps in dynamic supply 

chain capabilities and reimagining supply chain strategies, organizations can equip 

themselves to thrive in the face of uncertainty. (Christopher & Holweg 2011)  
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3  Supply chain integration and Digital supply chain 

Amidst the dynamic landscape of today's global markets, businesses face heightened 

challenges and opportunities driven by rapid technological advancements and evolving 

consumer expectations. In this context, effective supply chain management emerges as a 

strategic imperative, requiring seamless integration of diverse organizational functions to 

forge robust connections with suppliers, distributors, and external customers. As highlighted 

by Ju et al. (2016), this integration not only enhances operational performance but also 

fortifies competitiveness. This chapter delves into the role of supply chain integration, 

offering insights into information integration and the transformative realm of digital supply 

chains. 

Flynn, Huo and Zhao (2010) define supply chain integration as the degree to which 

manufacturers collaborate with their supply chain partners to manage intra- and inter-

organizational processes. According to Zailani and Rajagopal (2005), supply chain 

integration involves the creation of interconnected networks that consists of essential 

elements of the supply chain: suppliers, customers, and the focal companies themselves. 

Supply chain integration forms the basis for developing supply chain trust, memory, shared 

understanding and ultimately a cohesive supply chain culture (Flynn, Koufteros & Lu 2016). 

According to Leuschner, Rogers and Charvet (2013) supply chain integration is the extent 

and strength on connections among supply chain processes across different companies.  

Supply chain integration practices are often classified into two primary dimensions: (1) 

internal integration and (2) external integration. Internal integration is more focused on 

tactical aspects, aligning design requirements with process capabilities within the firm. 

(Droge et al. 2004) This integration aims to harmonize company’s strategies, practices, and 

processes in order to create collaborative operations which fulfil customers’ demands. 

(Flynn, Huo & Zhao 2010) According to Flynn et al. (2010) departmental barriers should be 

broken, and different functional areas of a firm should operate as an integrated process 

fostering cooperation within the company, leading to an enhanced performance.  
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While internal integration emphasizes the need for departments and functions to operate 

cohesively as an integrated process, external integration emphasizes the importance of close 

and collaborative relationships with customers and supplier (Flynn et al. 2010). Flynn et al. 

(2010) define external integration as “the degree to which a manufacturer partners with its 

external partners to structure inter-organizational strategies, practices and processes into 

collaborative, synchronized processes”. External integration extends across the whole 

supply chain, including suppliers and customers, and it consists of three core elements: (1) 

supplier development, (2) supplier partnerships, and (3) building closer customer 

relationships. Firms acknowledge the linkage between the performance of their suppliers' 

products and their own products. (Droge, Jayaram & Vickery 2004) Supplier integration 

involves the establishment of collaborative partnership between buyer and their upstream 

supplier(s). This partnership could include various initiatives and programs aimed to 

strengthen the connections between the trading partners. (Yu, Jacobs, Salisbury & Enns 

2013) Supplier development is the key strategy for enhancing supplier performance and 

capabilities. Supplier partnering, on the other hand, extends beyond conventional supplier 

development efforts by treating the supplier as a strategic collaborator. This approach aims 

to involve all participants in the product life cycle from the early on, allowing for mutual 

input into each other's processes. Building closer customer relationships is the third core 

element of external integration, and it can be considered as the downstream counterpart to 

supplier development and supplier partnership. (Droge et al. 2004)  

External integration combines suppliers and customers into a cohesive network, fostering 

collaborative innovation. Building collaborative relationships with suppliers and customers 

is a strategic decision for the purposes of competitive advantage and joint innovation 

process. (Droge et al., 2004) According to Flynn et al. (2010) measuring the operational 

performance of external supply chain integration is considered customer oriented. Thus, 

supplier integration may not contribute to the operational performance directly, however, it 

contributes to the customer integration improving its operational performance (Flynn et al. 

2010). In prior research there is uncertainty whether a company should begin supply chain 

integration with internal integration or external integration. According to Flynn et al. (2010) 

companies should begin with internal integration and building internal integration 

capabilities, as it forms the base for customer and supplier integration. This is explained by 

prior research ignoring internal integration and focusing only on supplier and customer 

integration. (Flynn et al. 2010) On the other hand, study by Devaraj, Krajewski and Wei 
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(2007) showed that prioritizing the development of supplier integration before customer 

integration is optimal for achieving maximum operational performance. This was justified 

by initially focusing on supplier integration, a company can build the capability to meet its 

customers' performance expectations before focusing on customer integration (Devaraj et al. 

2007). 

In prior research, there is plenty of evidence that supply chain integration is beneficial for a 

company as it affects positively to firm performance (Droge et al. 2004; Prajogo & Olhager 

2012; Leuschner et al. 2013; Yan et al. 2022). According to Droge et al. (2004) supply chain 

integration, whether in the form of external integration or internal integration, directly 

impacts key time-based performance metrics. Supply chain integration’s role in enhancing 

"time-to-market," "time-to-product," and customer responsiveness is crucial. Therefore, 

organizations striving to achieve any of these time-related performance goals can 

significantly improve their prospects by implementing SCI practices. (Droge et al. 2004) 

Moreover, Leuschner et al. (2013) highlight that supply chain integration is crucial in 

elevating overall firm performance. While it is important for managers to recognize the 

general advantages of supply chain integration, they must also tailor their integration efforts 

to align with their organization's specific needs. All levels of integration can be advantageous 

for firm performance, but it is essential to understand the outcomes of operational 

integration. (Leuschner et al. 2013) According to the study by Leuschner et al. (2013), the 

operational benefits of supply chain integration can be found only in areas of delivery 

performance and innovation. Therefore, quick wins in terms of cost savings and quality 

improvement should not be expected from integration initiatives. Instead, it is more likely 

that organizations can find more durable performance gains in the longer term (Leuschner 

et al. 2013). 

Organizations that successfully develop a coherent set of integration capabilities, 

encompassing sensing, seizing, and reconfiguring, may be able to recognize gaps in their 

integration capabilities more efficiently. For instance, companies equipped with only 

integration sensing capabilities can perceive supply chain events but lack the capacity to act 

on opportunities due to their lack in seizing and transforming capabilities. In essence, firms 

that comprehend the essential capabilities for supplier integration can understand and justify 

the resources and expertise needed to establish and maintain a competitive advantage. 

(Vanpoucke, Vereecke & Wetzels 2014) 
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3.1  Information integration  

In a supply chain, there is a continuous flow of information. Within the domain of supply 

chain management, supply chain activities do not only generate data, but also use existing 

data and share generated information with partners who are involved with the product. 

Information has multiple purposes encompassing the entire spectrum from product 

conception and production to its ultimate delivery to consumers. It affects operational 

efficiency, decision-making and maintaining competitiveness in the market. (Bhargava, 

Ranchal & Ben Othmane 2013) According to Ngai et al. (2011) information is considered 

one of the most important resources enhancing competitiveness in global supply chains. 

Information integration involves the sharing of crucial data and knowledge throughout the 

supply chain network (Ngai et al. 2011; Prajogo & Olhager 2012). This integration allows 

organizations to foster collaboration and streamline operations through a seamless sharing 

of information (Malhotra et al. 2007). The integration of information is made possible by 

leveraging information technology (IT) systems, which link electronic applications and 

facilitate standardized information exchange among supply chain partners (Malhotra et al. 

2007; Prajogo & Olhager 2012).  

Information integration in supply chains is a strategic advantage. Sharing accurate, timely, 

and standardized information within the supply chain ecosystem contributes significantly to 

informed decision-making, reduces task uncertainty, and enhances overall supply chain 

performance. Particularly, in a complex market environment where firms collaborate with 

numerous partners to meet diverse market needs, supply chain information integration 

proves to be highly beneficial. Timely information access and sharing promote visible 

product flows and yield several advantages, including faster response times, reduced errors, 

and lower administrative, distribution, inventory, and order management costs. (Wong et al. 

2015; Yan et al. 2022) Enhancing operational performance, which influences customer 

perceptions of business relationships, is achieved by intensifying production information 

integration with customers and suppliers. Increased exchanges of information, such as sales 

forecasts, production schedules, and inventory levels, lead to improved operational 

performance and closer collaboration regarding production requirements (Devaraj et al. 

2007). Enterprise information integration solutions in manufacturing aim to facilitate 

coordinated business processes across the value chain. This comprehensive approach 
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encompasses activities from discovery and design to monitoring and optimization, 

ultimately enhancing the efficiency and effectiveness of the supply chain (Qiu 2005). It is 

crucial to emphasize that material flow within the supply chain is linked to information 

integration. This ensures that the supply chain, driven by material flows from suppliers, 

aligns seamlessly with the demand chain, which is powered by information flows from 

customers (Prajogo & Olhager, 2012). 

As mentioned, the need for such integration arises from increased competition, dynamic 

market conditions, and dispersed supplier locations. To address these challenges, 

organizations must establish a robust integration mechanism underpinned by accurate and 

timely information (Prajogo & Olhager 2012). Information technology (IT) has a crucial 

position in facilitating the integration of supply chains by empowering supply chain 

collaborators to expand both the scale and complexity of information exchange (Vanpoucke 

et al., 2015). IT facilitates continuous information sharing, thereby enhancing transparency 

within the extended supply chain (Prajogo and Olhager 2012). A smooth flow of information 

and materials enables organizations to monitor market requirements and facilitates the agile 

allocation of resources (Ngai et al. 2011). However, fragmented IT applications can lead to 

data discrepancies, diminishing an organization's ability to promptly meet the rapidly 

changing market demands (Rai, Patnayakuni & Seth 2006). 

There are also other challenges when implementing information integration in supply chains. 

Prajogo and Olhager (2012) emphasize that information integration requires a level of 

partnership beyond mere transactional relationships. To achieve effective information 

integration, firms must establish strategic and long-term relationships. However, this 

necessitates a considerable investment in IT infrastructure and the sharing of sensitive data, 

which can be a formidable barrier. Such investments are more agreeable when built on solid, 

enduring partnerships, making it crucial for organizations to develop trust and commitment 

among their supply chain partners. (Prajogo & Olhager 2012) Bhargava et al. (2013) list fear 

of information leakage and unauthorized disclosure of information as challenges when 

implementing information integration. The reluctance to share information within a 

distributed supply chain can lead to inefficiencies, including resource mismanagement, 

inventory misallocation, shortages, expensive transportation, increased product prices, and 

compromised customer service. Consequently, organizations must take steps to safeguard 

supply chain information in accordance with owner policies, regulatory requirements, and 
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legal mandates. Protecting sensitive data is essential to foster collaboration and enable 

information integration while mitigating the associated risks and concerns. (Bhargava et al. 

2013) 

3.2  Digital supply chain 

The concept of the Digital Supply Chain (DSC) has gained prominence in recent years as 

businesses realize the limitations of traditional supply chain models (Büyüközkan & Göçer 

2018; Queiroz et al. 2021). Even the largest organizations recognize that they cannot single-

handedly design and deploy end-to-end information integration throughout their supply 

networks. This realization has led to collaborations to accelerate integration between 

companies in a multi-stakeholder environment, where big companies act as hub 

organizations that take the lead in integration efforts, even working alongside their main 

competitors. (Korpela, Hallikas & Dahlberg 2017) The primary goal is to accelerate the 

integration of the entire supply network, breaking down the siloed and discrete steps that 

characterize traditional supply chains. DSC is not limited to managing physical or digital 

products and services; it is about reimagining how supply chains are managed as integrated 

systems. (Büyüközkan & Göçer 2018) This shift towards digitalization offers a means of 

improving operational performance and gaining a long-term competitive advantage. By 

strategically incorporating technological innovation, organizations can enhance quality, 

flexibility, reduce lead time, and lower costs. (Ju et al. 2016) In an era where new production 

models, transportation modes, customer experiences, and real-time information exchange 

are essential, traditional supply chains will face challenges. The necessity for digital supply 

chains is evident as businesses adapt to evolving market dynamics and customer 

expectations (Queiroz et al., 2021). In the face of these changes, collaboration, technological 

innovation, and a shift toward integrated supply chain systems are essential elements for 

success in the modern business landscape. 

There is no predominant definition for DSC, and thus scholars have differing definitions for 

the term. Büyüközkan and Göçer (2018) define DSC as “an intelligent best-fit technological 

system that is based on the capability of massive data disposal and excellent cooperation and 

communication for digital hardware, software, and networks to support and synchronize 

interaction between organizations by making services more valuable, accessible and 
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affordable with consistent, agile and effective outcomes”. Queiroz et al. (2021) however 

define DSC as “A set of ICT resources that an organization uses to interact with their network 

in order to shift physical activities to digital, applied in an integrated form both in physical 

and digital activities to minimize resource consumption and support productivity 

improvement, network visibility, and real-time feedback, including tools for custom 

production and suppliers’ cooperation in all stages of the network, supported by strong data-

management techniques and skills”. While Büyüközkan and Göçer (2018) see DSC more as 

a system or concept, and Queiroz et al. (2021) refers to it as a set of ICT resources, both 

academics agree that DSC is implemented for seamless collaboration and information 

integration throughout supply chain network. 

Büyüközkan and Göçer (2018) proposed a comprehensive framework for the development 

of Digital Supply Chains (DSC). This framework is presented in Figure 3 and it contains 

three main stages: Digitalization, Technology Implementation, and Supply Chain 

Management, each playing a crucial role in achieving organizational alignment and ensuring 

a successful transition to a DSC environment. The first step in the DSC development 

framework is Digitalization. Digitalization involves assessing the current state of 

digitalization within the supply chain. This process is essential for supply chain managers to 

understand where their organization stands in terms of digital maturity and identify areas 

that require improvement. The goal is to establish a solid foundation for subsequent phases 

by laying the groundwork for increased digital efficiency. (Büyüközkan & Göçer 2018) 
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Figure 3  Framework for the development of digital supply chains (Büyüközkan & 

Göçer 2018) 

 

Following Digitalization is the Technology Implementation stage. Büyüközkan and Göçer 

(2018) emphasize that this phase differs from Digitalization as it focuses on successfully 

implementing the technologies identified in the DSC efforts. The Technology 

Implementation process leverages various technology enablers within the DSC, including 

both mature and emerging technologies. (Büyüközkan & Göçer 2018) Büyüközkan and 

Göçer (2018) highlight the importance of adopting a holistic view across these enablers to 

maximize business benefits and unlock new forms of value. The challenges in introducing 

technological changes are acknowledged, and the framework branches into Management 

Process, Human and Technology Relationship, the Formation of Technology Infrastructure, 

and Technology Enablers. These elements collectively form the building blocks for an 

effective Technology Implementation process, ensuring that supply chains remain 

competitive and capitalize on opportunities in evolving markets. (Büyüközkan & Göçer 

2018) 
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The final stage in the DSC development framework is Supply Chain Management, which 

Büyüközkan and Göçer (2018) identify as the ultimate goal of DSC transformation. This 

stage builds upon the foundation laid by Digitalization and Technology Implementation, 

enhancing the overall supply chain management process. Büyüközkan and Göçer (2018) 

highlight the external factors driving organizations to reconfigure their supply chains, such 

as global competition, market requirements, advancements in information and 

communication technology, and developments in international freight transport systems. 

The effective integration of digitalization and technology implementation into supply chain 

management processes ensures that organizations can adapt to dynamic market conditions, 

meet customer demands, and remain competitive in the digital era (Büyüközkan & Göçer 

(2018). Büyüközkan and Göçer's (2018) DSC development framework provides a structured 

approach for organizations to navigate the complexities of digital transformation. By 

sequentially addressing digitalization, technology implementation, and supply chain 

management, the framework guides supply chain managers in assessing, strategizing, and 

executing the necessary steps for successful DSC integration and optimization (Büyüközkan 

& Göçer (2018). 

The direct linkage between Digital Supply Chains (DSC) and dynamic capabilities has not 

been extensively studied. However, in a recent empirical study, Li, Zhang, Liu, Zhang, and 

Jasimuddin (2023) explored the relationships among digital supply chains, supply chain 

innovation, and dynamic capabilities. Their findings suggest that digital supply chains can 

directly enhance dynamic capabilities. Additionally, manufacturers utilizing digital supply 

chains are more likely to pursue supply chain innovation actively. The study also indicates 

that investment in digital technologies and tools enhances dynamic capabilities (Li et al. 

2023)  
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4  Methodology 

The research methodology and data collection plan are introduced in this chapter. The Delphi 

method is employed as the research approach in this study. The Delphi method was chosen 

as the research method for this thesis to gain an in-depth understanding of the evolving 

landscape of digital supply chains.  

4.1  Delphi method 

The Delphi method is chosen as the research method, as it is recognized for its effectiveness 

in enhancing understanding of complex issues, exploring opportunities, designing solutions, 

and generating forecasts for future developments (Skulmoski et al. 2007).  Moreover, the 

use of Delphi method in studying decision-making within supply chain management, 

especially regarding specific problems or topics (Kembro, Näslund & Olhager 2017), aligns 

with this thesis's objective to understand how digital supply chains are configured.  The 

application of the Delphi method in futures research and its acceptance for forecasting future 

technical events or developments (Linstone & Turoff 1975, 100) further justifies its 

selection. This characteristic is particularly relevant for the thesis, which seeks to study the 

evolution of digital supply chains in response to dynamic market conditions. By gathering 

subjective judgments from a panel of experts, the Delphi method enables a comprehensive 

exploration of potential future scenarios and the role of dynamic capabilities and information 

integration within them. Lastly, the attractiveness of the Delphi method for master's thesis 

level research (Skulmoski et al. 2007) reinforces its suitability for this study. In conclusion, 

the selection of the Delphi method as the research method for this thesis is well aligned with 

the study's goals. Its proven effectiveness in futures research, applicability to supply chain 

management decision-making, and suitability for master's level investigation make it an 

ideal tool for exploring digital technologies, dynamic capabilities, and the success of future 

digital supply chains in the current and future rapidly evolving market. 

The Delphi method was originally developed by Norman Dalkey at the RAND Corporation 

in the 1950’s as a military project (Dalkey & Helmer 1963; De Meyrick 2003). The goal of 

this military project was to utilize an expert panel to forecast possible enemy attacks (Dalkey 
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& Helmer 1963). Since then, the Delphi method has been established and developed as a 

research method and has retained the three basic characteristics: (1) repeated questioning of 

an expert panel, (2) anonymity between panelists and (3) controlled opinion feedback 

(Dalkey & Helmer 1963; De Meyrick 2003).   

Skumoski et al. (2007) characterize the Delphi method as a systematic iterative approach 

that leverages anonymous experts’ opinions through a series of data collection and analysis 

cycles interspersed with feedback. When employed as a forecasting tool, the method follows 

structured process where participants provide numerical responses to questions related to 

events or probabilities. The responses are the shared with the group, allowing participants to 

revise their responses based on feedback. This iteration process continues until 

predetermined stopping point, such as consensus or result stability, is reached. (Grime & 

Wright 2016) According to Dalkey and Helmer (1963) this controlled interaction approach 

intentionally avoids the pitfalls associated with conventional expert methods like round-table 

discussions. The Delphi method fosters independent thought, gradual opinion formation, and 

mitigates hasty decisions and possible bias often observed in direct confrontations (Dalkey 

& Helmer 1963). According to Grime and Wright (2016) the primary objective of Delphi 

method is to gain consensus of expert opinions, particularly in contexts involving complex 

problems and uncertain outcomes. Emphasizing the collective intelligence of a group, the 

method, when used for forecasting, underscores the superiority of structured group efforts 

over unstructured ones. The approach should be designed so that the questions encourage 

experts to explain the reasons behind their individual responses. This not only helps confirm 

the validity and strength of the expert's answer to themselves but also facilitates a more 

effective evaluation by other experts when presented with the combined responses in the 

next feedback and iteration. (Grime & Wright 2016)  

Skulmoski et al. (2007) designed guidelines for a three-round Delphi process which is 

presented in Figure 4. The research question is developed through collaboration, industry 

experience, and literature reviews. The research design includes choosing the Delphi method 

for its group decision-making capabilities. Selecting expert participants is critical for 

insightful contributions. The process starts with a questionnaire to gather initial insights, 

possibly including a pilot study for refinement. Responses from the initial questionnaire 

inform the development of a second round, refining questions and answers. This iterative 

process narrows the focus on the research question through successive rounds. The final 
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analysis allows participants to revise their answers, concluding when the research question 

is sufficiently addressed. The results are then verified, possibly extended by further research, 

and prepared for publication. (Skulmolski et al. 2007) In the following chapter, a detailed 

exploration will be conducted on the data gathering processes employed by the Delphi 

method, encompassing the selection criteria for the expert panelists and the construction of 

questionnaires for each round. Following this, the data analysis methods are introduced. 

 

 

Figure 4  Three round Delphi process (Skulmoski et al. 2007) 
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4.2  Data collection 

For this study, data will be collected through rounds of Delphi questionnaires. In a Delphi 

study questionnaire, the questions can cover various aspects related to predicting future 

developments. According to Gordon (1994) these questions typically fall into three 

categories; the first type involves predicting when a future development is likely to occur. 

The second type assesses the desirability of the anticipated event, seeking judgments on 

whether it should happen. Lastly, the third type focuses on inquiries about the methods to 

achieve the desired event or prevent the undesired event. (Gordon 1994) 

The first questionnaire round contains potential future scenarios within digital supply chains. 

Expert panelists are tasked with evaluating these scenarios based on their likelihood of 

occurring (Probability) and their significance for organizational viability (Criticality). 

Therefore, the conventional category of "Desirability" (Gordon, 1994) is redefined as 

"Criticality" to more accurately align with the studied developments. In Delphi 

questionnaires Likert-style scales are most commonly used, however there is dissent among 

scholars how many points should be used (Gracht 2008, 39). For this study, the evaluation 

is conducted using a Likert scale ranging from 1 to 5. The 5-point scale was chosen as it has 

been utilized in previous Delphi studies (Gracht 2008, 53) The Probability and Criticality 

dimensions for the first questionnaire are elaborated in Table 1.   
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Table 1 Probability and Criticality dimensions 

 

 

The second questionnaire round focuses on solutions for achieving the scenarios outlined in 

the first questionnaire round. Expert panelists are requested to evaluate the usefulness of 

predefined solutions. These questions fall into the third category of question types according 

to Gordon (1994), which seek methods to achieve the desired event. Once again, a Likert 

scale from 1 to 5 is utilized for the evaluation. The 'Usefulness' dimension for the second 

questionnaire is presented in Table 2. 

 

Table 2 Usefulness dimension 

 

CriticalityProbabilityScale

Low Criticality: The event, if it occurs, has a 

minimal impact on the company's future and 

viability.

Highly Unlikely: The event is considered 

extremely improbable, with a very low 

likelihood of occurrence.
1

Low-to-Moderate Criticality: The event's impact 

is relatively minor but may have some noticeable 

effects.

Unlikely: The event has a lower likelihood of 

happening but is not ruled out entirely.2

Neutral Criticality: The event's impact is 

moderate, neither low nor high, and may have a 

balanced influence on the company's future.

Neutral: The likelihood of the event occurring 

is neither high nor low, indicating a state of 

uncertainty or balanced probabilities.
3

High Criticality: The event, if it occurs, has a 

significant impact on the company's future and 

viability.

Likely: The event has a reasonable probability 

of occurring, though it is not certain.4

Very High Criticality: The event is considered 

extremely impactful, with potentially substantial 

benefits for the company's future and market 

position.

Highly Likely: The event is considered very 

probable, with a high likelihood of occurrence.
5

UsefulnessScale

No Use: The solution does not contribute effectively to achieving the future state and fails to 

address key components adequately.
1

Low Usefulness: The solution offers minimal assistance in progressing towards the future 

state.
2

Moderate Usefulness: The solution provides moderate support in achieving the desired future 

state, addressing some key aspects adequately.
3

High Usefulness: The solution significantly aids in reaching the desired future state, 

effectively addressing most critical components and accelerating progress.4

Very High Usefulness: The solution is exceptionally valuable in achieving the future 

scenario, effectively addressing all critical aspects and expediting the process.5
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When forming the panel for the Delphi study, the objective generally is not capturing a 

representative sample of a population, unlike in many standard surveys. Instead, the goal of 

Delphi is to form a panel of high expertise on the research subject (Hasson, Keeney & 

McKenna 2000; Gracht 2008, 42), hence the panelists are called “expert panelists”. The 

expert panelists are selected for a purpose; to apply their knowledge on a certain problem 

(Hasson et al. 2000). However, the process lacks uniform guidelines, primarily because the 

definition of "expert" varies across Delphi research. Identification often relies on diverse 

criteria, with job function and position being among the most frequently utilized measures. 

(Gracht 2008, 44). According to Rowe and Wright (1996), when forming a panel of experts, 

it is crucial to ensure that the experts have appropriate knowledge on the research subject, 

and that the group is heterogenous. Gracht (2008, 44) adds to this by stating that it is equally 

important that the panelists have a high interest in the study, as a Delphi often requires more 

effort than conventional one-round survey. For this study, the selection of expert panelists 

was conducted through a nomination process, facilitated by recommendations from multiple 

colleagues of the researcher. The primary criterion for selection emphasized the requirement 

for panelists to possess several years of experience within supply chain management, 

specifically in roles relevant to the study's focus. This approach ensured that the panel 

comprised individuals with a deep and relevant expertise, crucial for the understanding and 

analysis of the futures of digital supply chains.  

According to Gracht (2008, 45) Deciding on the size of the Delphi panel is as debated and 

contentious as the process of selecting experts. There are no specific rules on how many of 

how many experts should a Delphi panel consist of, and opinions on the optimal size of a 

panel vary among scholars (Gracht 2008, 45; Kembro et al. 2017). According to Gordon 

(1994) most studies involve 15 to 35 experts, though some have expanded to include 

hundreds or even thousands of participants to capture broader insights. Kembro et al. (2017) 

and Hasson et al. (2000) caution against oversized Delphi panels. According to Hasson et al. 

(2000) while a larger sample size may generate more data, this can lead to challenges in data 

handling and potential analysis difficulties, especially if a qualitative first round approach is 

employed. Kembro et al. (2017) advise that the panel size should not exceed 30 experts as 

larger groups tend to generate few additional insights and limit the exploration of the insights 

that do emerge throughout the study. Rowe and Wright (1996) suggest that an ideal Delphi 

panel should comprise 5 to 20 participants. However, Kembro et al. (2017) argue that this 
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range falls short, advocating for a minimum of 20 participants to ensure a comprehensive 

sample.  

In alignment with the diverse recommendations regarding the size of Delphi panels, the 

initial number of participants chosen to contact for the panel was 24. Each of these potential 

panelists were approached via email containing invitation to join the panel as well as 

information about the study’s key concepts, objectives, and the research method. This 

decision was influenced by Gordon's (1994) recommendation of individual communication 

with potential panelists, suggesting that individual contact could enhance participation rates 

and engagement. Of the 24 potential panelists contacted, a promising number of 18 accepted 

the invitation, demonstrating initial interest and availability to contribute to the study. 

However, as the research process unfolded, there was a slight attrition in participation. Only 

15 of these 18 panelists went on to fully engage with the study by completing the first 

questionnaire. In the first questionnaire, panelists were requested to provide background 

information about their current position, the industry they operate within, and their years of 

experience in the field of supply chain management. This data is displayed in Table 3. The 

collection of background information serves a dual purpose: it not only facilitates a thorough 

evaluation of the panelists' expertise but also allows for an assessment of the panel's 

heterogeneity. All 15 panelists completed also the second questionnaire. 
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Table 3 Expert Panelists’ background 

 

 

Determining the optimal number of rounds in a Delphi study is nuanced, influenced by a 

factors such as time constraints, the design of the inquiry (be it a singular broad question or 

a set of specific ones), and the imperative to mitigate participant fatigue (Hasson et al. 2000). 

The evolution of the Delphi method from its origins at the RAND Corporation—where a 

minimum of three rounds were typical, starting with an open-ended "brainstorming" phase—

to its current iterations highlights the adaptability and variable nature of this research 

technique (Gracht 2008). Recent adaptations have seen a trend towards limiting the process 

to two or three rounds to balance thoroughness with efficiency and participant retention. This 

shift acknowledges that while additional rounds can refine consensus, they also heighten the 

risk of participant drop-off due to fatigue or time pressures (Gracht 2008; Hasson et al. 

2000). As such, modern Delphi studies often deviate from the classical model, opting for 

fewer iterations that are sometimes predetermined or influenced by specific stopping criteria 

to ensure engagement and minimize attrition (Gracht 2008). Ultimately, the decision on the 

Expert Position Industry
Years of 

experience

1 Strategic Process Lead Telecom 25

2 Architect, SCM Forest 27

3 Business design lead - Supply Chain
Manufacturing / Process 

industry
14

4 Supply Chain Director Textiles 15

5 S&OP Manager Textile Rental 17

6 VP, Global Logistics Management Industrial Machinery 10

7 Senior Manager Forest 20

8 Vice President, Supply Chain Forest 7

9 Solution Architect Forest 18

10 Head of Supply Chain Food 15

11 VP, Group Process Development, Supply Chain Forestry 25

12 Director, SCM and S&OP development Chemical manufacturing 10

13 Head of Supply Chain Excellence Painting & Coating 11

14 Director, Supply Operations Machinery 25

15
Solution Expert, Logistics and Lead Product 

Designer
Manufacturing 36
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number of Delphi rounds remains a strategic balance, aiming to maximize insight and 

consensus within the practical limits of the study's scope and the participants' capacity for 

sustained engagement. Considering these recommendations and acknowledging the 

constrained timeframe for this research, it was determined that the Delphi study for this 

thesis would be carried out in two rounds. 

The Delphi iteration process employed in this study was facilitated through the use of a web-

based platform, eDelphi. Participants were provided with a link to access the questionnaire 

at the beginning of each round, with approximately one week allocated for the completion 

of responses. Following the submission of the first set of responses, there was a one-week 

intermission, allowing time to analyze the gathered data. Based on the insights derived from 

the initial analysis, a second questionnaire round was developed. The high degree of 

consensus achieved in the first round removed the need for revisiting the initial questions. 

Instead, the second round offered an opportunity to go deeper into the previously discussed 

topics. It aimed at proposing potential solutions and sought the panelists' evaluations of these 

solutions concerning the scenarios outlined in the first round. In addition to the 

questionnaires, panelists were sent a comprehensive report summarizing the outcomes of the 

first round. This report included detailed insights into the consensus levels and median 

responses, thereby equipping the panelists with a contextual understanding of the collective 

perspectives as they progressed to the next round.. This methodological approach not only 

facilitated a structured and iterative exploration of the subject matter but also ensured that 

the panelists were well-informed and engaged throughout the process. 

4.3  Data analysis 

As reaching consensus of the expert panel often stands as the principal aim of a Delphi study 

(Gracht, 2008, 51), the data analysis in this thesis is primarily directed towards evaluating 

the levels of consensus achieved across the two rounds of questionnaires. Consensus is 

among the most debated aspects of the Delphi method, with its measurement showing 

significant variation. This variability stems from the contentious interpretation of the term 

“consensus” itself. As a result, researchers have adopted a variety of measures to identify 

when the expert panel has achieved an adequate level of consensus. (Gracht 2008, 51) Most 

common measurements for consensus are analyzing mean, median, mode, percentages, 
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rankings and standard deviations (de Meyrick 2003; Goodarzi, Abbasi & Farhadian 2018). 

For the Delphi method, there isn't a universally accepted ratio for consensus, since the level 

used is depending on the number of participants, the objectives of the research, and the 

resources available. (Hasson et al. 2000) Another frequently used statistic method in Delphi 

is measuring the interquartile range (IQR) (Rayens & Hahn 2000; de Meyrick et al. 2003; 

Goodarzi et al. 2018), which also known as interquartile deviation (IQD). IQR is the distance 

between upper and lower quartiles (Dekkin, Lopuhaä, Meester & Kraaikamp 2005). The 

IQR is calculated as the absolute difference between the 75th percentile and the 25th 

percentile, measuring the amount of variability in the dataset (Dekkin et al. 2005), where 

smaller values signify a greater level of consensus (Rayens & Hahn 2000). According to 

Rayens and Hahn (2000), an IQR of 1 or less is usually found to be a suitable consensus 

indicator 5-unit scales. 

Given these recommendations from literature, this study assesses the ranges, medians, and 

interquartile ranges (IQR) for consensus on each question. The range, median and IQR are 

calculated using Excel. The threshold for IQR is 1 as suggested in literature, meaning that 

consensus is not achieved in variables in which IQR is over 1. However, in these cases 

consensus may be re-evaluated using percentile-based evalutation. Ultimately, the overall 

agreement among panelists is investigated by employing Kendall's coefficient of 

concordance (W). Kendall’s W has been utilized in previous Delphi studies (Cooper, 

Gallegos & Granof 1995; Schmidt, Lyytinen, Keil & Cule 2001) to assess whether the 

consensus is reached and its strength (Schmidt 1997). For this study, the Kendall’s W was 

calculated using the R-Studio software. The interpretation of Kendall’s W is presented in 

chapter 5.4.  

The analysis is divided into three themes, representing the three research sub-questions. In 

the questionnaires, the scenarios and solutions were also divided into these themes. The three 

themes are as follows: (1) Dynamic Capabilities for Decision Making for research sub-

question “In the future of digital supply chains, how can organizations leverage information 

integration to enhance their dynamic supply chain capabilities for decision-making”, (2) 

Proactive and Effective Responsiveness for research sub-question “How can organizations 

proactively anticipate and respond to disruptions in integrated digital supply chains through 

dynamic capabilities”, and (3) Viability & Sustainability for research sub-question “How 

does the integration of digital supply chains influence the future viability of organizations?”. 
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The data from these themes are analyzed separately, however, they are integrated in the 

Discussion chapter to comprehensively address the main research question. 

4.4  Reliability of the method 

According to Lilja, Laakso and Palomäki (2011) the reliability of the Delphi method is 

dependent on three critical elements: the selection of experts, the size of the panels, and the 

process conduct, including the formulation of questions and the achievement of consensus. 

Loo (2002) states that some researchers have questioned the inherent reliability of the 

method, noting that the outcomes derived from different panels responding to the same 

question can vary significantly. This variability casts doubt on the stability of the results, 

suggesting that the consensus in later rounds may stem more from a pressure to conform 

rather than from a genuine convergence of opinion (Hasson et al. 2000; Loo 2002). In 

defense of the Delphi method, proponents argue that its use of small, non-random samples 

can still be highly effective if the selection of participants is carefully tailored to the study's 

aims. By establishing clear criteria for expert selection and determining an appropriate 

sample size based on expected response variation, the method can provide valuable insights, 

especially in complex areas where exact answers are elusive. (Loo, 2002) 
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5  Empirical findings 

This chapter presents the empirical findings of the Delphi study. It details the questionnaire 

findings from rounds one and two, with the results grouped into subsections by the 

aforementioned themes: (1) Dynamic Capabilities for Decision Making, (2) Proactive and 

Effective Responsiveness, and (3) Viability & Sustainability. Each theme aims to provide 

insight into each of the study’s research sub-questions. Lastly, the evaluation of overall 

consensus is conducted and presented through statistical analyses, utilizing Kendall’s 

coefficient of concordance test in R-Studio software. 

5.1  Dynamic Capabilities for Decision Making 

The first theme was Dynamic Capabilities for Decision Making. This theme was studied by 

developing three future scenarios for expert panelists’ assessments. These three scenarios 

were related to achieving real-time visibility in the supply chain, achieving enhanced 

responsiveness, and achieving optimized resource allocation all through information 

integration. Requesting the panelists to assess the probability and criticality of these specific 

scenarios is to gain insight of transformative impact of information integration on decision-

making within supply chains. These scenarios illustrate how information integration can 

support and strengthen dynamic capabilities, enabling organizations to make informed, 

timely, and strategic decisions in an increasingly complex and volatile environment.  

Table 4 presents the findings from the first round of the Delphi study's questionnaire on 

Theme 1: Dynamic Capabilities for Decision-making. The data regarding to the three 

scenarios under the Theme 1 were examined in terms of range, median, and interquartile 

range (IQR), in line with methodologies recommended in existing research, as presented in 

the previous chapter. It was observed that the assessments for both the likelihood and 

criticality of each scenario spanned from value of 3 (indicating a neutral position on both 

likelihood and criticality) to a maximum of 5 (signifying a high likelihood and very high 

criticality). This suggests a consensus among the 15 panelists that none of the scenarios were 

considered improbable or of low criticality. With the median consistently at 4 for all 

scenarios in terms of both probability and criticality, the collective evaluation of the panelists 
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leans towards a likely occurrence and high importance of these three scenarios. When 

examining the consensus achieved within theme 1, the analysis indicates that the 

interquartile range (IQR) spans from 0 to 1. Given that the threshold for consensus in this 

study is set at a maximum value of 1, as suggested in previous research, it can be concluded 

that full consensus was reached in the first round of the questionnaire for Theme 1: Dynamic 

Capabilities for Decision-making. 

 

Table 4 First Questionnaire round: Theme 1 

 

 

 

As high consensus was achieved in the first questionnaire round, the second round was 

conducted by presenting potential solutions for the scenarios and requesting panelists to 

evaluate the effectiveness of these solutions for realizing future scenarios. For each scenario, 

between two to three solutions were formulated to suggest potential strategies and to 

facilitate a deeper and particularly more concrete understanding of the configuration of 

digital supply chains. Table 5 displays the solutions for each scenario under Theme 1, along 

with the outcomes of the panel's evaluations. More detailed descriptions of the solutions 

were provided to the panelists and are available in Appendix 2. The median value for all 

IQRMedian*Range*Scenario

143–5Probability
1. In the future, organizations will achieve 

real-time visibility throughout the entire 

supply chain through information integration 143–5Criticality

043–5Probability
2. In the future, organizations will achieve 

enhanced responsiveness through digitally 

enabled information integration 0,543–5Criticality

0,543–5Probability
3. In the future, organizations will achieve 

optimized resource allocation through 

effective information integration 143–5Criticality

* Probability scale: 1 = Highly Unlikely, 3 = Neutral, 5 = 

Highly Likely                                                                   
Criticality scale: 1 = Low Criticality, 3 = Neutral, 5 = Very 

High Criticality
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solutions was 4, indicating high usefulness for achieving the envisioned future scenarios. 

However, consensus was not reached on two specific solutions: Supplier Collaboration 

Platforms in Scenario 2 and Integrated ERP Systems in Scenario 3, both showing an 

Interquartile Range (IQR) of 1.5. Consequently, there was insufficient consensus regarding 

the effectiveness of these solutions in realizing the respective future scenarios. 

 

Table 5 Second Questionnaire Round: Theme 1 

 
 

5.2  Proactive and Effective Responsiveness 

The second theme explored is Proactive and Effective Responsiveness. This was also 

examined through the development of three future scenarios designed for assessment by 

expert panelists. These scenarios focused on the Proactive and Effective Responsiveness of 

organizations, specifically: demonstrating proactive anticipation of disruptions in integrated 

digital supply chains (emphasizing adaptability), establishing effective response 

mechanisms to ensure resilience, and cultivating a nuanced and deep understanding of 

IQRMedian*Range*Proposed solutionScenario

142–5Supply Chain Control Towers
1. In the future, organizations will 

achieve real-time visibility 

throughout the entire supply chain 

through information integration
143–5

Cloud-Based Supply Chain 

Platforms

143–5
Demand-Driven Supply Chain 

Strategies2. In the future, organizations will 

achieve enhanced responsiveness 

through digitally enabled 

information integration

1,5**43–5Supplier Collaboration Platforms

143–5
Automated Decision Support 

Systems

0,543–5
Advanced Supply Chain 

Analytics3. In the future, organizations will 

achieve optimized resource 

allocation through effective 

information integration

1,5**43–5Integrated ERP systems

0,543–5Resource Scheduling with AI

*Usefulness scale: 1= No Use, 3 = 

Moderate Usefulness, 5= Very High 

Usefulness                                              

** IQR > 1,00
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adaptive strategies for effective responses to disruptions. Assessing these future scenarios 

provided critical insights into the strategic importance of dynamic capabilities in navigating 

the challenges of digital supply chain disruptions. By requesting panelists to evaluate the 

probability and criticality of each scenario, the aim was to gain insight of potential proactive 

anticipation and adaptive response strategies. These scenarios illustrate how organizations 

can not only withstand but thrive amidst disruptions by enhancing their adaptability, 

resilience, and strategic foresight in a rapidly evolving digital landscape.  

Table 6 presents the findings from the first round of the Delphi study's questionnaire on 

Theme 2: Proactive and Effective Responsiveness. In Theme 2, there was more variation in 

the range of values compared to Theme 1. For the fourth scenario "In the future, 

organizations will demonstrate proactive anticipation of disruptions in integrated digital 

supply chains, leveraging adaptability as a key strategy," the probability values ranged from 

2 (Unlikely) to 5 (Highly likely), with a median of 4, and criticality ranged from 4 (High 

Criticality) to 5 (Very High Criticality), with the median being 5. Despite the relatively wide 

range of values in probability, the IQR was valued at 1 for both probability and criticality, 

indicating enough consensus for the median to be considered the collective evaluation of the 

panel. Similarly, in scenario 5, "In the future, organizations will establish effective response 

mechanisms, ensuring resilience and agility in their approach to disruptions in integrated 

digital supply chains," the probability ranged from values 2 (Unlikely) to 5 (Highly likely), 

and criticality from 4 (High Criticality) to 5 (Very High Criticality), with the median being 

4 for both probability and criticality. The IQR was 1 for probability and 0 for criticality, 

advocating for consensus in the panel. On the sixth scenario, "In the future, organizations 

will cultivate a nuanced and deep understanding of adaptive strategies, enhancing their 

ability to proactively and effectively respond to disruptions in integrated digital supply 

chains," consensus was not achieved, as the IQR for probability was 2 and for criticality was 

1.5, thereby exceeding the set threshold of 1. Consequently, this scenario was excluded from 

the second round. 
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Table 6 First Questionnaire round: Theme 2 

 
 

 

Since the 6th scenario was excluded from the second questionnaire round, the second round 

only proposed solutions for scenarios 4 and 5. These solutions, part of Theme 2, are detailed 

in Table 7 along with the outcomes of the panel's evaluations. Appendix 2 contains 

descriptions of the solutions provided to the panelists. The range of panelists’ evaluations 

was broad, with the usefulness of the three proposed solutions — AI-Powered Risk 

Forecasting, Collaborative Networks and Information Sharing, and Supply Chain Visibility 

and Control Towers — rated from 2 (Low Usefulness) to 5 (Very High Usefulness). The 

median value was 4 (High Usefulness) for each proposed solution, except for Supply Chain 

Visibility and Control Towers, which had a median of 5 (Very High Usefulness). Despite 

the wide range of values, all IQR values were 1 or below, indicating a consensus among the 

panelists. 

 

 

 

IQRMedian*Range*Scenario

142–5Probability4. In the future, organizations will demonstrate 

proactive anticipation of disruptions in 

integrated digital supply chains, leveraging 

adaptability as a key strategy. 154–5Criticality

142–5Probability5. In the future, organizations will establish 

effective response mechanisms, ensuring 

resilience and agility in their approach to 

disruptions in integrated digital supply chains. 044–5Criticality

2**32–4Probability6. In the future, organizations will cultivate a 

nuanced and deep understanding of adaptive 

strategies, enhancing their ability to proactively 

and effectively respond to disruptions in 

integrated digital supply chains 1,5**43–5Criticality

* Probability scale: 1 = Highly Unlikely, 3 = Neutral, 

5 = Highly Likely                                                      
Criticality scale: 1 = Low Criticality, 3 = Neutral, 5 = 

Very High Criticality                                                   

** IQR > 1,00
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Table 7 Second Questionnaire Round: Theme 2 

 
 

5.3  Viability & Sustainability  

The third theme addressed was Viability & Sustainability. To explore this, the study 

proposed again three scenarios for expert evaluation, each focusing on a key aspect of digital 

supply chain integration: its influence on strategic decision-making, its role in improving 

operational efficiency, and its contribution to enhancing long-term sustainability. Experts 

were asked to assess the probability and criticality of these scenarios to understand the 

potential impact of digital supply chain integration on organizational viability. These 

scenarios seek to uncover insights into how digital integration can transform strategic, 

operational, and sustainability outcomes for organizations. By evaluating these scenarios, 

the research highlights the critical role of digital supply chains in enabling organizations to 

navigate the complexities of the modern business environment more effectively, thereby 

ensuring their future viability and success in an increasingly competitive and volatile 

marketplace. 

Table 8 presents the findings from the first round of the Delphi study's questionnaire on 

Theme 3: Viability & Sustainability. For the 7th scenario, "In the future, organizations will 

IQRMedian*Range* Proposed solutionScenario

042–5AI-Powered Risk Forecasting
4. In the future, organizations 

will demonstrate proactive 

anticipation of disruptions in 

integrated digital supply 

chains, leveraging 

adaptability as a key strategy.
142–5

Collaborative Networks and 

Information Sharing

143–5
Supplier Collaboration 

Platform5. In the future, organizations 

will establish effective 

response mechanisms, 

ensuring resilience and agility 

in their approach to 

disruptions in integrated 

digital supply chains.

152–5
Supply Chain Visibility and 

Control Towers

043–5
Cloud-based systems for 

Supply Chain Networks

*Usefulness scale: 1= No Use, 3 = 

Moderate Usefulness, 5= Very High 

Usefulness
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influence strategic decision-making through digital supply chain integration," both 

probability and criticality ranged from values 3 (Neutral Probability / Neutral Criticality) to 

5 (Highly Likely / Very High Criticality), with the median being 4 for both dimensions. For 

the criticality dimension, consensus was achieved as the Interquartile Range (IQR) was 

valued at 1. However, for the probability dimension, the IQR was valued at 1.5, thus 

exceeding the set threshold for consensus. The probability dimension’s consensus was re-

evaluated using a percentile-based approach, similarly utilized in a study by Seagle and 

Iverson [2002] (Gracht 2008, 53). Since 60% of the panelists’ evaluations were either 4 

(Likely) or 5 (Highly Likely), there was sufficient consensus for the scenario to be included 

in the second questionnaire round. In scenarios 8 and 9, the values ranged from 3 to 5, with 

medians being either 4 or 5. As all scenarios had an IQR valued at 1, sufficient consensus 

was established. 

 

Table 8 First Questionnaire round: Theme 3 

 

 

Lastly, table 9 presents the proposed solutions for Theme 3, along with the outcomes of the 

panel's assessments of the solutions' usefulness. Some proposed solutions were evaluated 

across a broad range, from 2 (Low Usefulness) to 5 (Very High Usefulness), with the median 

IQRMedian*Range*Scenario

1,5**43–5Probability7. In the future, organizations will influence 

strategic decision-making through digital 

supply chain integration 143–5Criticality

154–5Probability8. In the future, organizations will improve 

operational efficiency through digital supply 

chain integration 144–5Criticality

143–5Probability9. In the future, organizations will enhance 

long-term sustainability through digital supply 

chain integration 153–5Criticality

* Probability scale: 1 = Highly Unlikely, 3 = Neutral, 5 

= Highly Likely                                                      

Criticality scale: 1 = Low Criticality, 3 = Neutral, 5 = 

Very High Criticality                                                      

** IQR > 1,00
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value being 4 (High Usefulness) for every proposed solution. However, two solutions did 

not achieve sufficient consensus, as determined by the Interquartile Range (IQR). First, the 

proposed solution 'Collaborative Planning Platforms' for Scenario 7, 'In the future, 

organizations will influence strategic decision-making through digital supply chain 

integration,' had an IQR of 1.5. Second, the proposed solution 'Supplier Integration with 

Digital Platforms' for Scenario 8, 'In the future, organizations will improve operational 

efficiency through digital supply chain integration,' also had an IQR of 1.5. Therefore, these 

solutions did not achieve enough consensus for their respective scenarios. 

 

Table 9 Second Questionnaire Round: Theme 3 

 

IQRMedian*Range* Proposed solutionScenario

1,5**43–5
Collaborative 

Planning Platforms
7. In the future, organizations will 

influence strategic decision-making 

through digital supply chain 

integration 0,542–5
Predictive Analytics 

for Strategic Planning

1,5**42–5

Supplier Integration 

with Digital 

Platforms
8. In the future, organizations will 

improve operational efficiency 

through digital supply chain 

integration 142–4

Cross-Domain 

Analytics for Holistic 

Optimization

0,543–5

DSC Integration for 

Sustainable Sourcing 

Practices
9. In the future, organizations will 

enhance long-term sustainability 

through digital supply chain 

integration
143–4

DSC Integration for 

Supply Chain 

Resilience and Risk 

Management

*Usefulness scale: 1= No Use, 3 = 

Moderate Usefulness, 5= Very High 

Usefulness                                                           

** IQR > 1,00
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5.4  Evaluation of overall consensus  

In addition to calculating the interquartile range for each scenario and proposed solution, the 

overall consensus of the panel was also evaluated by utilizing statistical measures. The 

method utilized to gain insight of the group consensus was Kendall’s coefficient of 

concordance (W). The test was performed separately for each questionnaire round. The 

interpretation of Kendall’s W values is done by utilizing Schmidt’s (1997) interpretation 

presented in Table 11, with values close to 0 imply no agreement and values close to 1 

implying complete agreement.  

 

Table 10  The interpretation of Kendall’s W (Schmidt 1997) 

 

 

The results of the Kendall’s coefficient of concordance (W) test are presented in Table 11. 

The first round reported a Kendall's W of 0.204 with a p-value of 0.00002, indicating a 

statistically significant yet weak agreement among raters, according to the interpretation by 

Schmidt (1997). This suggests that there some level of shared understanding or consensus, 

although weak. In the second round, the consensus further weakened, as reflected by a lower 

Kendall's W of 0.147, though the agreement remained statistically significant with a p-value 

of 0.002.  

 

 

 

 

Confidence in RanksInterpretationW

NoneVery weak agreement0.1

LowWeak agreement0.3

FairModerate agreement0.5

HighStrong agreement0.7

Very highUnusually strong agreement0.9
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Table 11 Kendall’s coefficient of concordance (W) for Delphi rounds one and two 

 

 

Despite the statistical indications from Kendall’s W, other data observations, particularly the 

analysis of the interquartile range (IQR) and overall inspection of the responses, suggests 

that there was a relatively high level of consensus among the raters. This conflict suggests 

an issue with the rating scale used, as raters consistently avoided the lowest possible rating 

("1") both rounds. This non-use of the full-scale range could be impacting the interpretation 

of Kendall's W. When raters do not utilize the entire scale, it may artificially inflate the 

measures of agreement because the range of potential discrepancies among raters is 

diminished. Such a scenario might lead to an overestimation of how much raters actually 

agree on the assessed items. This indicates that the scale might not perfectly align with the 

items being evaluated, or it might reflect a leniency bias where raters are hesitant to assign 

the lowest scores. The R-Studio scripts utilized and the results of Kendall’s coefficient of 

concordance (W) for rounds one and two are presented in Appendices 3 and 4.  

 

 

  

p-valueKendall's WQuestionnaire round

0.00002*0.204Round 1

0.002*0.147Round 2

* p < .01
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6  Discussion and conclusions 

The aim of this study was to deepen understanding of the configuration of digital supply 

chains, with a particular focus on the crucial roles that dynamic capabilities and information 

integration play in enabling organizational success in the volatile market conditions of the 

future. The motivation for this study was prompted by the recognition that the future of 

supply chain management is fundamentally linked with digital integration and the fostering 

of dynamic capabilities that enable swift adaptation and resilience. This final chapter first 

discusses the study’s findings and conclusions, emphasizing the research questions and 

addressing the identified research gaps. Next, managerial implications are presented, aiming 

to contribute to practical advancements in the field of supply chain management. Lastly, the 

limitations of the study and suggestions for future research are outlined. 

6.1  Discussion of findings 

The themes, which were also provided to the Delphi panelists, were: (1) Dynamic 

Capabilities for Decision Making, (2) Proactive and Effective Responsiveness, and (3) 

Viability & Sustainability. The division of results into these thematic categories, in 

alignment with each sub-question, enhanced the clarity and depth of the analysis. Next, the 

findings are discussed through each theme. 

The first research sub-question explored by the first Delphi round was, “In the future of 

digital supply chains, how can organizations leverage information integration to enhance 

their dynamic supply chain capabilities for decision-making?” This question led to the 

development of Theme 1: Dynamic Capabilities for Decision Making. Under this theme, 

panelists were tasked with evaluating the likelihood and criticality of three future scenarios. 

All scenarios within Theme 1 were deemed likely and of high criticality for organizational 

viability and success in the markets. The expert panelists concluded that information 

integration is both likely and highly critical for organizations seeking to achieve real-time 

visibility across the entire supply chain, enhance responsiveness, and optimize resource 

allocation. These capabilities, identified as dynamic capabilities by Yan et al. (2022), suggest 

that information integration is essential for enhancing key dynamic capabilities such as 
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supply chain visibility, responsiveness, and resource allocation. These capabilities are 

crucial for effective organizational decision-making. Thus, the conclusion for the first sub-

question is that leveraging information integration to enhance these dynamic capabilities is 

not only a likely future scenario, as assessed by the Delphi panelists, but also critical for 

organizations aiming to maintain competitiveness in highly competitive supply chains. 

The second research sub-question “How can organizations proactively anticipate and 

respond to disruptions in integrated digital supply chains through dynamic capabilities?” 

prompted the Theme 2: Proactive and Effective Responsiveness. For this theme, panelists 

reached sufficient consensus on two out of three evaluated scenarios, enabling a reliable 

interpretation of the results. The two scenarios, on which the panel was unanimous, involved 

the proactive anticipation of disruptions and the establishment of effective response 

mechanisms through integrated digital supply chains. These scenarios were deemed both 

likely and highly critical. Interestingly, the future scenario in which organizations 

proactively anticipate disruptions in integrated digital supply chains, leveraging adaptability 

as a key strategy, was considered by the panelists as very highly critical. This suggests that 

the panel views this capability as one of the most important for organizations striving to 

remain competitive. The third scenario, however, did not achieve sufficient consensus 

among the panelists due to disagreements over the likelihood and criticality of developing a 

nuanced and in-depth understanding of adaptive strategies to proactively and effectively 

respond to disruptions in integrated digital supply chains. From this, it can be inferred that 

there is some uncertainty regarding how probable and crucial it is for companies to develop 

a nuanced and deep understanding of dynamic supply chain capabilities. 

The third theme of Viability & Sustainability was developed from the third research sub-

question: “How does the integration of digital supply chains influence the future viability of 

organizations?” Based on the panelists’ evaluation, the consensus is that there is a high 

probability that organizations will use digital integration to influence strategic decision-

making, and this is considered highly critical for their success. The anticipation of improving 

operational efficiency through digital supply chain integration is viewed as very likely, 

indicating that panelists see this as a near certainty, and consider it also highly critical. Lastly, 

enhancing long-term sustainability through digital supply chain integration is also 

considered probable and of very high criticality, suggesting that panelists believe investing 
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in digital supply chain integration is crucial not just for immediate operational response but 

for sustaining the organization in the long term. 

After reaching a high consensus on the first Delphi round, the possible solutions were then 

studied in order to gain more concrete information about the configuration of supply chains. 

This second round was employed by panelists evaluating the usefulness of predefined 

solutions. As in the first Delphi round, these solutions were divided into three themes 

deriving from the research sub-questions. 

Within Theme 1: Dynamic Capabilities for Decision-making, the panelists ascribed high 

usefulness to Supply Chain Control Towers and Cloud-based Supply Chain Platforms for 

attaining real-time visibility across the entire supply chain. Supply Chain Control Towers 

were noted as central hubs for monitoring and orchestrating end-to-end supply chain 

activities. Meanwhile, Cloud-Based Supply Chain Platforms were recognized for enabling 

the seamless integration and data sharing among supply chain partners. In the second 

scenario, focused on heightened responsiveness via digital information integration, two out 

of three solutions received a collective endorsement for their high usefulness: Demand-

Driven Supply Chain strategies and Automated Decision Support Systems. The third 

scenario, centered on achieving optimized resource allocation, saw a similar consensus on 

the high utility of two solutions: Advanced Supply Chain Analytics and AI-Enhanced 

Resource Scheduling. Advanced supply chain analytics empower predictive modeling and 

optimization algorithms, facilitating resource optimization through sophisticated scenario 

analyses. Theme 2: Proactive and Effective Responsiveness, encompassed solutions 

pertaining to the proactive forecasting of disruptions and the establishment of adept response 

mechanisms. Here, all proposed solutions were deemed highly useful by the panelists. 

Notably, Supply Chain Visibility and Control Towers were singled out as exceptionally 

beneficial, being the sole solution to attain this level of high regard. For Theme 3, which 

revolved around organizational viability and sustainability, four out of six proposed 

solutions garnered consensus and were rated as highly useful for fulfilling their designated 

scenarios. These were: Collaborative Planning Platforms, Predictive Analytics for Strategic 

Planning, Supplier Integration with Digital Platforms, Cross-Domain Analytics, Digital 

Supply Chain (DSC) Integration for Sustainable Sourcing Practices, and DSC Integration 

for Supply Chain Resilience and Risk Management. 
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6.2  Conclusions 

The main research question was “How do dynamic capabilities and information integration 

contribute to configuration digital supply chains?” This research question emerged from a 

notable research gap in the field, highlighting that while dynamic capabilities have been 

extensively studied within strategic management, their specific relevance and application to 

supply chain management, particularly in digital contexts, have been relatively 

underexplored, as pointed out by Ju, Park & Kim (2016). By integrating digital supply chain 

studies with established theories of dynamic capabilities, in line with the suggestions of 

Büyüközkan and Göçer (2018), this research question aimed to fill this gap, contributing to 

a more nuanced understanding of how dynamic capabilities and information integration can 

enhance supply chain configuration amidst market uncertainties. 

The research findings on the future of digital supply chains underscore the necessity of 

integrating advanced digital strategies to maintain competitiveness and viability in dynamic 

markets. The conclusion that leveraging information integration is crucial for enhancing 

dynamic capabilities such as supply chain visibility, responsiveness, and resource allocation 

aligns well with the views expressed by Kareem and Kummitha (2020), who noted the 

positive impact of capabilities like collaboration, agility, and responsiveness on operational 

performance, particularly in a changing environment. This emphasis on dynamic capabilities 

is supported by the consensus among Delphi panelists who deemed these factors as critical 

for organizational success, suggesting that real-time visibility and responsive decision-

making are fundamental to maintaining a competitive edge. The importance of proactive and 

effective responsiveness, as demonstrated by the research findings, reflects the need for 

organizations to anticipate and respond to disruptions swiftly. This capability is essential for 

survival in volatile markets and resonates with the strategic necessity for robust integration 

mechanisms highlighted by Prajogo and Olhager (2012). The Delphi panelists' emphasis on 

the criticality of proactively anticipating disruptions supports this idea. The research also 

emphasizes viability and sustainability through digital integration, which is critical for long-

term organizational success. The panelists' view that digital integration enhances strategic 

decision-making and operational efficiency aligns with Ngai et al. (2011), who found A 

smooth flow of information and materials enables organizations to monitor market 

requirements and facilitates the agile allocation of resources. The acknowledgment of digital 
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integration's role in improving operational efficiency and sustainability suggests that 

investing in such technologies is not just crucial for immediate responses but also for 

sustaining the organization in the long run. Furthermore, the findings from the second Delphi 

round, which focused on the usefulness of specific solutions like Supply Chain Control 

Towers and Cloud-Based Platforms, underline the importance of these technologies in 

achieving real-time visibility and effective resource allocation. These IT solutions, by 

enabling seamless integration and data sharing among supply chain partners, reflect the 

collaborative potential across multiple firms in a supply chain network as discussed by Defee 

and Fugate (2010) and Vanpoucke et al. (2015). This collaborative aspect is crucial for 

fostering an environment that supports the development of cutting-edge capabilities 

benefiting multiple partners. 

To sum up, to stay competitive in the evolving landscape of digital supply chains, 

organizations must adopt a comprehensive digital supply chain strategy, emphasizing 

dynamic capabilities, information integration, technological investments, and proactive 

responses to disruptions, while focusing on sustainability and resilience. This research 

explained how the integration of dynamic capabilities and information integration is crucial 

for configuring digital supply chains that are competitive, sustainable, and resilient. 

6.3  Managerial implications 

The study's insights into the future of digital supply chains suggest that organizations must 

navigate a landscape characterized by rapid technological advancements and evolving 

market demands. Managers must recognize that the integration of dynamic capabilities and 

advanced information integration through digital systems is central to remaining 

competitive. 

To successfully prepare for this future, managers should prioritize strategic investments in 

technologies that enhance transparency and coordination within supply chains. This research 

suggest that managers should consider a multi-faceted approach to integrating dynamic 

capabilities and information systems into their supply chains. To capitalize on the benefits 

of digital supply chain configuration, managers should invest in technologies that enable 

real-time visibility and information sharing, such as Supply Chain Control Towers and 

Cloud-based Platforms, which are crucial in enhancing decision-making capabilities. AI and 
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advanced analytics could potentially lead to optimization of resource allocation. 

Furthermore, the ability to proactively anticipate and respond to disruptions is recognized as 

a key competitive advantage. Managers should, therefore, implement AI-powered tools for 

risk forecasting and create collaborative networks that foster information sharing and joint 

decision-making among partners. Demand-driven strategies and automated decision support 

systems are also identified as critical in achieving heightened responsiveness. Effective 

reponse mechanisms could be established by cloud-based collaboration platforms. To ensure 

organizational viability and sustainability, managers are encouraged to integrate digital 

solutions that support predictive and cross-domain analytics and establish digital supply 

chain integration for sustainable sourcing practices as well as resilience and risk 

management. 

Overall, the managerial implication is a clear call for embracing a digital transformation with 

an emphasis on dynamic capabilities. Managers must not only focus on the immediate 

efficiency gains but also on the long-term strategic benefits of building digitally integrated, 

collaborative, and adaptive supply chains. 

6.1  Limitations and suggestions for future research 

This chapter outlines the primary limitations encountered during this research, which 

primarily stem from the application of the Delphi method. Recognizing these limitations is 

essential for interpreting the results and for guiding future studies that might explore similar 

topics. After presenting the limitations, this chapter gives suggestions for future research. 

In this study, the Delphi method was applied with a panel of 15 experts, a size deemed 

adequate by some scholars but considered limited by others for achieving generalized 

consensus. The homogeneity and small number of participants may have constrained the 

diversity of opinions and the generalizability of the findings. Furthermore, the inclusion of 

experts solely from Finland limits the broader applicability of the results, as these findings 

are specific to Finnish market dynamics and may not translate directly to other contexts with 

differing cultural, economic, and regulatory landscapes. The research was conducted over 

two rounds of the Delphi process, which, while effective, could have benefited from 

additional rounds. More rounds might have allowed for a deeper exploration and refinement 

of ideas. Specifically, it could have been beneficial if open-ended questions were posed in 
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the second round, enabling panelists to contribute more substantially from their areas of 

expertise. A subsequent third round for joint assessment and evaluation of these solutions 

from the open-ended questions could have leveraged the iterative nature of the Delphi 

method to achieve more nuanced insights. Another significant concern was the scale 

utilization bias observed among the raters. The reluctance to use the full scale, especially 

avoiding the lowest score, suggests a leniency bias or that the scenarios did not warrant such 

low ratings based on the experts' judgments. This discrepancy indicates a possible 

misalignment between the scale's design and the scenarios being rated, pointing to the need 

for scale adjustment to better capture variances in raters' opinions. 

These limitations highlight the challenges faced in this study and suggest areas for 

methodological improvements in future research. First, expanding the geographic scope of 

the panel to include experts from various global markets would enhance the generalizability 

of the conclusions. By engaging a diverse array of perspectives from different cultural and 

economic contexts, researchers can gain a more comprehensive understanding of how digital 

supply chain configurations might vary or maintain consistency across diverse 

environments. As this Delphi study focused mostly on the quantitative data and statistical 

analysis, future studies could benefit from qualitative methods and more open-ended 

questions, generating complementary data that enhances the depth of quantitative insights. 

Conducting detailed case studies of organizations that have successfully implemented 

innovative digital supply chain configurations could offer practical insights. These case 

studies could also highlight best practices and lessons learned that are applicable to other 

organizations. Future studies could focus on specific solutions and digital technologies that 

were found useful in this study, and their impacts on digital supply chain and dynamic 

capabilities. This could help in gaining deeper understanding how different technologies 

contribute to the resilience and adaptability of supply chains. 
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APPENDIX 3 R-Studio script and results of Kendall’s coefficient of concordance round 1 
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