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Summary

Market environments of organizations’ supply chains have become more competitive
and dynamic than ever, mainly for two reasons. First, recent disruptions have illustrated
supply chains’ vulnerability and put the public spotlight on efficient and effective supply
chain management. Second, customer expectations are ever-increasing, adding to the
fierce competition between supply chains. Thus, organizations must constantly innovate
their supply chain processes to stay competitive. Organizations have often focused on
product innovation to differentiate themselves from their competitors in the past. How-
ever, process companies like Amazon or Walmart outdo their competition today, facili-
tating radical and disruptive innovation in their supply chain processes. Technological
possibilities to enable process innovation seem endless in this regard. However, most
organizations struggle to keep up with technological possibilities, and also research has

failed to provide insights specifically for inter-organizational processes in this regard.

Consequently, this research aims to explain how organizations can systematically inno-
vate their supply chain processes by deploying technology purposively. It thereby advo-
cates explicitly for a problem-oriented approach towards process innovation. The thesis
handles the topic by examining four different aspects: (1) management of technology
pre-adoption, (2) analysis of innovation problems, (3) identification of typical problems
and solutions, and (4) integration of the individual findings into an overarching, action-
able method. The thesis utilizes socio-technical systems theory, task-technology fit the-
ory, and contingency theory as theoretical lenses to investigate these individual issues.
The research comprises four different studies deploying qualitative case studies, design
science research, systematic literature analysis, expert interviews, and quantitative clus-

tering.

The thesis’ results contribute to theory and practice by shedding light on the influencing
factors and corresponding design of technology pre-adoption in supply chain processes.
Moreover, they allow examining and classifying innovation problems in supply chain
processes and reduce the complexity of various technological applications and their de-
ployment. Overall, this dissertation provides organizations with a comprehensive and

detailed method to facilitate radical and disruptive process innovation systematically.



VII

Zusammenfassung

Der Wettbewerb zwischen Supply Chains von Unternehmen ist dynamischer denn je.
Einerseits haben jiingste Disruptionen die Anfélligkeit moderner Lieferketten verdeut-
licht. Andererseits fithren steigende Kundenerwartungen und strenge Regulatorien zu
erhohtem Wettbewerb zwischen Supply Chains. Um konkurrenzfahig zu bleiben, miis-
sen Unternehmen ihre Prozesse stindig hinterfragen und erneuern. Heute {ibertreffen
Prozessunternehmen wie Amazon oder Walmart ithre Konkurrenten, indem sie radikale
und disruptive Innovationen in ihren Supply Chain-Prozessen einsetzen. Die technolo-
gischen Optionen zur Ermoglichung dieser Prozessinnovationen scheinen in dieser Hin-
sicht endlos. Viele Unternehmen haben jedoch Schwierigkeiten, mit den dynamischen
Technologiemérkten Schritt zu halten, und auch die Innovationsforschung hat in dieser

Hinsicht noch kaum Erkenntnisse speziell flir interorganisationale Prozesse geliefert.

Ziel dieser Dissertation ist daher die Untersuchung, wie Organisationen ihre Supply
Chain-Prozesse durch den gezielten Einsatz von Technologie systematisch innovieren.
Die Arbeit plddiert dabei explizit flir einen problemorientierten Ansatz zur Prozessinno-
vation und behandelt das Thema durch die Untersuchung von vier verschiedenen
Schwerpunkten: (1) Management der Technologieadaption, (2) systematische Analyse
von Innovationsproblemen, (3) Identifikation typischer Innovationsprobleme und L&-
sungen sowie (4) Integration der Einzelerkenntnisse in eine praktisch anwendbare Me-
thode. Die Dissertation verwendet die Theorie soziotechnischer Systeme, die Task-tech-
nology fit-Theorie, und die Kontingenztheorie als theoretische Perspektiven, um diese
einzelnen Themen zu untersuchen. Die Forschung umfasst vier Studien, in denen quali-
tative Fallstudien, designwissenschaftliche Forschung, systematische Literaturanalyse,

Experteninterviews und quantitative Datenanalyse eingesetzt werden.

Die Ergebnisse der Arbeit leisten somit einen Beitrag zu Theorie und Praxis, indem sie
die Einflussfaktoren und die entsprechende Gestaltung der Technologievoreinfiihrung
in Supply Chain-Prozesse beleuchten. Dariliber hinaus ermoglichen sie die Untersu-
chung und Klassifizierung von Innovationsproblemen in interorganisationalen Prozes-
sen und reduzieren die Komplexitét verschiedener technologischer Anwendungen und
deren Einsatzmoglichkeiten. Insgesamt bietet diese Dissertation Unternehmen eine um-
fassende und gleichzeitig detaillierte Methode, um radikale und disruptive Prozessinno-

vationen systemisch zu ermoglichen.



1 Introduction

This thesis examines technology-enabled process innovation in supply chains. More
precisely, it analyses organizations’ approaches towards process innovation and fit be-
tween deployed technologies and process characteristics. Chapter 1, therefore, elabo-
rates the relevance of the topic from different perspectives. Section 1.1 takes the mana-
gerial perspective, Section 1.2 elaborates the theoretical problem setting, and Section

1.3 formulates the thesis’ goals.

1.1 Practical problem setting: barriers of process innovation at the in-

terfaces of organizations

Organizations face enormous pressure to improve their supply chains constantly.
Thereby, increasing competition between supply chains is taking the place of competi-
tion between single organizations (Marinagi et al., 2014). The causes of this growing
pressure are diverse. First, the pressure is customer-driven. Increasing expectations re-
garding service, individuality, customization, granularization of orders, and delivery
concepts amplify competition. Second, new sustainability requirements call for improv-
ing supply chain processes (Alicke et al., 2016). Third, the environments of supply

chains are more volatile, uncertain, complex, and ambiguous (VUCA) than ever.

To face these challenges, organizations and their supply chains need to improve agility
and resilience while maintaining a high level of cost efficiency (Bennett and Lemoine,
2014). Therefore, improving supply chain performance regarding different strategic
goals becomes crucial and contributes to the competitive advantage of supply chains,
especially from an inter-organizational perspective (Marinagi et al., 2014). The growing
pressure to improve performance draws attention to emerging technological develop-
ments and their facilitation to innovate supply chain processes. Recent studies have
shown high differences in performance between technologically advanced organizations
and those that only use lower-level technologies in their supply chain processes
(Geissbauer et al., 2020). Both cost and revenue-based benefits from investments in
supply chain improvements are more than twice as high for companies with technolog-

ically advanced supply chains (Geissbauer et al., 2020).

Amazon provides a famous example of how technological innovations can improve sup-

ply chain performance and provide a significant advantage over competitors. Amazon



claims to be a process company and has a high level of logistics insourcing with many
different technologies in use. Against common practice, they introduced a random ware-
housing system in their inventory operations. The concept itself is not new, but in com-
bination with carefully selected technological applications such as warehousing robots
and scanning systems, made this process innovation a great success. It also delivers
value to suppliers, customers, and third-party service providers through optimized in-
formation flow (Kessler, 2019). For Amazon, this process innovation enabled the reduc-
tion of click-to-ship cycles by 75%, increased warehouse inventory capacity by 50%,
and promised tens of millions of customers free two-day shipping (Kessler, 2019). It is
important to emphasize that Amazon did not aim for incremental improvement by uti-
lizing technology in their traditional processes but radically re-engineered their pro-

cesses enabled by novel technological capabilities.

Given this successful example and the rapid growth of technology markets, the benefits
of technology deployment in supply chain processes seem apparent. Nonetheless, tech-
nological advances in supply chain processes today in many organizations do not match
the possibilities. Organizations struggle to implement technologies in their processes for

five main reasons:

e Barrier 1: 1dentifying, selecting, planning, and implementing technologies con-
sumes high amounts of resources. Even more, because emerging technologies
require high levels of know-how, and the hardware itself is expensive (Autry et
al., 2010). Thus, effective resource allocation during technology pre-adoption

poses a significant problem for organizations (Busse and Wallenburg, 2011).

e Barrier 2: High uncertainty regarding the functionality and interoperability be-
tween new and existing systems in and beyond the organization poses a signifi-

cant risk of technology adoption (Winkelhaus and Grosse, 2019b).

e Barrier 3: Technology markets are broader and more dynamic than ever before
(Geissbauer et al., 2020). This overabundance in options adds to the uncertainty
of decision-makers on how to find the best fitting solutions for their specific

problems among a great variety of options (Autry et al., 2010).

e Barrier 4: Recent technological developments have brought forward different
characteristics than traditionally deployed technologies or information systems.

Often summarized under /ndustry 4.0, these emerging technologies are highly



interconnected and enable high physical data integration. Although these charac-
teristics make technologies like cyber-physical systems especially relevant for
supply chain management (SCM) and logistics, they pose a barrier to adoption

as managers have no experience with them (Winkelhaus and Grosse, 2019b).

e Barrier 5: Supply chain processes are very complex to manage from a process
management perspective. They reach beyond company borders and are charac-
terized by different stakeholders with different interests. Moreover, often differ-
ent information systems and standards are in use. They simultaneously involve
different supply chain flows such as information, material, and financial or legal
assets, which must be accounted for in process design (Vom Brocke and
Rosemann, 2014).

Given these barriers to technology-enabled innovation in supply chain processes, organ-
1zations need support systematically identifying and selecting technologies for their pur-
poses, especially technologies with new characteristics (Closs et al., 1997a; Essakly et
al., 2019; Hamzeh and Xu, 2019). However, this problem becomes more complex as
identifying and selecting technologies isolated from the environment does not solve the
issue effectively. In practice, technologies seldom unleash their full performance impact
in a plug-and-play fashion. Research and practice agree that interactions between tech-
nology and context need to be understood and considered to leverage technology effec-
tively (Heine ef al., 2003). Therefore, it is necessary to identify and select technologies
from the vast and dynamic technology markets and carefully consider the supply chain

process and its environment.

At the intersection of process innovation and technology adoption, organizations utilize
different approaches to innovate their value creation processes. For incremental process
innovation, production management has defined successful approaches and philoso-
phies to enable systematic innovation (e.g., lean management, 5S, Toyota Manufactur-
ing System) (Gorecki and Pautsch, 2021). These approaches facilitate incremental pro-
cess innovation systematically and have a proven practical track record for continuous
process improvements. However, their impact on radical or disruptive process innova-

tion is limited.

In the context of radical or disruptive process innovation, systematic approaches are

widely missing in practice. It can be argued if it is possible to fully understand and



enable radical or disruptive innovation. Other innovation disciplines have shown at-
tempts to do so. For example, Gassmann et al. (2016b) have developed a practice-ori-
ented model to facilitate radical business model innovation by analyzing best practices
from different approaches and integrating them into an overarching method. However,
similar approaches are still missing in the context of process innovation, especially con-
sidering inter-organizational supply chain processes. Thus, in practice, organizations are
often approaching disruptive or radical innovation in their processes in an unsystematic

way, revealing the following shortcomings:

o A direct translation of processes with a novel technology: The process is trans-
ferred with minor changes to a new technological system. The radical or disrup-
tive potential of the technology is often not leveraged as the process remains sim-
ilar (Davenport, 1993).

o Technology-driven replacement of the current technology-process combinations:
Problems and potential solutions are not analyzed systematically. Potentially bet-
ter solutions are missed, or solutions are determined too early (Haberfellner et
al., 2019). Often, individual technologies are identified and selected based on
biases or personal experiences rather than systematically, whereby the rationale

for this is unknown (Lianguang et al., 2012).

e Trial and error: Different solutions are iterated in an agile manner. This approach
can consume many resources until the solution fits the requirements. This ap-
proach provides solid results for minor tools or apps deployed in the organization
but is not suited for large-scale strategic technology decisions (Haberfellner et
al., 2019).

To sum up, practice calls for approaches that facilitate systematic analysis of existing
processes, derivation of requirements, and matching these requirements with technolog-
ical capabilities. Thus, a method that matches process and technology characteristics on
an abstract level is necessary to leverage the full potential of technology-enabled process
innovation in supply chains. This way, the novel approach systematically enables pro-
cess innovation for radical and disruptive innovations. Figure 1 illustrates common ap-
proaches to process innovation (i.e., direct innovation) and compares them to the ideal-

typical approach suggested by this thesis.
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Figure 1: Ideal-typical procedure for radical and disruptive process innovation

1.2 Theoretical problem setting: scholars’ lack in theoretical under-

standing of technology deployment

Identification and selection of technologies become crucial activities in SCM, as de-
ployed technologies must fit the specific purpose and environment. This fit is a measure
for resulting benefits during the early stages of technology initiatives, when cost and
risk are still comparably low (Selensky and Hofmann, 2020a). Recently, much attention
has been given to emerging technologies and their potentially disruptive impact on
SCM. In contrast to this excitement, especially in research and consultancy reports,
many technologies have failed to live up to these high expectations in practice so far.
For example, despite the growing number of initiatives, distributed ledger technology
(DLT) has failed to prove its practical impact (Roeck et al., 2020). Even regarding tech-
nologies for which a performance impact in supply chains was empirically proven, or-
ganizations still need to evaluate skeptically if this impact can be achieved for their spe-

cific problem.

Many scholars question the subtle notion that the adoption of technologies itself leads
to higher levels of supply chain performance. Instead, certain other aspects need to be
considered, such as successful implementation, acceptance of the technology by the us-
ers, utilization, and the fit of the technology’s capabilities with the requirements, among
others (Dishaw and Strong, 1999; Goodhue and Thompson, 1995; Liu et al., 2016; Autry
et al., 2010). To anticipate how these necessary conditions can be met by technology
deployment in supply chain processes, the concept of fit poses a promising tool in in-

formation systems literature (Goodhue and Thompson, 1995; Zigurs and Buckland,



1998) as well as in contingency theory (Van de Ven and Drazin, 1984) and operations

management literature (e.g., Drazin and Van de Ven, 1985).

Existing research analyzed technology identification, selection, and fit measures be-
tween technology and environment in many research contexts individually. However,
regarding the context of identifying and selecting technologies to innovate supply chain
processes, empirical and explorative research and the application of the fit perspective
are still widely unknown. In general, research on the identification and selection of tech-
nologies in SCM, especially considering inter-organizational aspects and taking differ-
ent technologies from an integrative perspective into account, is still very scarce
(Hamzeh and Xu, 2019; Selensky and Hofmann, 2020b). Moreover, existing approaches
leave little space for problem-specific adjustment to real-world conditions and provide
little insight into the primary constructs of successful technology identification, selec-
tion, and technology fit (Bourlakis et al., 2020; Selensky and Hofmann, 2020b).

There is a need for research on how organizations can identify the right technologies
from competing options and integrate them to innovate existing processes in SCM. Es-
pecially theoretical explanations on how managers approach the potential of a specific
technology and justify its benefits are necessary, as recent calls for paper indicate clearly
(Bourlakis et al., 2020). Although innovation literature, in general, can suggest clues on
these issues, it is essential to note that process innovation is dissimilar to other innova-
tion types such as product innovation in many ways and thus needs to be addressed by
specifically dedicated research (Un and Asakawa, 2015; Radnejad and Vredenburg,
2019).

1.3 Thesis goal: enabling systematic innovation and process-technol-

ogy fit

Based on the managerial and theoretical relevance of the topic outlined in Sections 1.1
and 1.2, this section derives a clear overarching research objective. This thesis examines
the fit between technologies and innovation problems in supply chain processes. More

specifically, the thesis intends to achieve the following goal:

Research objective: Developing a method to enable organizations to systemati-
cally innovate their inter-organizational supply chain processes by deploying

technology and achieving process-technology fit.



Thereby, special consideration is given to the fit between the process, its environment,
and the technology deployed to maximize performance outcomes. In sum, the thesis thus
aims to elaborate propositions on how to ensure this fit from an organization’s perspec-
tive while also considering inter-organizational aspects and supply chain partners, to

enhance supply chain performance through the deployment of technologies finally.

The overall research goal is approached by pursuing three subordinate research objec-
tives related to each other and the primary goal. More specifically, the subordinate re-
search objectives address both how organizations must manage the innovation proce-
dure and the content of the process innovation. Figure 2 provides an overview of the

thesis’ research goals based on the managerial and practical implications.

Regarding managing innovation in inter-organizational processes, the thesis aims to an-
alyze the management process of technology identification and selection from an organ-
izational perspective, considering interfaces with network partners. Thus, it aims to
identify factors influencing technology management in SCM and propose corresponding
responses. From a content-based and technical perspective, the thesis’ objectives are
twofold. First, it aims to identify typical technology-enabled process innovations and
underlying innovation problems in supply chains and to conceptualize them. Research-
ers and practitioners can use them as guidance to identify relevant characteristics when
analyzing technology deployment and process innovation in SCM. Second, the thesis
aims to elaborate the concept of fit, as investigated in other research fields, specifically
for technology-enabled innovation in supply chain processes. This elaboration results in
a generic descriptive model, indicating which technologies fit specific innovation prob-

lems.

In sum, the thesis aims to provide a method for systematically analyzing innovation
problems in supply chain processes and finding fitting technological solutions to enable
radical or disruptive innovation. Therefore, it relates to the procedural and content di-
mensions. The first dimension guides how the analysis should be conducted and is thus
mainly related to the organization's social system. On the other hand, the content dimen-
sion describes characteristics of innovation problems, technologies, and fit and thus
mainly relates to the organization’s technical system. However, the many inter-relation-

ships between these systems are analyzed in detail during the thesis.
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Relevance of research on process
innovation and process-technology fit

in supply chains

External challenges force organizations to
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incremental innovation is very limited.

Emerging technologies provide solutions for
radical and disruptive innovation.

Organizations struggle to implement new
technologies into their supply chains.
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Practice lacks approaches that facilitate
systematic innovation while ensuring fit of
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Missing theoretical research on how
managers approach specific technologies.
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1.

Research objectives

Examination of the fit between technologies and innovation problems in inter-organizational supply chain processes
and the development of a method to support organizations to innovate processes by utilizing technology.

a)

b)

Procedural perspective: Identification and analysis of influencing factors on the management of technology pre-
adoption and actionable advice for its design.

Content perspective: Formal description of fit between requirements of processes and capabilities of
technologies, and actionable advice how to achieve this fit.

Figure 2: Overview of managerial and theoretical relevance and research objectives




2 Fundamentals

This chapter provides the conceptual basis for research on technology-enabled process
innovation in supply chains. First, Section 2.1 defines processes in supply chains and
elaborates their specific characteristics. Second, Section 2.2 summarizes and classifies
the necessary groundwork from the business process management literature. Third, Sec-
tion 2.3 characterizes technological innovation in supply chains based on current re-
search. Last, Section 2.4 classifies different types of innovation and places the thesis’

understanding of innovation against the literature.

2.1 Characterization of processes in supply chains

Mentzer et al. (2001, p. 4) define supply chains as “a set of three or more entities directly
involved in the upstream and downstream flows of products, services, finances, and/or
information from a source to a customer.” Accordingly, supply chain management
(SCM) can be defined 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, to improve the long-term performance of

the individual companies and the supply chain as a whole” (Mentzer et al., 2001, p. 18).

It is essential to note the inter-organizational emphasis of coordination and performance
in this definition. Besides the given definition, different perspectives on SCM exist.
Mentzer et al. (2001) screen extant literature and distinguish three perspectives on SCM:
SCM as a management philosophy, SCM as the implementation of management philos-
ophy, and SCM as a set of management processes. As this dissertation focuses on supply
chain processes, it adopts the process perspective by specifying the definition given
above and viewing SCM as “the process of managing relationships, information, mate-

rials flows across enterprise borders [...]” (Mentzer et al., 2001, p. 10).

Based on this general understanding of SCM, different perspectives on supply chain
processes have to be considered. Literature often distinguishes between an organiza-
tional and a network level as critical perspectives in SCM. The organizational perspec-
tive is characterized by institutionalized management and focusing on a single organi-
zation’s goals. On the other hand, the network perspective considers the whole supply
chain characterized by a lack of formal hierarchy or institutionalized management.

Therefore, it must be assumed that all actors follow individual incentives but contribute
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to the network’s goal to maximize performance regarding the end-product (Kopfer et
al., 2005; Ojasalo, 2004; EBig et al., 2013).

The analysis solely at the organizational level does not seem suitable for the goals of
this thesis because supply chain flows have become highly inter-organizational, and col-
laboration with supply chain partners is highly influenced by new technology. Moreo-
ver, competition among supply chains pressures companies to collaborate even closer,

as elaborated in Section 1.1.

An investigation of technology-enabled process innovation from a neutral perspective
on the network-level does not seem purposeful for two reasons. First, a neutral institu-
tion to initiate and execute the process of technology pre-adoption does not exist in
practice. Thus, findings would hardly be applicable in practice, and access to empirical
data would be scarce. Second, technology pre-adoption primarily takes place in a single
company considering interfaces to supply chain partners. Network-level investigations
become meaningful only when a technology initiative has matured into the adoption or
post-adoption phase (e.g., the diffusion of the technology in the network after adoption

by an actor).

Because both perspectives do not seem to fit this thesis's goal fully, a supply chain-
oriented perspective is defined and utilized. The supply chain-oriented perspective pri-
marily takes the organizational level perspective, especially regarding the management
and execution of the technology pre-adoption process. The goals of the initiating com-
pany are the main focus of the pre-adoption considerations, but the goals of affected
supply chain partners are considered collaboratively. Thus, the supply chain-oriented
perspective views the focal organization as striving to maximize the process's overall

performance, including its own and partners’ performance.

Besides the organizational perspective, the thesis restricts the focus regarding the pro-
cesses considered. This work focuses on processes that reach beyond the organizational
level and involve exchanging materials, information, financial flows, or legal flows with
other supply chain partners. Figure 3 illustrates supply chain-oriented processes focused
on in this thesis. It can be noted that intra-organizational processes like intra-logistics
have a supply chain-oriented character due to the integration of information and finan-

cial flows that reach beyond the organizations’ boundaries.



Processes in supply chains can be modeled
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Figure 3: Examples of supply chain-oriented processes in supply chains!

2.2 Characterization of business process management and its core

components

Business process management (BPM) describes an integrated system for managing busi-

ness performance by focusing on end-to-end business processes. The research field of

business process management originates in two main intellectual antecedents: the qual-

ity approach and the process reengineering approach, which have gradually merged into

modern business process management (Vom Brocke and Rosemann, 2014).

! Supply chain flows regarding legal assets are omitted in Figure 3 for simplicity reasons.
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While the quality approach focuses on the execution of processes, the reengineering
approach focuses on process design mainly. It states that the process design determines
the performance limits of a process, and if the business requirements exceed these limits,
the process needs to be re-designed (Deming, 1953; Shewhart and Deming, 1986;
Hammer, 1990; Hammer and Champy, 1993). This thesis can utilize the foundations of
BPM because they provide a clear conceptualization of three fundamental constructs:
processes, the re-design or innovation of processes, and performance. These constructs
are addressed differently by the three major traditions of BPM: the management tradi-
tion, the quality control tradition, and the information technology (IT) tradition (Vom
Brocke and Rosemann, 2014; Shewhart and Deming, 1986).

The thesis utilizes these three traditions by adopting the need for process innovation
from the management tradition and by transferring the focus on technology usage of the
IT tradition into the industrial, physical asset-related context of the quality control tra-
dition. Thus, it addresses the gap at the intersection of SCM and BPM, where analysis

of supply chain-oriented processes with integrated flow objects is still in its infancy.

Research on processes management often uses the terms process, sub-process, and ac-
tivities to account for different hierarchy levels. Moreover, IS researchers often deploy
the term task to describe lower-level processes, especially on the individual level. How-
ever, the dissertation mainly uses the terms process and sub-process without differenti-
ating further between sub-processes. Nonetheless, the following definitions are adopted
for this thesis to streamline different understandings in literature and practice (Weske,
2007; Rummler and Ramias, 2010b; Aguilar-Saven, 2004; Davenport, 1993):

e A process consists of a set of activities that are performed in coordination in an
organizational and technical environment. These activities jointly realize a busi-
ness goal. A process may be divided into different sub-processes, each following

the exact definition of a process.

e The activities performed in a process characterize units of work that take different

kinds of input and create an output of value.

Regarding tasks, definitions appear to conflict with each other slightly. For example,
some references provide an individual-centric definition of tasks as actions carried out
by individuals in turning inputs into outputs (Goodhue and Thompson, 1995). Others

use the terms activity and task synonymously (e.g., Weske, 2007; Rummler and Ramias,
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2010b) or define tasks as not further refined activities, i.e., the lowest level of subdivi-
sion (Chinosi and Trombetta, 2012). As the boundary between activities performed by
systems and individuals diminishes, the terms of activity and task are used and inter-
preted synonymously as lower-level sub-processes in the context of the thesis, both fol-

lowing the value-based definition given above.

2.3 Characterization of technological innovations in supply chains

Autry et al. (2010) define supply chain technologies as the tools and/or techniques that
may be implemented in order to effectuate integrated supply chain management within
or across organizational boundaries. In recent years, technological innovation and tech-
nology deployment in supply chains have received growing interest. This interest led to
an increasing pace of practical discussion and scientific publications on the topic. There-
fore, this subsection aims to introduce the major technological trends and draw a picture
of their interplay in supply chains. This interplay can be seen as a vision for future supply
chains, enabled by emerging technologies allowing inter-connectedness of all actors and
things along the supply chain. This vision is often referred to as Industry 4.0 or Supply
Chain 4.0; however, this thesis does not limit itself to Industry 4.0 technologies
(Geissbauer et al., 2020).

Recent literature identifies seven major technological trends affecting supply chain pro-
cesses: the internet of things (IoT) and cyber-physical systems (CPS), cloud computing,
big data analytics, distributed ledger technology (DLT), additive manufacturing, and
robotics. The thesis considers all these main technological trends because they represent
great potential for supply chain process innovation and lead to challenges due to their
new characteristics, as described in Chapter 1. However, the thesis does not strictly de-
lineate but instead applies a holistic perspective on technology. This work focuses on
technologies that facilitate supply chain flows between actors and enable the integration

of flow objects (i.e., materials, information, financial and legal assets).

The role of the beforementioned technological trends in supply chains and their potential
to facilitate and innovate supply chain-oriented processes and integration of flow objects

is elaborated shortly in the following:

e JoT envisions an omnipresent internet and comprises the physical world by ena-

bling the communication of physical objects (Mattern and Floerkemeier, 2010).
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The term summarizes different technologies such as RFID, Bluetooth, or GPS.
[oT facilitates data collection, data transmission, and information sharing in sup-
ply chains and thus bridging the gap between physical flows and information
flows and between supply chain actors (Azzi et al., 2019; Garrido-Hidalgo et al.,
2019a; Meyer et al., 2014). Examples of the impact of 0T in supply chains are
possibilities for real-time monitoring of item conditions and information trans-

parency in inter-organizational settings (Bienhaus and Haddud, 2018; Tu, 2018).

CPS describes the integrations of computation with physical processes through
embedded computers and networks. They monitor and control the physical pro-
cesses using loops where physical processes affect computations and vice versa
(Winkelhaus and Grosse, 2019b; Lee, 2008). Thus, IoT and CPS build the back-
bone for integrating physical supply chain flows with information and financial

flows.

Cloud computing summarizes technologies that provide ubiquitous, on-demand
network access to a common set of configurable IT resources such as servers,
applications, or services (Mell and Grance, 2011). It represents a primary condi-
tion for many other technological applications, allowing flexible and scalable
technology deployment and information sharing in supply chains and reducing

transactional costs between actors (Talatappeh and Lakzi, 2020).

Big data analytics summarizes tools and methods that analyze complex data sets
to identify patterns and correlations. Due to more extensive data sets (e.g., phys-
ical, real-world data collected by CPS and IoT technologies), this poses the op-
portunity to extract previously inaccessible data and increase business intelli-
gence (Chen et al, 2015; Barenji et al., 2019; Alsghaier et al., 2017).
Furthermore, by processing collected data from various sources and
organizations, big data analytics provides new ways of monitoring and
forecasting in supply chain-oriented processes, also considering various

organizations (Handfield et al., 2019; Gunasekaran et al., 2018).

DLTs feature a ledger that is decentral distributed in a network. The well-known
example, blockchain technology, works as “a chronological chain of ‘blocks’
where each block contains a record of valid network activity since the last block

was added to the chain. Each block could be defined as an encrypted piece of
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information.” (Abeyratne and Monfared, 2016). DLT records information re-
ceived from existing systems in an immutable and traceable way and makes it
transparent for authorized supply chain actors (van Hoek, 2019b; Roeck et al.,

2020). Thus, it enables supply chain-oriented interaction.

e Additive manufacturing, often called 3D printing, represents technologies that
incrementally create objects by layering material. This layering stands in contrast
to most traditional manufacturing technologies, which usually subtract material
using specific tooling (Chan et al., 2018; Delic et al., 2019). Although additive
manufacturing represents a production technology and enables many new
product-related features, it also facilitates innovations in supply chain processes
as it allows for flexibility and automation through data-based, small quantity, and

on-demand manufacturing (Chekurov ef al., 2018; Sandstrom, 2016).

e Robotics describes machines capable of automatically carrying out complex
movements in programmable series. Highly relevant in automation, modern ro-
botics is often part of CPS. Thus, robotic systems enable physical fulfillment and
collect and transmit data using sensors and actuators (Morenza-Cinos et al., 2019;
Tsolakis et al., 2019).

There are many interactions between these main technological trends, so it is not
purposeful to analyze them separately or focus on only one. These interactions and
different functionalities along the supply chain yield great potential for integrated,
supply chain-oriented process innovation, and thus, the topic must be analyzed from a
holistic perspective regarding the technologies. Figure 4 presents an overview of the

interplay of the relevant technologies along the supply chain.
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Figure 4: Overview of relevant key technologies and their role in supply chains (adapted from Luu
(2020))

2.4 Characterization of innovation types

Innovation management is a broad and multidisciplinary research field. It is the subject
of research by sociology, economics, engineering, marketing, and psychology. How-
ever, given this broad application and different perspectives, innovation in its core al-
ways refers to the creation and adoption of something new (Gopalakrishnan and
Damanpour, 1997). In management literature, innovation is often seen as the basis for a

competitive economy (Porter and Ketels, 2003).

The most common distinctions of innovation in the literature include the subject of in-
novation, the source of innovation, the degree of innovation, and the scope (Boer and
During, 2001; Tidd, 2001). Frequently used subjects of innovation in literature, referring
to what is new in an organization, comprise products, services, processes, organizational
structures, or people (Knight, 1967; Tidd, 2001). The thesis delimits its focus on process

innovations, which can be defined as “the implementation of new or improved
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techniques, methods, and procedures” (Wagner and Bode, 2014, p.66). Process
innovation states a suitable focus for the thesis because the successful execution of SCM
requires the introduction of new processes and the re-engineering of existing processes
to facilitate the efficient and effective flows of products, information, and financial as-
sets among supply chain partners (Vijayasarathy, 2010). Moreover, supply chain
processes are expected to be highly affected by emerging technology (Hofmann et al.,
2019).

Improved techniques, methods, or procedures in process innovation often originate in
utilizing the latest technologies in anticipation or response to customer requirements
(Scannell et al., 2000). Although other sources of innovation than technology are
plausible (e.g., methods or management approaches), the thesis focuses exclusively on
technology-enabled innovation in processes (Brem ef al., 2016). This limitation seems
reasonable because research on new methods or approaches in supply chain processes
(e.g., lean management) has a long history already. Therefore, the thesis primarily
focuses on technologies that facilitate the integration and exchange of supply chain
flows (i.e., physical goods, information, and financial assets) between organizations,
including but not limiting itself to Industry 4.0 technologies. An overview of the most

significant technological trends was given in Section 2.3.

Academics have discussed and researched the interplay of process innovation and tech-
nology deployment intensely in the past. Performing a process unchanged but aided by
new technology will not necessarily lead to process innovation and thus also fail to lead
to relevant performance improvements. The critical discussion about IT usage in white-
collar jobs in the USA in the nineties has shown this issue illustratively. For this reason,
the dissertation views technology as an enabler of fundamental process changes and thus
innovation, as Davenport proposes in his early seminal work (Davenport, 1993). Hence,
a process innovation for this paper consists of a process change (i.e., re-design of the

process), which is enabled by technology.

Incremental, radical, and disruptive innovation can be distinguished regarding the
degree of innovation. Incremental innovation describes continuous improvement
through small changes, while radical innovations offer highly novel approaches.

Disruptive innovation describes a re-writing of the existing rules (Tidd, 2001; Dewar
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and Dutton, 1986). The thesis focuses on radical and disruptive innovation and leaves
incremental innovation out of scope. This delimitation seems reasonable as there is a
rich literature on continuous improvement already, and also in practice, many successful
approaches to enforce these incremental innovations exist (e.g., the lean management
philosophy). The potential in this area is thus limited. On the other hand, radical and
disruptive innovation is not fully understood yet, and also, in practice, companies
struggle with managing and promoting them, as outlined in Section 1.1.

Lastly, the scope of innovation describes to whom the innovation is new. This spectrum
can range from innovations that are new to the world to innovations that are only new
to a single individual. For this dissertation, innovations to the focal company or the
supply chain are inside the scope. This limitation is reasonable, as it fits the supply chain

setting and the managerial problems.

To sum up, the thesis considers radical or disruptive innovations in processes where the
primary source of innovation or “newness” originates in the deployment of new tech-
nology. Moreover, the dissertation focuses on innovations that are new to a specific
organization, including the interfaces with the network partners. Figure 5 provides an
overview of the different dimensions of innovation and their characteristics in a mor-

phological box. The dissertation focuses on the grey highlighted types of innovation.

Dimensions and sources Characteristics

What is new? Organi-
Subject Knight (1967), Tidd Product Service Process zational People
(2001) stucture

‘Where does the
newness originate
from?

Brem et al. (2016)

Management

Technol
echnology Methods approaches

Source

How new is it?
Degree Dewar and Dutton Incremental Radical Disruptive
(1986), Tidd (2001)

To whom is it new?
Scope Boer & During World Country Industry
(2001)

Supply Organi- Indivi-
chain zation dual

= Focus of this dissertation

Figure 5: Classification of innovation types and positioning of the thesis
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3 Literature review

Chapter 3 analyzes relevant literature on technology-enabled process innovation in sup-
ply chains to investigate how organizations can radically and disruptively innovate their
processes utilizing a systematical approach. The chapter builds upon the fundamentals
from Chapter 2 to conduct a more profound and systematic review of the relevant liter-
ature. Each section in this chapter summarizes insights from essential research streams,
as indicated in Figure 6. Section 3.1 illustrates the state of research on technology pre-
adoption, Section 3.2 on innovation in inter-organizational processes, and Section 3.3

on the theoretical understanding of efficient technology deployment (i.e., fit literature).

Business process

Operations management
management —

Process innovation in operations

Innovation management ‘

v

Technology Process innovation in supply - Supply chain
management chains management
Technology ¢ Supply chain
identification and - Technology-enabled process innovation

selection innovation in supply chains
Pre-adoption of technology in Innovation in inter-
supply chains organizational processes

L |

Fit literature on
technology deployment

Figure 6: Overview of relevant research streams

3.1 State of research on pre-adoption of technology in supply chains

Zhu et al. (2006) distinguish three phases when modeling technology adoption as an
ideal-typical process: pre-adoption, adoption, and post-adoption. Similarly, Gregory
(1995) proposes a technology management framework from a company’s perspective
composed of five generic steps: identification of technology, selection, acquisition, ex-
ploitation, and protection. Integrating these two widely used frameworks, technology
identification and selection can be summarized in the pre-adoption phase. The thesis
adopts this understanding of pre-adoption, including identification and selection, and
focuses on this phase because the managerial problems identified in Chapter 1 refer to

it especially (Scheiner et al., 2015).
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Researchers have focused less on technology pre-adoption compared to technology
adoption itself in the past’. However, two relevant sub-streams can be distinguished:
technology identification, which is often referred to as technology foresight, and tech-
nology selection. Regarding the first sub-stream, technology foresight examines how
companies identify external inputs for innovation to process and evaluate them later
(Vishnevskiy et al., 2015). Existing publications focus on the organization of this fore-

sight, success practices, and foresight in network firms (e.g., Rohrbeck et al., 2015).

Regarding the second sub-stream, research on technology selection in operations and
SCM examines identifying the most beneficial option from a set of alternative technol-
ogies (Singh and Sushil, 1990). A rich body of literature on the topic exists because the
critical importance of technology for supply chains’ competitiveness becomes increas-
ingly apparent (Hamzeh and Xu, 2019; Armayor et al., 2011b). Although the two sub-
streams are often researched separately, this thesis avoids a clear delineation between
technology identification and selection. The managerial problems raised in Section 1.1
arise from the difficulty of identifying relevant technologies in complex and dynamic
markets and selecting the most beneficial one. Because the two phases are highly inter-
twined, managerial issues arise during both phases. Therefore, the thesis analyzes them

combined with an emphasis on technology selection.

Hamzeh and Xu (2019) recently reviewed the technology pre-adoption literature. They
examined selection methods and applications in research from 1990 to 2017. Thereby,
they differentiate selection criteria into tangible, intangible, quantitative, and qualitative
categories based on the literature. Separating economic, technical, environmental, and
social criteria provides another grouping of selection criteria. Methods used during eval-
uation and selection comprise analytical hierarchy processes (AHP), data envelopment
analysis (DEA), fuzzy logic, financial analysis, mathematical programming, and hybrid
methods are the main categories in recent research. It is worth noting that these models

are applied on a very detailed level regarding technology and applied problems.

Analyzing important publications in the field in more detail, it becomes apparent that
most of the publications originate in operations research and predominantly analyze the

selection of production technologies (e.g., Naik and Chakravarty, 1992; Almannai et al.,

2 The literature review in Section 3.1 is partly overlapping with Appendix A, which can be consulted for more
detailed insights on technology pre-adoption literature.
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2008) and advanced manufacturing technologies for producing companies (e.g., Kuei et
al., 1994; Thomassen ef al., 2014). In addition, there are few relevant papers on the
adoption of technologies in supply chains (e.g., Liu et al., 2016; Zhang and Dhaliwal,
2009; Autry et al., 2010), but relevant work in this area refers to either very specific
sub-questions or superordinate topics, for example including supply network design
(e.g., Elhedhli and Gzara, 2008).

Most of the previous work has a conceptual nature from a methodological perspective.
Some papers solely rely on literature for modeling new selection approaches, tools, or
frameworks (e.g., Collins and Williams, 2014; Xia et al., 2017; Khatri and Srivastava,
2016; Armayor et al., 2011b; Farooq and O'Brien, 2012). Others illustrate developed
selection models or processes by application on a case study (e.g., Essakly ef al., 2019;
Chuu, 2014; Biiyiikozkan et al., 2012; Ribeiro et al., 2016). Only a few of the identified
publications are empirical. Thomassen et al. (2014) propose an approach for decision
support to select automation technologies based on the action research methodology.
Also, Farooq and O'Brien (2015) facilitate an empirical action research approach to de-

velop a technology selection framework from a supply chain perspective.

One of the few explorative studies on the topic is provided by Hassan et al. (2015),
analyzing factors affecting selection decisions of auto-identification technology in ware-
house management before contributing an own multi-stage selection framework. In ad-
dition to their literature review, the authors conduct a Delphi study to investigate key
decision-making factors and their importance. Generally speaking, empirical, qualita-
tive, and explorative studies are still scarce at the intersection of technology-pre adop-
tion and SCM.

To sum up, there is notable growth in technology pre-adoption research, especially re-
lated to product design and production processes. However, little attention has been paid
specifically to technology pre-adoption in SCM or inter-organizational processes
(Hamzeh and Xu, 2019). Moreover, existing research on technology pre-adoption lacks
methodological variety and examinations from different situational perspectives (e.g.,
research from an innovation management perspective), as most publications focus on
decision-making. Lastly, the identified literature lacks theory utilization and develop-

ment and 1s seldom grounded on empirical data.
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3.2 State of research on innovation in inter-organizational processes

Innovations in technology impact the performance of supply chain processes regarding
efficiency and effectiveness (Bowersox et al., 1999). These performance improvements
relate to the revenue-side of organizations by increasing competitive advantage (e.g., by
increasing sales) or by reducing the cost and asset utilization, among others (Lancioni
et al., 2000; Lancioni et al., 2003; Gunasekaran and Ngai, 2004). Therefore, the rele-
vance and the potential of process innovation in supply chains are widely acknowledged
in the literature®. However, few studies investigate process innovation in supply chains

in-depth and explore its content and the conceptual foundations (Arlbjern et al., 2011).

Two major research fields can be distinguished dealing with technological opportunities
in inter-organizational processes. First, information systems (IS) research studies the
topic under the term inter-organizational information systems (IOIS). These can be de-
fined as systems facilitating digital data transmission between separate organizations
(Kauremaa and Tanskanen, 2016). Publications in this research stream mainly investi-
gate necessary technological infrastructure for the inter-organizational exchange of in-
formation and identify and classify benefits of IOIS (Banerjee and Kumar, 2002;
Narayanan et al., 2009).

Moreover, IS research has often discussed technological support of inter-organizational
processes under the topic of electronic data interchange (EDI). However, researchers
conclude that while traditional business process management (BPM) methods have lev-
eraged impressive benefits on an organizational level (e.g., process efficiency, produc-
tivity, continuous improvement, or performance reporting), they hardly apply to inter-
organizational processes. Reasons for this limited applicability arise mainly due to the
utilization of different systems, standards, or protocols among different organizations
(Van der Aalst, 2013). Nonetheless, a research stream trying to leverage traditional BPM
methods for inter-organizational processes exists (e.g., Engel ef al., 2016). Similarly,
Oh et al. (2011) identify the need for organizations to expand process management onto
the inter-organizational level to stay competitive. However, existing publications only
focus on digital, information-based workflows while neglecting material, financial, or

legal flows.

3 The literature review in Section 3.2 is partly overlapping with Appendix B, which can be consulted for more
detailed insights on process innovation in literature.
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The second research stream studying technology and inter-organizational processes is
supply chain integration literature. Publications in this research stream mainly examine
the management of partner integration (e.g., Chen et al., 2009), the inter-relationship of
integration and performance (e.g., Wong et al., 2011), or antecedents of supply chain

integration (e.g., Wong and Boon-itt, 2008).

However, research in this field seldomly provides an integrated view on inter-organiza-
tional process design concerning technological capabilities and resulting performance
impacts. Existing research either focuses on IT in their analysis or supply chain integra-
tion, but the detailed inter-organizational processes that portray supply chain integration
are often neglected in extant research. Moreover, extant research at the interface of tech-
nology and inter-organizational processes mostly also takes a traditional IS perspective,
focusing on information flows mainly. This focus does not seem appropriate today as
emerging technologies aim towards a cyber-physical supply chain, integrating infor-
mation with other supply chain flows. In this context, researchers call for further studies

on the processes deployed in effectively used IOIS (e.g., Narayanan et al., 2009).

Besides these two major research streams, more distributed research exists on technol-
ogy and innovation in supply chains. A great variety of research focuses on explaining
and predicting the contributions of supply chain innovation in specific environments or
processes. However, current research rarely focuses on theoretical contributions to de-
sign and action regarding how to achieve technology-enabled process innovation in sup-
ply chains (Wong and Ngai, 2019; Bourlakis ef al., 2020). Therefore, researchers call
for coherent classifications to enhance conceptual understanding and operationalize sup-
ply chain process innovation (Wong and Ngai, 2019; Arlbjern et al., 2011). Thereby,
knowledge during the pre-adoption phase and insights on analyzing existing processes
to identify matching technological solutions is still scarce (Wang et al., 2019; Wong and
Ngai, 2019).

To sum up, IOIS, BPM, and supply chain integration literature inform research on inno-
vation in inter-organizational processes. However, publications from the IOIS and BPM
fields neglect integrated supply chain flows concerning physical, financial, or legal as-
sets. On the other hand, publications from the supply chain integration field lack a clear

process orientation. Research lacks theoretical contributions and practical approaches to
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facilitate inter-organizational process design considering technological capabilities,

such as methods or conceptualizations.

3.3 State of research on the theoretical understanding of efficient tech-

nology deployment

The concept of fit is widely used in literature to describe the inter-relationships of dif-
ferent constructs that lead to specific outcomes*. For example, contingency theory states
that the design of an organization must fit with the environment and its sub-systems.
However, it 1s applied to many other contexts and promotes the general notion that there
is no single best way to manage a situation (Fiedler, 1964). Another example is organi-
zational information processing theory. It identifies three essential concepts to explain
how organizations deal with complex and dynamic environments: information pro-
cessing needs, information processing capability, and the fit between the two to obtain

optimal performance (Premkumar et al., 2005).

Several models explain the interplay of technologies and their surroundings regarding
the specific relationship between technology and performance. In their meta-analysis,
Heine et al. (2003) identified 16 different models investigating the relationship between
technology and performance. Results of these models vary widely regarding their level
of analysis, which reaches from individuals, groups, and processes to whole organiza-
tions. Also, identified models vary in their definition of technology, either analyzing the
relationship for a particular technology or a very holistic view on technology, including
processes and people. Lastly, models differ regarding their performance measurement,
containing subjective and objective measures. Heine et al. (2003) find that these incon-
sistencies in construct definitions make it significantly challenging to compare findings

and build upon existing research in this field.

Four models identified explicitly deal with the fit between technology usage and perfor-
mance, while others express the constructs in moderation or mediating relationships.
These four models are the task-technology fit model (Goodhue and Thompson, 1995),
independent effects model (Georgantzas and Shapiro, 1993), effects of employee skills
on advanced manufacturing technology (AMT) performance model (Pagell et al., 2000),

4 The literature review in Section 3.3 is partly overlapping with Appendix C, which can be consulted for more
detailed insights on technology-fit models in literature.
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and process-technology fit on manufacturing performance model (Das and Narasimhan,
2001). For this thesis, the models of Goodhue and Thompson (1995) and Das and
Narasimhan (2001) are especially relevant because they explicitly focus on processes
and allow ex-ante evaluation of technology deployment in a specific context. They are
outlined in more detail in the following as the remainder of this thesis builds upon this
knowledge. Das and Narasimhan (2001) investigate the fit between process environment
and AMT and the resulting impact on manufacturing performance. They elaborate ideal
types of aligned process environments and AMT investments leading to superior per-
formance. However, their findings mainly concern manufacturing processes, differenti-
ating between job shops and assembly lines. Also, their study is particular regarding the
technology definition, solely focusing on AMT. Thus, their findings have limited poten-
tial for application in a supply chain setting with inter-organizational processes and are

unsuitable for different technologies.

In contrast, Goodhue and Thompson (1995) provide a broader perspective on efficient
technology deployment by their task-technology fit (TTF) model. Therefore, a literature
review on TTF research was conducted to identify seminal publications and applications
of the model. TTF describes the relationship between capabilities of information sys-
tems (IS), requirements of user tasks, and individual performance of the user. It states
that the higher the degree of fit between information system (IS) capabilities and task
requirements, the better the system deployment's performance impact (Goodhue and
Thompson, 1995). TTF was first published by Goodhue and Thompson (1995) and
proved the TTF measure, in conjunction with utilization of the system, improves job
performance and effectiveness of individuals significantly. The authors identified eight
dimensions of TTF, namely: (1) data quality, (2) locatability of data, (3) authorization
to access data, (4) data compatibility (between systems), (5) training and ease of use, (6)

production timeliness, (7) systems reliability, and (8) IS relationship with users.

These factors focus on meeting task needs for using data in decision-making, meeting
day-to-day operational needs, and responding to changing business needs. Shortly after
the first publication on TTF, Zigurs and Buckland (1998) presented an analogous model
for groups of individuals. Since then, different model variations have been developed
and applied in different contexts, representing variations in the constructs’ relationships.
For example, soon after TTF’s first publication, Dishaw and Strong (1999) proposed
integrating the TTF model with the technology acceptance model (TAM), another
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highly used model in IS literature. Fuller and Dennis (2009) extend the findings on tech-
nology and team performance by a time dimension, showing that a better fit regarding
technology and task plays a more significant role in short time frames. Over more ex-
tended periods, teams innovate and adapt to improve performance even for poorly fitted

technologies.

Applications of TTF in research refer to different types of IS and industries. For exam-
ple, Junglas et al. (2008) apply TTF to mobile locatable information systems using a
laboratory experiment. Additional to traditional TTF models, they could show that dif-
ferences between under-, over-, and ideal fit had implications on task performance.
Ratna et al. (2018) deploy the TTF model to the context of hotel reservation information
systems. They examine the effect of task and technology characteristics on the compat-
ibility of technology and task and the utilization of the information system. Fu et al.
(2019) apply TTF to enterprise social media usage in organizations based on different
task environments. However, Huscroft et al. (2013) are the only ones among the re-
viewed papers applying the TTF model to logistics or SCM processes. Their survey-
based study examines how the use of fitting information technology can support reverse
logistics processes by using processing effectiveness and cost-effectiveness as depend-

ent variables to measure performance.

To sum up, achievements in TTF research can be divided into the extension of the model
itself and the embedding in IS literature as well as the application in different practical
contexts. The model can improve the selection of technologies by anticipating the per-
formance impacts of possible technology deployment. However, the TTF model or sim-
ilar models have not been applied to processes beyond the individual level, especially
not in a supply chain-oriented context. Thus, the theoretical interplay of innovation
problems in supply chain processes and technologies deployed in these problems is still

not understood in extant research.
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4 Research gaps and research questions

This chapter derives the research gaps this thesis addresses based on the reviewed liter-
ature on technology pre-adoption, process innovation in inter-organizational processes,
and theoretical research on efficient technology deployment, as outlined in Chapter 3.
Each of the research gaps is approached with related research questions. The first re-
search gap poses the overarching research gap of this thesis, while the others provide
necessary insights to solve the overarching gap adequately. Each research gap relates to
one of the studies conducted in this cumulative thesis and summarizes its literature re-

view shortly®. The following research gaps are addressed:

A. Lack of approaches that enable organizations to achieve process innovation and

process-technology fit systematically.

B. Lack of research deploying a holistic management perspective on technology

pre-adoption and providing adaptable guidelines for organizations.

C. Lack of systematic conceptualization of innovation problems in supply chain pro-

CCSSES.

D. Lack of theoretical knowledge regarding the interplay of innovation problems in

supply chain processes and characteristics of technologies.

4.1 Research gap A: an approach for organizations to achieve process-

technology fit in inter-organizational supply chain processes

The literature reviews on innovation in inter-organizational processes and fit literature
on technology deployment (Sections 3.2 and 3.3) revealed the following shortcomings

in extant research:

o Lack of dynamic perspective in technology-fit models: Existing models view fit
as static interrelationships but seldomly explain how to achieve it from a dynamic

perspective (Heine et al., 2003).

o Lack of fit-consideration in process innovation approaches: Approaches to

achieve process innovation in general exist. However, they focus on the

5 The Appendix provides a more detailed derivation of the research gaps in form of the respective studies.
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management of innovation (e.g., people or culture) and leave the content-related

fit between innovation and innovation problems out of scope.

o Lack of specificity in generic models: Systematic approaches or processes models
exist, but they have no special consideration for process innovation or process-
technology fit. Approaches like Systems Engineering or agile methods like
Scrum and Design Thinking fall under this category for creative problem-solv-
ing. However, they do not consider specific content or fields related to the prob-
lem, making them too generic for particular problems like technology-enabled
process innovation in inter-organizational settings (e.g., Haberfellner et al.,
2019).

To sum up, existing research either provides very generic approaches for solving a wide
variety of problems, holistic guidelines for managing innovation in organizations, or
models theorizing on efficient technology use without providing ways to achieve it.
Given these shortcomings in existing literature, the overarching research question of this

thesis addresses the design of an approach to fill these gaps:

RQO: How can organizations identify and select technologies to systematically
innovate their inter-organizational supply chain processes by achieving pro-

cesses-technology fit?

4.2 Research gap B: management perspective on technology pre-adop-
tion

The literature review on the technology pre-adoption (Section 3.1) reveals that little at-
tention has been paid to explorative, empirical, and supply chain-oriented research in

the field. More precisely, the following shortcomings stand out:

o Lack of supply chain-specific pre-adoption research: Many publications on se-
lecting technologies in operations, especially intra-firm production technologies
like automation or auto-identification, exist (Hamzeh and Xu, 2019). These con-
tributions only seldomly take supply chain-oriented aspects like inter-organiza-

tional processes that reach beyond company boundaries into account.

o Lack of empirical, qualitative, and explorative research theorizing on the pri-

mary constructs when managing pre-adoption: The literature on technology pre-
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adoption has a strong methodological focus on conceptual research, whereas em-
pirical, qualitative, and explorative research has seldomly been applied. Regard-
ing their contribution, extant literature focuses mainly on developing and design-
ing selection frameworks, decision models, or process approaches. These publi-
cations try to find the best solution for a specific problem by following the best-
practice paradigm (Sousa and Voss, 2008). However, this paradigm is to be ques-
tioned, as conditions of companies are unique and variable, and existing solutions

in literature leave little space for adjustment.

e Lack of comprehensive models and approaches: Extant studies mainly deal with
one particular technology, whereas comprehensive models including different
technologies are still scarce. As technology markets have become more dynamic
and complex in recent years, practitioners and academics need holistic ap-

proaches to deal with constantly changing technologies.

o Lack of a management perspective on technology pre-adoption: Regarding their
perspective, most publications view technology selection as static and content-
based rather than as a complex, human-oriented innovation process. Innovation
processes have several properties that make them especially hard to manage.
Therefore, the management perspective must be considered in a supply chain-
oriented setting where different organizations are involved (Boer and During,
2001).

Because of these shortcomings in existing literature, the related research questions
mainly address the management perspective on technology pre-adoption concerning

supply chain-specific aspects.

RQ1.: What contingency factors influence the identification and selection of tech-

nologies from a supply chain-oriented perspective?

RQ1y: How must the process of identification and selection of technologies be
designed and managed to improve adoption decisions from a supply chain-ori-

ented perspective?
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4.3 Research gap C: characteristics of innovation problems in supply

chain processes

Innovation in supply chains has recently attracted considerable interest from research

and practice. Nevertheless, there is still limited knowledge of what constitutes process

innovation in supply chains and its distinctive characteristics. The literature review on

process innovation in inter-organizational processes (Section 3.2) revealed the following

shortcomings:

Lack of problem focus: Existing literature mainly follows the philosophy of tech-
nology push, examining the deployment of specific technologies and their impact
on supply chains (Bourlakis ef al., 2020). However, to successfully identify and
select technologies, it is essential to consider problem-pull. Hence, a proper un-

derstanding of the underlying problems in supply chain processes is necessary.

Lack of classification approaches to drive theoretical contributions. Existing re-
search provides insights on challenges regarding the adoption of technologies
(e.g., Ghadge et al., 2020). However, it rarely provides theoretical contributions
regarding process innovation design and implementation. In this context, re-
searchers call for the classification and operationalization of the construct of pro-
cess innovation in supply chains (Wong and Ngai, 2019; Arlbjern et al., 2011),
for theory-driven approaches to understanding emerging technologies in SCM,
and for theories that explain how managers can approach the potential of partic-

ular technologies (Bourlakis ef al., 2020).

Lack of focus on emerging technologies and inter-organizational processes:
Classification approaches related to innovation in supply chains focus on tech-
nologies and sub-areas of SCM mainly. However, literature in the field falls short
of providing insights focused on and considering the specialties of emerging tech-

nologies (e.g., Industry 4.0) and inter-organizational processes simultaneously.

The research question related to these gaps focuses on the problem side of process in-

novation and its characterization. It aims to identify the specific dimensions that define

innovation problems, especially considering inter-organizational aspects and potential

technology deployment.
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RQ2: What are the constituting dimensions and characteristics that define inno-

vation problems in supply chain processes?

Research gap D: archetypes of technology-enabled process innova-

tion and supply chain-oriented process-technology fit

The literature on efficient technology deployment (Section 3.3) identified the following

specific shortcomings in extant literature:

Lack of theory-driven approaches towards understanding Industry 4.0: Existing
studies do not theorize on the deployment of emerging technologies such as In-
dustry 4.0-technologies in supply chains. Researchers state the need for theory-
driven approaches to understanding emerging technologies in SCM and theories
that explain how managers approach the potential of particular technologies
(Bourlakis et al., 2020). Generally, literature on fit can be identified to have great
potential to address these needs. However, so far, existing models, including the
task-technology fit model, have mainly been applied on the individual or group
level and in the context of information systems. Therefore, extending existing
models onto the process level seems necessary with special consideration of in-
ter-organizational processes with integrated supply chain flows (e.g., information

and physical flows).

Lack of research considering individual technology-enabled process innova-
tions: There is a keen interest in emerging technologies and their application in
supply chain processes. However, extant research mainly focuses on its broad
technological implications (Bourlakis et al., 2020). Thus, there is still a lack of
research leveraging the vast number of specific, individual technological appli-
cations. Furthermore, attempts to structure technologies and SCM have focused
solely on technological or strategic considerations and are not based on empirical

data.
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The identified research gaps address the structured analysis of individual use-cases of
technology deployment and theory-driven approaches towards understanding technol-
ogy deployment in supply chains. Hence, the related research questions aim to utilize
empirical data to simplify the variety of use-cases and draw theoretical insights on their

primary constructs.

RQ3.: What are representative types of technology-enabled process innovation

in practice based on their constituting characteristics?

RQ3»: How can the fit between innovation problems in supply chain processes

and technology characteristics be described formally?
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5 Theoretical framing

This chapter defines the theoretical anchoring of the thesis. First, the general scientific
perspective on the topic is stated before important guidelines of theory selection are
described shortly. Then, resulting from these guidelines, relevant theories are identified
and discussed, especially evaluating their specific application within this thesis and pos-
sible contributions the thesis can make to the theories. Lastly, the overall theoretical

framework is presented.

5.1 Research philosophy

Ontology and epistemology often pose as fundamental components of research philos-
ophy. Ontology describes how a researcher views the nature of reality (Easterby-Smith
et al., 2021). Epistemology defines how a researcher thinks knowledge can be created
(Guba and Lincoln, 1994). Ontological and epistemological stances must be consistent,
as they influence the corresponding methodological approach used in the research, in-

cluding methods and techniques (Saunders et al., 2009).

Business research often defines ontology as the science of being (Blaikie and Priest,
2017). It elaborates on individual beliefs of what constitutes a fact. Especially in man-
agement literature, it handles whether social reality exists independently from the human
interpretation or not, thus if it exists objectively or subjectively (Saunders et al., 2009).
Objectivism highlights the structural aspects of management and organizations. Differ-
ences in management can be explained as a function of different objective aspects. Sub-
jectivism highlights that social phenomena are created by social actors' perceptions and
actions (Saunders et al., 2009). In the context of subjectivism, Remenyi et al. (1998)
stress the importance of understanding reality in-depth to find a more profound truth

behind the phenomenon.

The thesis takes the ontological stance of subjectivism because it is necessary to under-
stand the social interaction of relevant stakeholders of a supply chain process. Although
structures in affected organizations play an essential role in process innovation, they are
not sufficient to comprehensively analyze the phenomenon of technology-enabled inno-
vation in inter-organizational processes. Therefore, the thesis must take the perceptions
and actions of supply chain actors into account to find a more profound truth in different

aspects of process innovation, as Remenyi ef al. (1998) have put it.
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Epistemology explains the nature of knowledge and different ways to acquire
knowledge about social reality. Three main perspectives often differentiated are positiv-
ism, interpretivism, and realism (Saunders et al., 2009). Positivism views knowledge
generation similar to natural sciences as research on observable social reality. Realism
states that objects have an existence independent of the human mind. Finally, Interpre-
tivism emphasizes the need to understand differences between humans as social actors

and between researching objects contrary to people (Saunders ef al., 2009).

The thesis takes the epistemological stance of interpretivism because understanding hu-
man and social actions play an essential role in different aspects of the thesis. First,
innovation management is highly influenced by the executing manager and the affected
employees. Second, the resulting technological innovation is implemented in a social

setting that cannot be neglected.

5.2 Theory selection

As outlined in Chapter 4, this thesis builds on three major research streams: technology
pre-adoption, innovation of inter-organizational processes, and fit literature regarding
technology and performance. Different patterns in theory usage can be observed for

these research streams.

Literature on technology pre-adoption. Interestingly, the identified research on how to
conduct technology pre-adoption in organizations, especially technology selection, has
little recognizable tradition in utilizing theory. Many of the papers related to selection
or decision support do not utilize theory (e.g., Farooq and O'Brien, 2012; Baines, 2004;
Hassan et al., 2015). Also, Hamzeh and Xu (2019) do not identify patterns in theory
usage in their literature review. However, broader literature on innovation adoption or
technology search often deploys attention-based theory to model decisions made by or-

ganizations.

Literature on innovation in inter-organizational processes: In contrast, theory usage ex-
plaining how specific technological innovations impact supply chain processes are
highly diverse. For example, transaction cost theory is often used to explain efficiency
enhancements based on emerging technologies (e.g., Roeck et al., 2020). Moreover, the
technology acceptance model was often deployed to portray the social aspect of em-

ployee acceptance towards novel technologies in supply chain processes (e.g., Brandon-
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Jones and Kauppi, 2018). Lastly, socio-technical systems theory has its origin and a long
tradition in IS research to explain interactions and interdependencies of the technical

systems of an organization with the social systems (e.g., Sony and Naik, 2020).

Fit literature on technology and performance: A rich research field focusing on the the-
oretical relationship between technology and performance exists in literature, as dis-
cussed in Chapter 3. For the context of this thesis, two general models are fundamental
and utilized in similar studies. First, the task-technology fit theory originated in the IS
field and was widely applied in different settings (e.g., Goodhue and Thompson, 1995;
Fuller and Dennis, 2009; Junglas et al., 2008). It was also extended by integrating other
technology-related models (e.g., Dishaw and Strong, 1999; Davis, 1989). Lastly, the
process-technology fit theory was applied in operations research (Das and Narasimhan,
2001).

With the remarkable variety of theoretical approaches in related research fields on the
one hand and the absence of theoretical approaches on the other, it is essential to identify
suitable theories and scientific constructs to answer the stated research questions. Stolzle
(1999) proposes helpful guidelines for theory selection in SCM and logistics research.
He emphasizes the importance of defining specific requirements for the concrete re-
search goal and general criteria that selected theories must fulfill. Based on the literature
reviews conducted in Chapter 3, the following specific criteria for theory selection are
defined:

e The theory must provide insights into the interplay of technologies and the con-

text they are deployed.

e The theory must aid in structuring technology and its organizational context and

provide essential constructs for further examination.

e The theory must provide insights into social and behavioral aspects of managing

innovation in and beyond organizations.
e The theory must address the great variety of situations and account for them.

According to Stolzle (1999), the following general criteria are essential to identify suit-

able theories:

o Theoretical attractiveness: A research paradigm and orientation towards critical

rationalism are the main aspects of theoretical attractiveness. According to
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Stolzle (1999), a research paradigm exists when a theory can solve scientific
problems, when it is generalizable, and when it ensures high precision. On the
other hand, generating hypotheses and having explanatory power is part of a the-

ories’ orientation towards critical rationalism.

e Design orientation: Design orientation focuses on content efficiency criteria, de-
sign variables, and determinants associated with a theory. In addition, the formal
aspects of design orientation relate to the empirical relevance, application poten-

tial, and informativeness of a theory.

e [ntegrative power: This criterion is met if a theory can enhance existing theories,
structure theoretical constructs, and integrate other theories from the theoretical

landscape.

e Adaptability: This criterion describes the general applicability of a theory to dif-
ferent research contexts and is inter-related with the criteria mentioned above.
For this thesis, the degree of fulfillment regarding the other criteria poses a meas-

ure for adaptability.

Based on these requirements, eight theories were analyzed for their applicability. They
are described and assessed shortly regarding their potential application in research on
technology-enabled innovation in inter-organizational processes. This initial assessment
is based on the beforementioned, specific requirements of the theory selection proce-

dure.

e Socio-technical systems theory (STS): Socio-technical systems theory views or-
ganizations as combinations of technical and social sub-systems. The theory con-
cludes that beneficial outcomes in managing organizations can only result when
a fit between these sub-systems is achieved (Heller, 1997). Regarding the thesis,
the socio-technical systems theory offers a way of structuring technology-ena-

bled process innovation in supply chains.

o Stakeholder theory (ST): Stakeholder theory emphasizes the involvement and in-
fluence of various internal and external stakeholders like employees, sharehold-
ers, suppliers, customers, and political institutions on a single organization
(Mitchell et al., 1997). Thus, the aims and interests of these actors impact deci-

sions made in an organization (Freeman, 2010). Therefore, the theory could help
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explain technology adoption in inter-organizational settings from a focal firm

perspective and co-adopting supply chain partners.

Task-technology fit theory (TTF): TTF states that the higher the degree of fit be-
tween information systems (IS) capabilities and task requirements, the higher the
performance impact of the system deployment (Goodhue and Thompson, 1995).
The authors identified eight dimensions of TTF: data quality, locatability of data,
authorization to access data, data compatibility (between systems), training and
ease of use, production timeliness, systems reliability, and IS relationship with
users. The factors focus on meeting task needs for using data in decision-making,
meeting day-to-day operational needs, and responding to changing business
needs. In the context of process-technology fit in inter-organizational processes,
the theory can explain how and why the deployment of specific technologies
leads to performance benefits in supply chain processes while it does not for other

technologies.

Innovation diffusion theory (IDT): This theory contributes to understanding how
innovations diffuse through social networks over time (Rogers, 2010). It is often
referred to in innovation research in general and supply chain contexts (e.g.,
Holmgqvist and Stefansson, 2006; Wang et al., 2010). Innovation diffusion theory
could help explain the different stages of adoption by different stakeholders, as
the technology-enabled innovations studied in this thesis often reach beyond two

or more organizations.

Attention-based view (ABV). Attention-based view theory models companies as
systems of structurally distributed attention. In these systems, the cognition and
action of individuals are derived from organizational context and situations deci-
sion-makers find themselves in. The theory describes the relationship between
company behavior and the attention of decision-makers. It states that companies’
behavior results from how they channel and distribute the attention of their deci-
sion-makers. Regarding this thesis, the theory can explain social and individual
aspects of decision-making during the technology pre-adoption in organizations
(Ocasio, 1997; Ocasio and Joseph, 2005).

Contingency theory (CT): Contingency theory holds that optimal organization

and leadership are contingent upon various internal and external constraints.
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Thus, there is no single best way to manage a situation, as successful approaches
under certain circumstances may not prove successful under others (Fiedler,
1964). A contingency-based perspective on the interdependency of context and
the pre-adoption approach is still missing in extant research, as illustrated by the
literature review and the research gaps. Thus, the theory could prove helpful for

the thesis and for answering the research questions in this regard.

e Agency theory (AT): Agency theory describes the interaction between a principal
that delegates work to an agent (Eisenhardt, 1989a). Problems in this relationship
arise from two main reasons: conflicting goals of principal and agent on the one
hand and unequal distribution of information towards the agent on the other hand.
The theory states efficient contract design as a possible solution for these issues.
As process innovation in inter-organizational settings involves different stake-
holders with different goals and information, it can be interpreted as an agency

problem, and thus the theory might apply to the thesis.

e [Information processing theory (IPT): The basic assumption of this theory holds
that organizations face uncertainties that require them to process information in
various ways (i.e., an information processing need) (Galbraith, 1974; Tushman
and Nadler, 1978). Organizations can cope with these uncertainties by reducing
the implied information processing need or enhancing information processing
capabilities. According to information processing theory, both increase perfor-
mance when a fit between information processing needs and capabilities can be
achieved. Premkumar et al. (2005) applied the theory to inter-organizational set-
tings to enable analysis beyond organizational boundaries. For this thesis, infor-
mation processing theory could help operationalize the information processing
need of a specific innovation problem, the capabilities of technologies, and their

inter-relationship.

Based on this first analysis of potential theories considering the specific requirements
of theory selection mentioned above, only the following generally seem applicable in
the context of process-technology fit and process innovation in supply chains: innova-
tion diffusion theory, agency theory, attention-based view, contingency theory, task-

technology fit theory, socio-technical-systems theory. Therefore, these remaining
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theories are assessed based on the general criteria in a second step (Stolzle, 1999). The

results of the second evaluation step are illustrated in Table 1.

Table 1: Evaluation of theoretical attractiveness, design orientation, and integrative power of relevant

theories
Theory Theoretical Design orientation Integrative power Applica-
attractiveness bility
Innovation High: Highly used in Medium: Provides Medium: Was shown to Medium
;il:ffuswn innovation manage- constructs for tech- be integrated with contin-
eor’
y ment to describe the nology adoption pat- gency theory (Nooteboom,
adoption of innova- terns and time 1994).
tions in networks (Rogers, 2010).
(Jeyaraj et al., 2006;
Wang et al., 2010)
Agency Medium: AT is often Medium: AT provides con-| High: AT was proven Medium
theory utilized in operations and crete governance mecha- 1ntegr.ateall))le ‘thh the
- nisms to cope with infor- | attention-based view
supply chain manage- y P ries duri (Bednar, 2012; Ocasio,
ment to analyze inter-or- | MAHON ASYMMEMIES QUINE | 07y o 4 jnstitutional
ganizational innovation %nnovatlon acthltle_s at_ the theory (Eisenhardt,
interfaces of organizations. 1988)
or governance . :
Bares potential to be opera-
(Wallenburg et al., 2019; . .
) tionalized transparently
Wilhelm et al., 2016). (Eisenhardt, 1989a).
Attention- High: ABV is highly used | High: ABV explains con- | High: Was shown to be in- | High
based view in innovation management, | crete mechanisms of or- tegrated with agency theory
especially for technology ganizations during tech- (Bednar, 2012) and contin-
. nology-related decisions gency theory (Ghobadian et
management in the early g
. (Ocasio, 1997). al.,2021).
stages of pre-adoption (i.e.,
technology search) (Kaplan,
2008; Laursen, 2012).
Contin- High: CT is often applied in| Medium: Easy to opera- High: Was shown be to in- | High
gency the operations management | tionalize using various fac- | tegrated with the attention-
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Based on the theory assessment shown in Table 1, the thesis utilizes task-technology fit
theory, contingency theory, and socio-technical systems theory as theoretical lenses.
The following sections provide a deeper understanding of the selected theories and their
utilization and assignment to the research questions of the thesis. Finally, the theory
section concludes with an overall summary and integration of all theoretical lenses in a

framework.

5.3 Outline of task-technology fit theory

TTF was first developed and demonstrated by Goodhue and Thompson (1995). They
proved that the TTF measure, in conjunction with utilization of the technology, im-
proves job performance and effectiveness of individuals significantly. Later, the theory
was expanded by Zigurs and Buckland (1998) onto group level. Since then, TTF has
been applied in several variations and fields, especially in information systems research.

However, only Huscroft et al. (2013) apply the theory to SCM or logistics until now.

The TTF framework comprises five main elements: task characteristics, technology
characteristics, task-technology fit, performance impact, and utilization. The theory sets
these constructs into relation and has proven that the higher the degree of fit between
task and technology characteristics, the higher the performance impact for individuals
and groups (Goodhue and Thompson, 1995). Goodhue and Thompson (1995) identified
eight dimensions of TTF: data quality, locatability of data, authorization to access data,
data compatibility (between systems), training and ease of use, production timeliness,
systems reliability, and IS relationship with users. The factors focus on meeting task
needs for using data in decision-making, meeting day-to-day operational needs, and re-

sponding to changing business needs.

TTF plays an essential role in this dissertation. It aids substantially in describing and
understanding the relationship between innovation problems in supply chain processes
and technology deployment so that researchers can better understand different perfor-
mance impacts. Based on the primary TTF constructs and their relationship, the over-
arching research framework of the thesis is developed, and particular studies of the the-
sis analyze individual elements of the TTF model in detail. Specifically, study B con-

ducts an in-depth analysis of the problem-side of the model and investigates innovation
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problems in supply chain processes. Study C utilizes an adapted TTF model to explain

the interplay of specific archetypes of innovation problems with technological solutions.

The model so far only focuses on individuals and groups supported by information sys-
tems as technologies. This limitation calls for a transfer of TTF beyond the individual
level onto the process level and application to emerging technologies in supply chain
settings. The latter mainly refers to integrated supply chain flows, including information,
physical, financial, or legal assets. A theoretical contribution of the thesis thus aims at

the expansion of TTF for supply chain-specific problems.

5.4 Outline of contingency theory

Fiedler (1964) introduced CT in a behavioral context before the theory was applied to
many other disciplines, such as logistics networks (e.g., Wollenburg et al., 2018) and
purchasing (e.g., D'Antone and Santos, 2016; Bjorklund, 2011). The critical assumption
of CT is that organizational structures must consider surrounding conditions, often re-
ferred to as situational or contingency factors. Situational factors can be internal or ex-
ternal. The latter are usually hard to influence by the organization as they are outside its
boundaries (Mintzberg, 1979). Thus, Mintzberg introduces design variables that are in
managerial control for being changed by decision-makers to cope with these surround-

ing conditions.

Moreover, the theory states that for organizations to be effective, the design of an or-
ganization or its sub-systems must fit with the environment it operates in, and the fit
between the sub-systems must be ensured. Thus, the management style under given cir-
cumstances must take the given tasks and the nature of the work into account (Weill and
Olson, 1989). CT states that there is no single best way to manage a situation or organ-
ization (Zelt et al., 2018). A fundamental problem in CT research is measuring and op-
erationalizing situational parameters (Otley, 1992). Also, the theory is often criticized
due to its lack of explanatory power. Nonetheless, it can provide structure for a wide

variety of problems.

Regarding this thesis, CT can provide a novel perspective on research gap B regarding
the management of technology pre-adoption in process innovation that the literature
identified necessary. A high proportion of operations and SCM research on pre-adoption

of technologies follows the best-practice paradigm, searching for the silver bullet on
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identifying and selecting technologies. However, there are many variations in individual
circumstances and potential technologies. Thus, questioning this paradigm and analyz-
ing the interplay of pre-adoption practices and specific surroundings seems necessary.
In this context, CT systemizes the relationship between the characteristics of the inno-
vation problem and how the technology pre-adoption phase must be managed accord-
ingly. More specifically, the framework is used to identify and classify internal and ex-
ternal contingency variables of technology pre-adoption and corresponding response

variables (i.e., activities to be performed under specific circumstances).

5.5 Outline of socio-technical systems theory

STS aims at understanding and designing the interplay of social and technical subsys-
tems in the context of technology and originated in the seminal work of Bostrom and
Heinen (1977). The theory states four core elements to consider when researching tech-
nologies and their environments: structures and people as the social sub-system and
technology and tasks as the technical sub-system. These elements have inter-dependen-

cies against each other and are considered a predictor of adoption success.

The theory proposes a design process for achieving the inter-dependent optimization of
the sub-systems and states that organizations must explicitly recognize technical and
social sub-systems’ interactions to achieve performance enhancement. Concludingly,
organizational re-design must consider these inter-dependencies and ensure that both
sub-systems are in harmony (Bostrom and Heinen, 1977). Therefore, different design
principles and guidelines exist to develop successful socio-technical systems and enable

successful technology adoption.

Several parallels can be drawn to the context of inter-organizational process innovation
and technology deployment. First, process innovations can be interpreted as socio-tech-
nical systems, similar to whole organizations. Depending on the scope of the analyzed
process, the scope of these systems varies. Hence, process innovations in supply chains
can be decomposed into a technical sub-system (i.e., the technologies deployed to fulfill
specific processes) and a social sub-system (i.e., the structures and the people involved
in the process) (Bostrom and Heinen, 1977). The thesis deploys STS for the overall
structure, identification, and analysis of relevant elements. The understanding of the

technical sub-system’s elements is integrated with the explanations provided by TTF,
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as the main assumptions of the two theories are not conflicting with each other. Struc-

tures and people provide complementary theoretical framing in this context.

5.6 Overall theoretical framework

This dissertation pursues an eclectic approach because distinct theories are necessary to
answer the stated research questions. The eclectic approach allows the utilization of dif-
ferent theoretical lenses, whereby each can describe, explain, or compose different phe-
nomena. However, it also aims to show interconnections between different theories and
thus draws a holistic picture of the phenomenon. Thereby, it is vital to ensure commen-
surability between the individual theories. During the evaluation of the integrative
power of the selected theories in Table 1 and the comparison of the theories’ general
assumptions, no conflicts were identified. Thus, commensurability for the purpose of
this thesis is given (Friedli, 2005).

Figure 7 illustrates the overarching theoretical framework of this dissertation. It inte-
grates all relevant constructs and perspectives to analyze the phenomenon of technol-
ogy-enabled process innovation in supply chains considering process-technology fit.
The framework is explained shortly by its three main perspectives: organizational per-
spectives, procedural and content-based perspectives, and theoretical perspectives. First,
the framework consists of three organizational perspectives: organizational perspective,
network perspective, and supply chain-oriented perspective. As elaborated in Section
2.1, the thesis takes the supply chain-oriented perspective throughout all research
phases. Thus, it analyzes technology-enabled process innovation from a single organi-
zation's perspective with collaborative consideration of all relevant interfaces with sup-
ply chain partners (i.e., suppliers, customers, service providers). However, the organi-
zational and network perspectives need to be located in the framework as the supply
chain-oriented innovation problem is derived from these two perspectives’ combined

needs and goals.

Second, the framework can be divided into procedural and content perspectives. The
procedural perspective covers how organizations reach process innovation in supply
chains, resulting in beneficial performance outcomes. Therefore, it comprises the man-
agement of the technology pre-adoption procedure under consideration of the innovation

problem and its context. On the other hand, the content perspective describes what
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technology-enabled process innovation in supply chains comprises. It can be divided
into the problem space and the solution space. The problem space describes the supply
chain-oriented innovation problem and its context with all relevant characteristics for
technology pre-adoption. The solution space comprises possible solutions to the inno-
vation problem (i.e., available technologies and their relevant characteristics). In line
with TTF, the fit construct links problem space and solution space and results in a per-

formance impact on the supply chain.

Supply chain-oriented perspective: Organizational perspective with collaborative consideration of relevant supply chain
partners to reach the overall process goal (e.g., suppliers, customers, service providers).
Procedural perspective
Technology pre-adoption: Identification and selection of
technologies
A A A A Contingency theory
Content perspective v v v v
Supply chain
technologies
Technology
characteristics
Solution space Supply chain
Smmmmmmmoonnoeoe- ------------------$ ---------------------- performance
Problem space impact
Innovation problem Characteristics of
in supply chain- » innovation problem in
oriented process supply chain process
A
Task-technology-fit theory
Socio-technical systems theory
Innovation problem L Innovation problems
organization ggw network
perspective Network
perspective

Figure 7: Overview over the theoretical framework on technology-enabled process innovation in sup-
ply chains
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Third, the theoretical lenses introduced in the previous section are assigned to segments
of the framework. Socio-technical systems theory is used as a structural guideline for all
the constructs, while contingency theory structures the inter-dependence between pro-
cedural and content perspectives. Finally, characteristics of technology and innovation
problem, fit, performance impact, and their causal relationship are explained utilizing
TTF.
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6 Studies on process innovation in supply chains

Chapter 6 provides an overview of the applied research methodology and the individual
results of the thesis’ studies. Section 6.1 relates the individual studies to each other,
considering their methodological approach. Finally, sections 0, 6.3, 6.4, and Error! Ref-
erence source not found. summarize the studies' research design, findings, and essen-

tial contributions.

6.1 Research overview and methodology

The thesis revolves around its central unit of analysis: technology-enabled process in-
novation from a supply chain-oriented perspective, which is investigated from a proce-
dural and a content perspective. The unit of observation differs between the studies,
depending on the individual focus. Study A defines the unit of observation as manage-
ment activities in an organization and its context during technology identification and
selection. Studies B and C observe characteristics of technology-enabled process inno-
vations in supply chains. The overarching research phase uses both of the above men-

tioned as the unit of observation.

Figure 8 illustrates the inter-relationships of the thesis’ studies and their positioning in
the theoretical framework. Study A focuses on the procedure of technology pre-adoption
(i.e., how companies can improve adoption decisions in a supply chain-oriented setting
to achieve process innovation). Study B focuses on the content perspective, describing
and systemizing relevant characteristics of technology-enabled process innovation.
Study C builds upon the results of study B and investigates the fit construct between
technologies and supply chain processes in detail, determining how and why particular
technologies result in performance benefits. Finally, the overarching research phase in-
tegrates the findings of the other studies to develop a practical method that enables or-

ganizations to innovate their processes systematically by achieving process-technology
fit.



Study B

Study C

Investigation of the problem space of the
proposed fit model (i.e., characteristics of
innovation problems)

Based on task-technology-fit theory
Design Science Research: taxonomy
development

Investigation of inter-relationship between
technology and innovation problem
characteristics in supply chain processes
Based on task-technology-fit theory
Quantitative data-clustering

Study A

Overarching research phase

Investigation of technology pre-adoption in
supply chain processes from a
management perspective

Based on contingency theory

Case study research

Design of an overarching method covering
the procedural and content perspective of
process-technology fit

Based on socio-technical systems theory
Design Science Research

47

- = Parts of the research framework focused on during the study

Figure 8: Overview and inter-relationships of the thesis' studies

This thesis's overarching research question and goal are to enable organizations to inno-
vate their inter-organizational supply chain processes by ensuring a fit between the pro-
cess and deployed technologies. A detailed study was conducted for each research ques-

tion to contribute to this goal. It is worth mentioning the inter-relationships of these
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studies. Study A and B lay the groundwork for each perspective and are independent of
the other studies of this thesis. Study C builds upon the results of study B, as the col-
lected data points on process innovations are adopted from study B. The overarching
research phase utilizes and integrates the findings of studies A, B, and C and is thus
strongly dependent on the prior results. Studies A, B, and C have been presented as full
papers at international conferences, and studies A and B have been submitted to inter-
national journals in the SCM field. However, as the overarching research depends on

the prior results, it was not published as a standalone paper besides this thesis®.

In each study, methods were selected to answer the research questions adequately based
on their characteristics. Existing publications on technology-enabled process innovation
in supply chains deploy diverse methods, as shown in Chapter 3. However, several
methodological shortcomings could be identified. On the one hand, research on technol-
ogy pre-adoption in operations is mainly conceptual and design-driven. This observation
calls for an empirical and explorative analysis of the phenomenon. On the other hand,
research on technological innovations in supply chains provides empirical insights on
individual technologies but leaves conceptual and holistic approaches missing. This gap

in literature calls for design-driven research to structure the phenomenon and the field.

Thus, this thesis applies explorative and conceptual research methods throughout differ-
ent studies to draw a complete picture of technology-enabled process innovation in sup-
ply chains. The thesis moreover relies on qualitative and quantitative research methods
and empirically-based data. It is essential to rely on empirically-based data because high
expectations in emerging technologies risk unrealistic concepts and ideas being ana-
lyzed instead of real-world phenomena. A qualitative approach is pursued because the
research questions require an in-depth analysis of the individual concepts. Limitations
of qualitative research, especially on the generalizability of the results, are mitigated
through rigorous methodology deployment and the combination of different data
sources. Lastly, quantitative research methods are utilized selectively to answer the re-

search questions and enhance the generalizability of the findings.

6 The research approach of the overarching results is deepened in Section 7.1 and the results are outlined in detail
in Sections 7.2 and 7.3.
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Table 2 provides an overview of the conducted studies, including the vital information

regarding their research design. The subsequent sections outline the research design, the

findings, and the contributions of each study.

Table 2: Overview of the conducted research on technology-enabled process innovation in supply

chains and process-technology fit

Study A

Study B

Study C

Overarching re-
search phase

Title Towards a contingency The Anatomy of Innova-  Towards a process-tech-  Designing a method
theoretic perspective on tion Problems — Towards  nology fit in supply to enable organiza-
technology pre-adoption a Taxonomy for Supply chain management — a tions to achieve pro-
in supply chain manage- Chain Processes theory-driven approach ~ cess-technology fit
ment to understanding Indus-

try 4.0

Objective  Identifying and structur- ~ Understanding and con- Theorizing on the inter-  Integrating the find-
ing influencing factors of  ceptualizing the underly-  play of types of innova-  ings of studies A, B,
managing technology ing innovation problems  tion problems and tech-  and C into an actiona-
pre-adoption in SCM and  in supply chain processes  nology deployment in ble, useful method for
potential responses of de- supply chain processes practice
cision-makers

Related RQ1la: What contingency ~ RQ2: What are the con- RQ3a: What are repre- RQO: How can organ-

research factors influence the stituting dimensions and ~ sentative types of tech- izations systemati-

questions  identification and selec- characteristics that define  nology-enabled process  cally identify and se-
tion of technologies in innovation problems in innovation in practice lect technologies to
supply chains? supply chain processes? based on their constitut-  innovate their inter-
RQ1v: How must the pro- ing characteristics? organizational supply
cess of identification and RQ3v: How can the fit chain processes?
selection of technologies between innovation
be designed and managed problems in supply
to improve adoption deci- chain processes and
sions in supply chains? technology characteris-
tics be described for-
mally?
Method- e Case study approach; e Taxonomy develop- e Quantitative cluster- e Design Science Re-
ology in-depth polar cases of ment following ing of 79 secondary search following
technology pre-adop- Nickerson et al. (2013) data real-world use Hevner (2007)
tion in various indus- o Systematic literature cases of successful e Design informed by
tries review technology deploy- literature and re-
e Second-level coding e Expert interviews for ment using Python 3 sults of studies A,
following Gioia et al. evaluation B,and C
(2013)

Applied e Contingency theory e Task-technology fit e Task-technology fit e Socio-technical

theories theory theory systems theory

6.2 Study A: a contingency theoretic perspective on technology pre-

adoption in supply chain management

This section provides insights into the in-depth study on the management of technology

pre-adoption in supply chains from a contingency-theoretic perspective, as conducted in
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study A. In the following, relevant contributions to theory and practice, but especially

for this thesis’ overall goal, are outlined’.
Research design of study A

Organizations and supply chains face a dilemma between the pressure to implement
novel technologies into their processes and limited resources. As a result, organizations’
technology identification and selection activities become crucial success factors in op-
erating supply chains. Research on this topic has a rich history, especially in operations
and production management. However, much of this research mainly focuses on adop-
tion in manufacturing settings, leaving inter-organizational problems and pre-adoption
activities out of focus. Also, extant research lacks an in-depth understanding of the in-
volved constructs of technology pre-adoption and their interactions with different prob-
lem settings. Thus, research is still missing a supply chain-specific contingency perspec-

tive on the topic.

In contrast to existing research, study A is among the first to view technology selection
in supply chains as a management process from a contingency perspective. Thus, it as-
sumes that pre-adoption procedures in organizations must fit the surrounding circum-
stances to be effective and efficient. The study explores supply chain-specific influenc-
ing factors and responses in management activities during technology pre-adoption to
enable this fit. It thereby follows a qualitative case study approach. Cases analyzed stem
from five interview-based case studies of technology projects. The cases were selected
based on four criteria to ensure variety, inter-organizational and supply chain-relevant
settings, and technological innovativeness. The data was analyzed using a rigorous cod-

ing procedure following Gioia ef al. (2013).
Findings and contributions of study A

Study A identified and systemized two primary constructs: (1) exogenous contingency
variables that influence the management of technology pre-adoption in supply chains
and (2) internal response variables that enable accounting for those influences in organ-
izations. These findings provide answers for RQ1, and RQ1y. The identified contin-
gency variables can be divided into three subgroups on the highest dimension: (1) firm-

specific factors, (2) network-specific factors, and (3) environmental factors. The

7 Section 6.2 largely draws on extracts from the corresponding full paper in Appendix A.
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according lower-level dimensions stemming from the cases are illustrated in the coding

trees in Figure 9, Figure 10, and Figure 11.

Firm-specific, endogenous factors are often an essential component of contingency
models (Kajiiter and Kulmala, 2005). In the study, a subset of firm-specific influencing
contingency factors was found to be very ubiquitous. This subset consists of criticality,

project trigger, employees, and complexity.

Second order themes Aggregate dimensions Contingency dimensions

Invest

Relevance for main business
activity

Criticality

Financing

Internal vs. external trigger

Operational vs. strategic

i j i Firm- ific f:
trigger Project trigger irm-specific factors

Abstraction level

Competencies and motivation

Culture Employees

Firm size

Affected departments (intra-
firm)

Internal Complexity

Figure 9: Firm-specific influencing variables on the management of technology pre-adoption in supply
chains®

Especially in SCM, network-specific contingency factors account for specific situations
in supplier-buyer-relationships, such as differences in size and trust among network
partners (Kajiiter and Kulmala, 2005). The data analysis revealed the crucial role of
network-specific factors also in the context of technology pre-adoption. Network-spe-

cific variables can be distinguished between external complexity and a strategic

8 Figure 9 is extracted from study A.
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dimension. Complexity refers to the amount and type of interaction with external de-
partments in the network. Strategic aspects primarily cover the presence and types of
long-term cooperation. The cases showed these two dimensions to have an exceptionally

high impact on technology pre-adoption in organizations.

Second order themes Aggregate dimensions Contingency dimensions

Geographical specifications
and distribution

External Complexity

Affected departments Network-specific
(external) factors
Strategic cooperation Strategy

Figure 10: Network-specific influencing variables on the management of technology pre-adoption in
supply chains’

Lastly, the study discovered that pre-adoption approaches and their success vary de-
pending on external environmental factors. More specifically, characteristics of the tech-
nology market and industry regulations play a crucial role in influencing technology

pre-adoption.

Second order themes Aggregate dimensions Contingency dimensions

Cost structure of tech.

Technology market
characteristics

Availability and diversity of
solutions, vendors, partners

Environmental
factors

Process instructions

Documentation requirements Industry regulations

Solution restrictions

Figure 11: Environmental influencing variables on the management of technology pre-adoption in sup-
ply chains'®

® Figure 10 is extracted from study A.
10 Figure 11 is extracted from study A.



53

Response variables were inspected during the study besides the contingency variables,
which an organization cannot influence. Results showed they could be divided into two
sub-groups: (1) pre-adoption process and (2) pre-adoption organization. Response vari-
ables in the process sub-group comprise all activities performed, including tools or
methods. Response variables part of the organization sub-group cover how the pre-adop-
tion 1s set up organizationally and include staffing, budget, and the overall approach. An

overview of possible processual and organizational responses is given in Figure 12.

Second order themes Aggregate dimensions

Mechanisms for prioritization /

triggering projects
Selection tasks / goals
Selection process
Change activities
Tools and methods

Decision making
Team and Roles

Project size

Selection

Partners S
organization

Philosophy

Time management

Figure 12: Response variables during the management of technology pre-adoption in supply chains'!

Study A contributes to theoretical knowledge in technology adoption by questioning the
best-practice paradigm and systemizing the problem-space of possible influencing fac-
tors and the corresponding solution space. This system enhances current literature by
drawing a more holistic and contingent view on technology pre-adoption. Moreover, the

research of study A is one of the few in the field to explore the topic empirically

Study A also contributes to practice in similar ways. The identified influencing and re-

sponse variables system pose a practical guideline for supply chain managers when

! Figure 12 is extracted from study A.
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setting up and conducting technology pre-adoption initiatives. In the broader context of
this thesis, the overarching research phase utilizes the findings of study A and integrates
the dimensions into an overarching approach. Thus, the theoretical system of influenc-
ing and response variables is transferred into an actionable tool. Thereby, study A aids
in solving the managerial problem of approaching technology-related decisions system-

atically, as discussed in Section 1.1.

6.3 Study B: the anatomy of innovation problems

This section provides insights into the design-driven study on the problem side of tech-
nology-enabled process innovation, as conducted in study B. In the following, relevant

contributions to theory, practice, and this thesis’s overall goal are outlined'?.
Research design of study B

Researchers and practitioners often fixate on technologies when approaching innovation
in supply chains. However, research suggests that a proper fit between technology and
its environment is crucial for resulting performance outcomes. Thus, study B aims at
achieving a proper understanding of the underlying innovation problems in supply
chains, to theorize on the interplay of supply chain processes and technology. Therefore,
the main goal is to systematize innovation problems in supply chain processes, consid-
ering potential technology deployment. Unfortunately, existing research seldomly pro-
vides theoretical or holistic contributions regarding technology deployment but rather
specific performance impacts of individual technologies. Study B is among the first pa-
pers to explore the problem side of technology-enabled innovation in-depth. It thereby
conceptualizes innovation problems holistically and lays the foundations for further the-
ory-driven research to improve technology adoption decisions by understanding the in-

terplay of technology and innovation problems.

The research was conducted in four main phases, centered around the seminal taxonomy
development procedure proposed by Nickerson et al. (2013). These phases comprised
(1) systematic literature review, (2) iterative taxonomy development, (3) taxonomy eval-
uation using expert interviews, and (4) taxonomy application. The primary data source
of the paper was the systematic literature review, collecting relevant empirical papers

on technology-enabled innovation in SCM. The review resulted in 127 relevant papers.

12 Section 6.3 largely draws on extracts from the corresponding full paper in Appendix B.
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Based on the systematically coded content of these papers, study B elaborated a taxon-
omy in five iterations. The resulting taxonomy was then discussed and revised with do-
main experts and applied to a real-world example. Finally, the evaluation illustrated the

applicability and usefulness of the taxonomy.
Findings and contributions of study B

The main result of study B is a taxonomy describing the dimensions and characteristics
of innovation problems in supply chains processes. The taxonomy consists of three main
dimensions: (1) process specifications, (2) context specifications, and (3) innovation
specifications. Process specifications describe the process itself and define the type of
objects handled and the task to fulfill. Context specifications conceptualize the environ-
ment in which the process is embedded. They consist of the system complexity, organ-
1zational scope, hierarchy distribution, and the number of involved structures. Finally,
innovation specifications refer to the process’s aspired change and are defined by the
innovation goal. Figure 13 provides an overview of the taxonomy with all dimensions

and corresponding characteristics.

Dimensions Characteristics
Object Physical Information Financial Legal
type
Process
specifications X . .
Object Creation Transition Storage Ver- Modi-
task £ fication fication
tem
Syste . Closed system Controlled system Open system
complexity
Organi-
. Intra- .
zational nira- Dyad Triad Network
organizational
scope
Context
specifications Hierarchy Advantage Disadvantage
distri- initiating Non-existent initiating
bution organization organization
Number of . .
involved Single (firm, dyad, triad, network) Multiple (firms, dyads, triads,
networks)
structures
. . Improve Reduce
Innovation Innovation Enable Automate Accelerate
specifications goal process process process process process
P output input

Figure 13: Taxonomy of innovation problems in supply chain processes'?

13 Figure 13 is extracted from study B.
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Study B contributes to theory in three main ways: (1) it provides a better understanding
of the problem space of the TTF model with particular regard to SCM, (2) it allows
researchers to define and classify their unit of analysis precisely and thus has a high
scientific utility, and (3) it provides a rigorous conceptualization of process innovation
problems in supply chains concerning technology deployment by integrating and struc-

turing existing knowledge.

The study also contributes to the managerial issues elaborated in Section 1.1. First, it
offers a common understanding of the term process innovation problem, thus making
the construct accessible to practice and supply chain managers. Second, building on the
need for more detailed problem understanding, the taxonomy serves as a practical tool
that facilitates systematic definition, comparison, evaluation, and analysis of process

innovation problems.

Throughout this thesis, the taxonomy developed in study B and its contributions play a
crucial role. First, study C relies on innovation problems' characteristics to describe real-
world cases and collect data. The researched cases are classified using the elaborated
taxonomy. Second, the study contributes to the overall research goal of the thesis to
provide a practical approach to achieve process-technology fit. Thus, the overarching
research phase integrates the taxonomy into the overall approach and transforms it into

a practical, intuitively usable tool.

6.4 Study C: towards a process-technology fit in supply chain manage-

ment

This section provides insights into the theory-driven research on the inter-relationship
between types of innovation problems and technological solutions, as conducted in
study C. Thereby, relevant contributions to theory and practice and for this thesis’ over-

all goal are outlined!®.
Research design of study C

Supply chains are predicted to face severe disruptions due to emerging technologies like
those summarized under /ndustry 4.0. By now, a high number of different technologies

is available. As technology adoption consumes many resources, adoption decisions

14 Section 6.4 largely draws on extracts from the corresponding full paper in Appendix C.
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come into organizations’ focus. Decision-making and adoption decisions regarding
technology have a long tradition in innovation research and practice. However, a theo-
retical understanding of Industry 4.0 in supply chain processes and sensemaking of their
benefits is still widely missing in the existing literature. Given this gap, TTF helps ex-

plain successful technology deployment in specific supply chain innovation problems.

More precisely, study C explores the interplay of real-world innovation problems and
corresponding technology deployment that led to performance benefits, informed by
TTF. Thereby, it follows a four-step research methodology: (1) development of an ex-
ante framework informed by theory, (2) database creation through secondary research
of empirical use-cases, (3) content analysis and quantitative clustering, (4) qualitative

interpretation of the resulting clusters.

As mentioned above, the ex-ante framework poses an adapted fit model describing the
interplay of supply chain technologies, innovation problems, and performance impacts.
Based on the defined data points (informed by study B), a dataset of 79 unique empirical
use-cases was created. Subsequently, the dataset was analyzed quantitively using hier-
archical clustering algorithms in Python 3, leading to seven groupings of technology-
enabled process innovations in supply chains. Lastly, the quantitively derived groupings

were interpreted, enhanced qualitatively, and supplemented by additional research.
Findings and contributions of study C

Study C provides two primary constructs: (1) groupings of similar innovation problems
in supply chain processes based on their constituting characteristics and (2) correspond-
ing technological solutions and indications of their characteristics that lead to the suc-
cessful innovation in each grouping. As a result, seven clusters of technology-enabled

process innovation were identified:
o Cluster 1: Enable inter-organizational flow tasks in open systems.
o Cluster 2: Enable information storage in and beyond organizations.
o Cluster 3: Create and transfer information along supply chains.
o Cluster 4: Improve output of information handling in organizations.
o Cluster 5: Improve the physical dimension in organizations and supply chains.

o Cluster 6: Automate physical storage on the organizational level.
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o Cluster 7: Improve the physical transport in open systems.

For each of the resulting groups, distinct patterns regarding the characteristics of de-
ployed technologies have been identified, based on the characteristics provided by
Goodhue and Thompson (1995).

Table 3 illustrates the associated technology characteristics for each grouping. The
matching between technology characteristics and characteristics of each grouping (i.e.,
characteristics of the innovation problem) allows theoretical explanations of successful

technology-enabled process innovation.

Table 3: Matching of technology characteristics and clusters'®

Cluster-lz Cluster 3: Cluster 4: Cluster 7:
Enable in- Cluster 5:
. Cluster 2: | Create and Improve Cluster 6: Improve
Technology ter-organi- . . Improve .
5 . Enable in- | transfer in- output of . Automate physical
characteris- zational . . . the physi- .
. . formation formation infor- . physical transport
tics flow in . cal dimen- .
storage. along sup- mation . storage. in open
open sys- ply chains. | handling. ston. systems.
tems.
Data quality ++ 0 ++ ++ + 0 0
Locatability n - n N 0 0 n
of data
Authorization — — 0 0 - 0 0
to access data
Data
- ++ ++ + +
compatibility 0 0 0
Training and 0 0 - 0 0 . 0
ease of use
P.r odqction + + + ++ ++ ++ ++
timeliness
Systems
A ++ + 0 0 ++ ++ ++
reliability
IS re.latlonshlp 0 0 — — N — 0
with users

Study C contributes to theoretical knowledge in two ways'®. First, it provides a funda-
mental step towards connecting essential technological characteristics with innovation
problems in supply chain processes. Second, the study proposes a supply chain-oriented
process-technology fit model based on task-technology fit theory. From a practical per-

spective, study C reduces the complexity of Industry 4.0 applications because it breaks

15 Table 3 is extracted from study C.
16 For a more detailed elaboration of study C’s contributions, consult Chapter 8 and Appendix C.
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down different problems and solutions into seven manageable clusters. These clusters
allow for clear communication on the topic, structured analysis of problems, and effi-

cient solutions design.

The overarching research phase transfers these theoretical findings of study C into a
practical method. The method facilitates categorizing real-world examples to one of the
clusters and suggests best-practice technologies accordingly. Thereby, it enables organ-

1zations to fit their specific innovation problem with potential technologies.
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7 Results

This Chapter presents the overarching results of the dissertation in detail, aiming to de-
velop a method enabling systematic innovation through process-technology fit. First,
Section 7.1 elaborates on the research design leading to the results, before Section 7.2
gives an overview of the developed method, comprising the Supply Chain Process In-
novation Grid’s structure and application possibilities. Last, Section 7.3 provides a de-

tailed outline of each grid field.

7.1 Research design of the overarching results

This section provides insights into the design-driven research developing a method that
enables organizations to radically or disruptively innovate their processes by achieving
process-technology fit. The research design and a short summary are outlined shortly in
this section, while the detailed results (i.e., the resulting method) are presented in the

following sections.

External pressures force organizations to innovate their supply chain processes con-
stantly. As a result, organizations seek to deploy technologies for radical or disruptive
improvements in their processes, as the potential of incremental innovations such as
continuous improvement has reached its limits (Lizarelli et al., 2021). However, com-
plex technology markets overburden decision-makers to find adequate solutions. Even
more so, as performance goals are missed if the deployed technologies do not fit the

context of a process (Autry et al., 2010; Heine et al., 2003).

The overarching research phase is concerned with problem-solving, which has a long
tradition in academia. Current approaches in literature can be divided into either highly
holistic approaches on the one hand or very specific and detailed approaches on the
other. Holistic approaches are applicable universally and often have a long history of
success in practice but at the cost of being abstract and needing intense adaption for
specific problems. On the other hand, specific approaches fit a small portion of problems
very well but can hardly be applied to other contexts. The literature review revealed a
lack of specific approaches facilitating radical or disruptive process innovation in inter-
organizational supply chain processes, especially considering process-technology fit.
However, some holistic approaches like Systems Engineering, Collaboration Engineer-

ing, or Design Thinking can aid systematic process innovation if specified accordingly.
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The overarching research phase of this dissertation aims to fill this lack in specific ap-
proaches to systematically achieve radical or disruptive innovation and process-technol-
ogy fit. Therefore, it integrates the knowledge of studies A, B, and C and existing prob-
lem-solving approaches, designing a specified approach for the given problem. Thereby,
it mitigates the shortcomings of established approaches. The study follows the Design
Science Research (DSR) approach, which is highly used in IS and business innovation
research (Winter and Aier, 2016). Simply put, DSR aims at pragmatically designing
useful artifacts to solve relevant problems. This research approach suites the given prob-

lem for three reasons:

e High focus on the research outcome (Hevner, 2007): Studies A, B, and C have a
theoretical and explorative focus, while the overarching research phase aims at

practical outcomes that can be applied directly.

o A structured process for generating knowledge drawn from different information
streams (Hevner et al., 2004): Different information streams refer to literature,
empirical data, and the findings during different studies conducted as part of this

thesis, which are integrated into the overarching results.

e Provide innovative solutions to problems from practice with the overall objective
of usefulness (Hevner et al., 2004): Practical usability and usefulness are the main
goals of the overarching research, as the theoretical foundations have been laid
in studies A, B, and C.

Four artifact types can be distinguished in DSR research: constructs, models, instantia-
tions, and methods. In this context, methods describe a series of steps to achieve a spe-
cific task or recipes to solve given problems with the help of specific instructions (March
and Smith, 1995). Thus, methods are a highly suited artifact type for the given problem
statement. Hevner (2007) proposes an iterative, three-cycled approach to design useful
artifacts pragmatically but rigorously at the same time. An overview of this deployed
DSR approach is given in Figure 14. The cycles and their specific implementation are

as follows:

e Relevance cycle: The relevance of an artifact is grounded in the improvement of
its environment. The relevance cycle thus analyzes the artifacts' environment to
ensure the practical relevance of the results. Essential activities in this phase in-

volve identifying the main practical problem at the beginning and returning the
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artifact into the environment to identify shortcomings at the end. As for all of the

cycles, the relevance cycle should be performed multiple times iteratively.

e Rigor cycle: The rigor cycle examines already existing knowledge about the ar-
tifact. It thus poses the theoretical counterpart to the practice-oriented relevance
cycle. Results of the rigor cycle are summarized as the knowledge base. The re-

sulting artifacts can be interpreted as an addition to this existing knowledge.

e Design cycle: The design cycle poses the central part of DSR, as it comprises the
building, evaluation, and refinement of the artifact (March and Smith, 1995). The
design cycle is highly interdependent with the relevance and rigor cycles, as it
directly draws from their findings. The cumulative character of this thesis corre-
sponds with the DSR approach suggested by Hevner (2007). Usually, the DSR
approach starts with a detailed literature review on the relevant topic. In this the-
sis, the literature review conducted in Chapter 3 on technology pre-adoption, in-
novation in inter-organizational processes, and fit literature builds the theoretical
knowledge base. The DSR approach allows explicitly for multiple sources of in-
formation. Thus, the isolated analysis in studies A, B, and C can be integrated

into an overarching method.

Environment Design Science Research Knowledge Base

Application domain including: Foundations:
*  People Build artifact » Scientific theories and
* Organizational systems —_ —> — * methods
* Technical systems * Experience and expertise
*  Problems and Relevance Design Rigour *  Meta-artifacts

opportunities Cycle Cycle Cycle

e <« -
Evaluate artifact

Figure 14: General DSR three-cycle approach as suggested by Hevner (2007)

Regarding the precise implementation of the general DSR approach, the overarching
research followed the recommendations given by Hevner (2007). It pursed an iterative
design process through the steps: relevance cycle, rigor cycle, design cycle, as outlined
in Figure 15. When executing the DSR cycles, the first step is the explicit formulation

of the problem statement that defines the research objective. This step is located in the



63

relevance cycle to ensure practical importance. As stated above, this refers to the miss-
ing approaches or methods to systematically enable organizations to innovate their sup-
ply chain processes and achieve process-technology fit. Furthermore, the problem was

specified to radical or disruptive innovations.

Literature review on
problem-solving
approaches

Innovation approach
(study A): Influencing
factors and response
variables

1

i 1
1 1
. 1
1 1
1 1
1 1
1 1
| 1
| 1
. 1
i 1
. 1
i 1
1
: |r [

1 ! (| L L L L EE e EE !

Problem statement ! . a ; ;

. il Innovation problem 1 v '

Desia mianb;r?c:lver:'oach | : analysis (study B): : : I

gning an app =: 1 Dimensions and [ Design process | Evaluation
for systematic process L characteristics of 1
innovation considering 1 : innovation broblems : :
process-technology-fit : | P 1
1 [ |
: 1 : 1
- v o
I
' ' Interaction of 1
1 : innovation problems : :
: 1 and technology 1
! | | characteristics (study ' '
1 C): Archetypes and fit : 1
! ' indicators '
1! [}
Pl |
> > >
Problem Information model Artifact

Figure 15: Specified DSR-approach for the overarching research phase

This specific practical problem was identified based on informal conversations with
practitioners involved in digitalization projects of their organizations, semi-structured
interviews as part of study A, and project work conducted in cooperation with organi-
zations from 2018 to 2020 as part of a research project. During the rigor cycle, the in-
novativeness of the research must be ensured, and the knowledge base is searched for
valuable inputs to contribute to the artifact’s design. Therefore, the rigor cycle com-
prised a literature review on problem-solving approaches and methods suited for tech-

nology identification and selection. The design cycle comprised many iterations
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between designing and refining the novel approach and evaluation versus the knowledge
base. After the designed method met the researcher’s standards, it was evaluated more

closely, consulting empirical data gathered from study A and related project work.

7.2 Overview of the Supply Chain Process Innovation Grid

The dissertation proposes a method that enables organizations to systematically innovate
their supply chain processes in a radical or disruptive manner. This method is based on
the detailed findings of studies A, B, and C and was designed in a separate, methodo-
logically rigorous process. During this research process, supplementary literature and
data were identified and used. Contrary to studies A, B, and C, which had a high theo-
retical focus, this overarching research strongly emphasizes the resulting method's prac-

tical usefulness and direct applicability.
Goal and structure of the Supply Chain Process Innovation Grid

The proposed method is dedicated for usage by supply chain practitioners after the first
indication of an innovation problem has emerged. Thus, situations the organization has
identified as an opportunity or need for improvement in a specific inter-organizational

process pose the starting point of the proposed method.

Based on this initial innovation problem setting, the Supply Chain Process Innovation
Grid supports systematic analysis, goal formulation, solution search, and evaluation and
selection of solutions to deploy technologies that ultimately fit the process's character-
istics. These main steps of the method are adapted from the widely-known Systems En-
gineering approach and pose the first central dimension of the grid. The literature review
revealed that some holistic methods and approaches for problem-solving and systems
development have high potential and a proven record in practice (Haberfellner et al.,
2019). A comparing analysis showed that Systems Engineering’s characteristics fit the

given problem very well for the following reasons:

e It poses a highly structured approach regarding the steps performed, which fits

the need for a systematic approach towards innovation (Haberfellner et al., 2019).

e Despite its clear structure, it leaves many degrees of freedom regarding how dif-

ferent steps are performed in detail and leaves some opportunities to enhance the
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agility of the approach, e.g., by iterating over the steps of the problem-solving
cycle (Haberfellner et al., 2019).

It provides a school of thought as part of its philosophy that facilitates working
with complex systems and solutions, and inter-organizational processes and

emerging technologies fall into these categories (Haberfellner et al., 2019).

Although these characteristics make it generally suitable to guide process innovation in

supply chains, Systems Engineering lacks specific consideration for inter-organizational

processes and technology deployment. Thus, the approach can only serve as a structur-

ing guideline that must be specified based on the findings of this thesis. The four steps

of the Systems Engineering problem-solving cycle play a crucial role in the resulting

method and are thus explained shortly in the following:

System analysis poses the first step of the problem-solving approach that follows
the initial identification of the innovation problem. The system analysis goals are
to understand the problem with special consideration of the problem's scope and
its embedding in the environment. It lays the basis for formulating goals and

searching for solutions (Haberfellner ef al., 2012).

Goal formulation handles the fundamental question of what are we trying to
achieve? Some form of goals is often already included in the initial innovation
problem. Moreover, the situation analysis reveals important and concrete goals
for the innovation problem. Goal formulation is also related to solution search,
as it resolves conflicting goals between different stakeholders and focuses on the
subsequent solution search. The goal formulation phase thus acts as an integrat-

ing factor between initial problem and solution search (Haberfellner et al., 2012).

Solution search poses the phase of creatively designing and analyzing potential
solutions for the initial innovation problem. It directly relates to the results of a
situation analysis and goal formulation. Expertise and creativity are two main
drivers of successful solution search. Systems Engineering suggests the design
of different versions of solutions to decide from instead of early engaging in one

specific solution (Haberfellner et al., 2012).

Evaluation and decision-making mark the last phase in Systems Engineering’s

problem-solving cycle. It comprises the evaluation and decision-making
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regarding the solution. During the evaluation, different versions are assessed
based on the given criteria. The goal formulation phase directly informs these
criteria. Following the evaluation, a decision regarding the project's further de-
velopment arises. Decisions with far-reaching impact should always be supported
methodologically (Haberfellner et al., 2012).

It is worth mentioning that besides the four problem-solving steps, Systems Engineering
provides a meta-process to put different projects or studies in a broader context. It dif-
ferentiates between preparatory studies, main studies, and detailed studies (Haberfellner
et al., 2012). This differentiation makes sense to draw a complete picture of system
development projects, from gaining access and direction to a problem towards detailed
solutions design. However, in practice, seldomly all of these studies are conducted ex-

plicitly in a structured manner.

The Supply Chain Process Innovation Grid has the character of a preparatory study in
this regard and leaves the other studies out of scope to be solved by traditional Systems
Engineering or other approaches. Therefore, the proposed method is a structured, de-
tailed, and specific guideline to execute the preparatory study of an innovation problem
in a supply chain process. Figure 16 illustrates different abstraction levels of technology
decisions. The proposed method is concerned with problems related to technological

applications. The preparatory study results in answers for the two main questions:

e During the subsequent studies, which technological applications should be fo-

cused on for this specific problem?

e How must the management activities and organization be designed to address the

problem during the subsequent studies?

Resulting from the preparatory study as suggested by this method, a decision on which
technological applications can solve the innovation problem evolves. Subsequently,
main studies have to be conducted separately. These studies then comprise the specific
design or customization of the technological solution and the evaluation of different
solution providers. Lastly, detailed studies must specify very detailed aspects like tech-

nical interfaces of systems and first prototypical implementations.
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Technological solutions:

Specific technological
products for a concrete
context,

Example: analytics tool for the
sourcing process using a
software of a certain provider

Available vendors and
vendor characteristics
(e.g., product offering,
pricing structure, quality)

Which solution and
vendor are to chose for a
specific problem?

Technological applications:
Combination of one or more
industry 4.0 key technologies
building a specific solution or
product than can be used in
different contexts,

Examples: augmented reality
glasses, autonomous drones

Defined form and
functionalities

Abstract situation of
technology market

Specific functions and
deployment areas in SCM

Which application can
generally solve a specific
problem?

Key technologies:

Abstract building blocks of
technology infrastructure

Examples: [oT, cloud
computing, distributed ledger
technology

Abstract functions

Abstract benefit
propositions like
interconnection, transport,
transactions, transparency

Which key technology can
address the problems
regarding their abstract
functions and proposed
benefits?

Base technologies:

Fundamental technical
principles regarding sensors
and actuators, communi-
cations, data storage and
processing

Example: sonar sensors

Fundamental
functionalities

Underlying fundamental
physical mechanisms

Which basic technologies
is the solution based on?

Are there interoperability

problems on base
technology level?

Figure 16: Abstraction levels of technology decisions

The second dimension of the method’s framework stems from the socio-technical-sys-
tems theory (Section 5.5). It differentiates between the social system of the innovation
problem (i.e., the structures and people involved) and the technical system (i.e., the tech-
nologies and processes involved). The individual studies and their empirical evidence
have shown that technology initiatives are seldom solely about technology. Technolog-
ical capabilities progress and technological systems' implementation becomes more
manageable than before. Thus, integrating technologies with their social surroundings
becomes crucial for technology adoption. In their seminal work on socio-technical sys-

tems, Bostrom and Heinen (1977) stated that organizations and processes are highly
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complex combinations of technical and social systems. Thus, a method for achieving
process-technology fit must explicitly address both the social and the technical system

and ensure their fit with each other.

The differentiation between social and technical systems plays an essential role in the
Supply Chain Process Innovation Grid. Thus, the main aspects and the specific transfer
for supply chain innovation problems are elaborated on in the following. It is worth
mentioning that although the differentiation is grounded in theoretical work, some adap-
tions and interpretations were made to ensure the practicability and usefulness of the

resulting method.

e Social systems comprise people and structures (Bostrom and Heinen, 1977). Peo-
ple include the employees affected by the innovation problem and the process
innovation. The people's knowledge, skills, attitudes, values, and needs in the
work environment are also included under the people dimension. Structures of
the social system refer to reward systems or authority structures of the specific
setting in the organization. Some research on socio-technical systems has an even
broader view and includes customers, suppliers, and regulations into the social
system (Heller, 1997). This broad view is adapted for the developed method as it

aids in modeling the inter-organizational setting of supply chain processes.

o Technical systems comprise processes and technologies (Bostrom and Heinen,
1977). These processes!” refer to the organization's transformation of input into
valuable outputs. Technologies refer to all kinds of devices, tools, or techniques

that support this value creation process.

As stated in Section 5.5, harmony between the social and the technical system is a vital
issue in technology adoption and a cornerstone of socio-technical theory. Applied to the
setting of this thesis, the theory states that innovation problems can only be solved suc-
cessfully if the interdependence of the social and the technical sub-system of the process
is explicitly recognized. Furthermore, researchers have stated the need for design ap-
proaches to understand the inter-relationship of different sub-systems and methods that
facilitate harmonization (Cherns, 1976). Therefore, the suggested method explicitly en-

forces harmonizing the two sub-systems of the innovation problem in each phase of the

17 In the original source, the technical system comprises tasks and technologies. As outlined in section 2, this thesis
views tasks as lower-level sub-processes and does not explicitly delineate between the two.
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problem-solving cycle. Figure 17 provides an overview of the Supply Chain Process

Innovation Grid, including its main dimensions and essential activities in each field.

Social system Technical system
Structure People Process Technology
| Proper problem-understanding as pre-condition for effective problem-solving. |
| |
Analyze and
- Analyze and classify innovation problem classify
i and identify situational factors to innovation
= estimate influence on management of problem as a first
é pre-adoption process and solution step towards
design. ensuring process-
technology-fit.
| Compare and harmonize findings of social and technical system’s analysis. |
I I I
8 | Proper goal-definition as basis for solution search, evaluation, and selection. |
.g I
= Define precise targets for the project and Define aspired
. . changes of the
the resulting system regarding structures .
©) process and its
(3= and people.
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o ! ; ) ;
&) | IHarmomze social and telchmcal system’s goals. : |
| Synthesis and analysis of solutions based on the analysis and goals. |
I
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< organizational levers to reach the archetype and .
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2 enabled support.
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| Comparison and harmonization of social and technical system’s solutions. |
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‘7 I I
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?:D and the goal formulation with specific problem and available technologies and
3 v configurations of managerial and determine a specific technological
S g organizational levers. application to reach the aspired goals.
§ ) I
= Analyze and assess fit between the final decisions of the social and technical system.
LE Harmonize if possible or reiterate.
1 1 1

Figure 17: Overview of the Supply Chain Process Innovation Grid

Application of the Supply Chain Process Innovation Grid

Working with the proposed Supply Chain Process Innovation Grid consists of two main

phases: preparation and execution. The preparation phase is a meta-analysis of the
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situation and determines how the innovation grid must be deployed. While the Supply
Chain Process Innovation Grid itself is static in its content, the application can follow
different paths depending on the specific problem at hand. Figure 18 illustrates possible
paths through the grid.

Sequential, social system-led Sequential, technical system-led
Social Technical Social Technical
system system system system

| | | | < | |

I I I I
Alternating, social system-led Alternating, technical system-led
Social Technical Social Technical
system system system system

v v

|
|
|
S I

TITLT
ENENE)
Ea K
INERND

< |4
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Figure 18: Overview of options to apply the Supply Chain Process Innovation Grid

The sequential approach executes all steps for one of the sub-systems first and then for
the other. Harmonization between the sub-systems is conducted iteratively when the
initial situation, goals, and solutions are elaborated to a relatively detailed level for both
sub-systems. The alternating approach executes each step for both sub-systems before
proceeding to the next one. Thus, harmonization between the sub-systems is ensured
directly after each step. Moreover, both approaches execute the steps for one sub-system
first, and thus one sub-system plays a leading role in the overall process. Figure 19 pro-
vides arguments and recommendations for selecting a path through the grid. However,
these paths only provide a general guideline for approaching the problem. Depending

on the results of each phase, especially comparison and harmonization between different



systems, re-iterations of individual phases may be necessary. Therefore, the grid allows

for a high degree of flexibility and agility in its application.

Sequential

Alternating

Sequential, technical system-led:

* Technical system in focus

* No restrictions to technical system,
social system adapted afterwards

» Isolated design of technical system
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Alternating, technical system-led:
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hard to change. Leading role for the
technical system if higher
technological focus.
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harmonization during the process
and thus minimizes the risk of
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Figure 19: Situational recommendations for applying the Supply Chain Process Innovation Grid

7.3 Outline of the Supply Chain Process Innovation Grid

After an overview and options for applying the Supply Chain Process Innovation Grid
have been given in Section 7.2, Section 7.3 provides a detailed description of the
method’s steps: analysis, goal formulation, solution search, and evaluation and selec-

tion.
7.3.1 Analysis of the innovation problem

The Systems Engineering approach emphasizes a proper problem understanding at the
early stages of a project, as it lays the foundation for all the subsequent phases
(Haberfellner et al., 2012). Therefore, the following subsection elaborates on the de-

tailed analysis of the social and technical system. Thereby, it explains the focus of the
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analysis and the main activities and provides a specific method or tool for each of the

sub-systems’ analysis.
Social system analysis

The social context of the initial innovation problem has a significant impact on two main
aspects: (1) the design and management of the pre-adoption procedure and (2) the design
of the resulting solution. The first aspect is emphasized in this method explicitly and
focused because the individual technology pre-adoption approach must be designed
carefully to result in successful and efficient outcomes. Moreover, successful and effi-
cient pre-adoption is highly dependent on different influencing factors, as study A indi-

cated.

The second aspect handles the influence of the social system on the solution design.
Thus, it 1s essential to systematically identify and classify the initial innovation problem
during the analysis phase. Furthermore, this information will be necessary during the
harmonization between the technical and social systems in the later stages of the ap-
proach, namely during solution search. As stated earlier, the technical system needs to
fit the characteristics of the social systems. Thus, the initial characteristics of the social
system have to be determined. To sum up, characteristics of the social system have a
significant influence on both pre-adoption management design and solution design.
Thus, this part of the Supply Chain Process Innovation Grid offers a specific tool to
systematically identify and classify the characteristics of the initial innovation problem’s

social system.

The Systems Engineering approach, as described by Haberfellner et al. (2012), relies on
the very effective system analysis and system delineation method to determine what
aspects of the problem are changeable, which ones are to consider but not to change,
and which ones are out of scope. After relevant elements have been identified and clas-
sified, their relationships are drawn out. As mentioned earlier, Systems Engineering
does not prescribe specific detailed ways to analyze the initial situation but instead em-
phasizes the necessity to do so and the goals to be achieved. In practice, often recognized
frameworks such as the PESTEL-analysis structure the situation analysis and system
delineation (Haberfellner ef al., 2019).

For analyzing and characterizing the innovation problem’s social system, the Supply

Chain Process Innovation Grid proposes the specific structure as illustrated in Table 4.
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The table poses an operationalized and extended version of the results of study A'S,
Practitioners can use the table as a questionnaire to determine and document the relevant

characteristics of the social system’s initial situation.

Table 4: Questionnaire to analyze the innovation problem’s social system

Second-order themes Questions Answers
Investment How high is the impact of necessary Very low or no impact
investments for the organization? Low impact (smaller than most projects)
Considerable impact (same or more than
most projects)
Substantial impact (higher than most pro-
o jects)
% Relevance for main How is the main business activity of No relevance for main business
:f‘;’ business activity the organization influenced by the Moderate impact (e.g., efficiency gains,
&) problem? minor improvements)
High impact: problem relates to organiza-
tion’s core business (e.g., new service of-
fering)
Financing What is the source of the organiza- Equity
tion's and project’s funding? Debt
Origin of problem Does the problem originate from in- Internal
side the organization or from an ex- External
ternal trigger (e.g., customer, sup-
2 % plier)?
3 g Time reference of What timeframe and what hierar- Operational
% Tg problem and manage- chical management sphere is the Tactical
§ & | ment sphere problem located? Strategic
=~
Abstraction level of In which form was the problem iden- Specific problem description
problem tified? Vague notion of issues
Competence and moti- | Do the affected employees have spe- High competencies and high motivation
vation cific competencies regarding prob- High competencies but low commitment
lem-solving, technology, and project or even resistance
management? Are they committed to Low competencies but high motivation
changing the current status? Low competencies and low motivation
Culture What is the organization's or depart- Traditional: High levels of hierarchy and
° ment's culture? For example, is bureaucracy
% change, agile work, and technology Agile: High levels of entrepreneurship,
~ part of the culture? Do hierarchy and low levels of bureaucracy and hierarchy
defined structures and processes de-
fine the organization?
Size of the affected or- | What is the organization's or depart- Multi-national corporate
ganization ment’s size, the problem is located? National corporate
Small or medium company
Startup

18 A detailed description of the method and the results are given in study A in the Appendix.
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Table 4 (continued)

Second-order themes Questions Answers

Affected departments How many and which of the organi- e Low complexity: Only initiating depart-

zation’s internal departments are af- ment and some loosely related stakehold-
o fected? How complex is it to find ers
£ g‘ common ground on decisions and e Medium complexity: Initiating and few
g B gather information? How are affected other relevant internal stakeholders. Close
é S departments distributed geograph- geographical distribution
= ically? e High complexity: High number and high
relevance of internal stakeholders, glob-
ally distributed
Affected external de- How many external departments are e Low: No external stakeholders involved
partments affected by the problem? How and o Medium: Low number of external stake-
2z how intensely must they be involved? holders, primarily informative involve-
% Are there cultural differences be- m.ent )
g tween the organizations? e High: High number of exte.rnal stakehold-
° ers with intense collaboration
o § Geographical specifica- | What is the geographical scope of the | e Low: Low geographical distances and ho-
% E) tions and footprint problem? Do geographical distances mogenous regulations
§ affect the problem? Are different reg- | e High: High geographical distances and
Mé ulations or specifications relevant? heterogenous regulations
‘E Strategic cooperation Is current strategic, long-term cooper- | o Yes: Current strategic cooperation aid in
Z ation with supply chain partners af- solving the problem and must be consid-
. fecting the problem? ered
& o Yes: Current strategic cooperation hinder
g solving the problem and must be consid-
& ered
e No: The problem can be addressed inde-
pendently
Cost structure of tech- What costs are involved when access- | o High initial cost, high running cost
nology ing a specific technology? How ex- e High initial cost, low running cost
actly do these costs occur? e Low initial cost, high running cost

e Low initial cost, low running cost
e Free access

Availability and diver- | How attractive is the technology mar- | e High complexity: Low number of suitable

Technology market characteristics

sity of solutions, ven- ket from a buyer’s perspective? How suppliers, hard to identify them, low ne-

@ dors, partners complex is the technology market? gotiation power of the buyer
§ e Low complexity: High number of suitable
L'T; suppliers, easy access, high negotiation
E power
é Process regulations Are there mandatory requirements for | e Yes
.§ conducting technology projects in the | e No
Sl g industry?

]

:§ Documentation re- Are there mandatory requirements for | e Yes

é" quirements documenting technology projects in e No

= the industry?

@

'§ Solution restrictions Are specific types of solutions pro- e Yes

hibited or prescribed by industry reg- | e No
ulations?
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It is important to note that this questionnaire comprises both the people and the structure
of the social system, and it does not sharply delineate between them. However, both

dimensions and their main aspects are included in the tools and discussed shortly.

The people dimension is a significant influencing factor and highly relevant for the ini-
tial innovation problem for two reasons. First, people have a high impact on how the
pre-adoption process must be designed. Therefore, it is necessary to assess the skills and
motivations of the involved employees. More precisely, the people who will participate
in the initiative have to be analyzed. Second, people play a crucial role in the question-
naire's internal and external affected departments dimension. More precisely, people that
do not play an active part in the initiative but must comply with specific goals and ac-

tivities or provide necessary information or support during the process must be analyzed.

The other dimensions of the questionnaire mainly refer to structures in place, either in
the organization itself, in the supply chain setting, or the industry or environment as a
whole. It is worth mentioning that these structures also have interdependencies with the
people. Overall, the questionnaire in Table 4 thus serves as an actionable tool for inte-
grative analysis of the innovation problems social system, including the relevant struc-

tures and people.
Technical system analysis

The technical system of the innovation problem consists of the analyzed process, in-
cluding its sub-processes and the technologies deployed. The Supply Chain Process In-
novation Grid focuses on analyzing the process part of the technical system. From an
abstract perspective, the process manifests a business need of the organization that has
to be performed (Davenport, 1993). Thus, identifying this abstract business need is cru-
cial for designing efficient processes. The thesis views this business need as fixed rather
than changeable. On the contrary, technologies and technological infrastructure can be
interchanged quickly and are thus handled during the solution search so that they are out

of focus in the analysis phase.

As stated earlier, research revealed that technology deployment only leads to the ex-
pected performance outcomes if it fits the environment it is deployed in (Goodhue and
Thompson, 1995). Thus, a proper understanding of the innovation problem is the first
step to achieving a fit between the process and potential technological solutions. Study

B revealed a set of dimensions and characteristics most important to analyze when
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technologically innovating a given process. Based on these findings, an innovation prob-
lem canvas was built to facilitate the analysis of innovation problems in practice, as

illustrated in Figure 20.

Object task

What are the tasks to fulfill for each of the
identified flow objects? Match tasks to object types
and describe based on: creation, transition,
storage, verification, modification.

Object type

What types of flow objects are affected by the
process? Name and describe all relevant among:
physical, information, financial, and legal flows.

System complexity t

Describe the complexity of the context for each relevant sub-process. Is the context highly structured
(closed system), controllable within defined boundaries (controlled system), or highly complex and
unforeseeable (open system)?

Hierarchy distribution
Based on the organizational scope and scale,

Organizational

scope and scale

Describe the organizational scope of the process.
Does it stay within the organization (intra-
organizational), reach first-level partners (dyad),

describe the hierarchy distribution. Does the focal
organization have an advantage or disadvantage,
or is there no hierarchy existent? What are key

reach second-level partners (triad), or the whole roles?
network?

Describe the scale of the process. Does it affect
only on specific scope (e.g., specific dyadic
process) or multiple ones (e.g., all tier-1 supplier
processes)?

*

Figure 20: Innovation problem canvas for supply chain processes

The usefulness of this canvas is twofold. First, it allows a sharp classification of indi-
vidual innovation problems. This classification is the basis for later categorization into

a cluster and matching potential technologies during solution search. Second, the canvas
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serves as a medium for systematic qualitative analysis of innovation problems. Besides
strict classification, practitioners should elaborate each of the canvas’ fields qualita-
tively so that the canvas is used to elaborate, store, and communicate the analysis of the

innovation problem in and beyond the organization.
Harmonization of the social and technical systems’ analysis

After the sub-systems’ individual analysis, an integrated examination of the findings
must be conducted. Thereby, essential inter-relationships and restrictions between the
two sub-systems need to be identified. In practice, this issue can be addressed by dis-
cussing each sub-system’s analysis findings with relevant stakeholders of the other sub-

system or re-iterating findings in workshops.
7.3.2 Goal formulation for the innovation problem’s solutions

Goal formulation poses a significant aspect of the Systems Engineering solution cycle
because it is crucial to define precise and exhaustive goals for every aspect of the solu-
tion. Goals are elaborated based on the situation analysis and build the basis for evalu-
ating and selecting potential solutions in the following phases. Four types of goals can
be differentiated (Haberfellner et al., 2012; Autry et al., 2010):

e Must-have goals: The solution must have a specific characteristic or fulfill spe-

cific criteria.

e Restricting goals: The solution must not exceed or fall below a particular value

in a goals dimension.

e Nice-to-have goals: The solution is rated better if it has a specific characteristic

or fulfills specific criteria.

e Optimization goals: The higher or lower the values in a specific goal dimension,

the higher the solution's rating.

For the context of technology-enabled innovation in supply chain processes, the Supply
Chain Process Innovation Grid moreover distinguishes two types of goals: (1) project
goals and (2) system goals. Project goals refer to the process that leads toward the ulti-
mately designed system (i.e., the technology pre-adoption approach), whereas system
goals refer to the solution itself (i.e., the implemented technology and its environment).

Project goals mainly address the social system of the innovation problem. Therefore,
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they are related to the style and organization of the technology pre-adoption procedure
to achieve specific outcomes. However, they are also intertwined with the technical sys-
tem as the ultimate goal of the pre-adoption process is performance enhancement

through technology deployment.

System goals address both the technical and the social systems. The central aspect is the
technical system, as it focuses on the design of the solution. However, as the technical
system and the resulting solution are highly interdependent with the social system, the
technical system goals also have to consider the social aspects. The Supply Chain Pro-
cess Innovation Grid proposes a practical framework for defining the goals of both the
technical and the social systems. Interdependencies of the systems are addressed by
overlapping dimensions in each set of goal dimensions and by harmonizing the goals at

the end of the goal formulation phase.
Social system’s goals

The main goal dimensions of the social system can be illustrated on a scale of project
and system goals. Study A identified four main dimensions of measuring the success of

technology pre-adoption with touchpoints to project and system goals!®:

e Pre-adoption efficiency: How much resources does the pre-adoption procedure
itself consume concerning the outcome? This dimension purely refers to the out-
put of the pre-adoption management and organization under consideration of spe-

cific inputs.

e Adoption success: Did the pre-adoption process lead to successful implementa-
tion in the organization? It is important to note that this dimension relates to im-
plementing the solution as the proceeding phase after the pre-adoption. The re-
search found that the better the pre-adoption process, the higher the chances for
successful implementation. For example, an excellent pre-adoption process will
sort out unrealistic solutions that might lead to unsuccessful implementation or
conduct thorough planning early on, facilitating implementation (Selensky and
Hofmann, 2020b).

1 Detailed information on the identified goals and their inter-relationships can be found in study A in Appendix
A.
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e Acceptance and utilization: Are all relevant stakeholders accepting the resulting
solution and utilizing its full potential? This question poses the central aspect of
the social system’s goals. It is located at the interface of process and project goals
and cannot be analyzed separately. Acceptance and utilization are measured after
implementing the resulting solution, but the pillars for acceptance and utilization
are built during the pre-adoption phase (Selensky and Hofmann, 2020a). For ex-
ample, specific change activities and stakeholder involvement during the pre-
adoption process significantly impact the acceptance and utilization of the tech-

nical solution (Selensky and Hofmann, 2020b).

e Effectiveness: Does the resulting solution provide the outcomes and the perfor-
mance as planned? This dimension mainly refers to the technical system itself.
However, as the goal of the pre-adoption process is to identify and select techni-
cally effective solutions, effectiveness also ultimately measures the quality of the

pre-adoption process.

These are the four main dimensions of social system goals on a holistic level. In practice,
additional operationalization of each dimension is necessary, considering the organiza-
tion’s situation. Specific sub-goals must be formulated using one of the beforementioned
goal types for each dimension. Besides the goal types, these specific sub-goals must
include a metric, a numeric target, and a time constraint for when the goal is to be
reached (Haberfellner et al., 2012). For example, for pre-adoption efficiency, an exem-
plary input and output could be operationalized with a fixed budget in a given currency
(i.e., numeric target and metric) for the pre-adoption process. Moreover, a set deadline

(i.e., time constraint) could pose a restriction goal for the input.
Technical system’s goals

As defined earlier, processes transform a specified input into an output of higher value
(Davenport, 1993). Thus, technology-enabled innovation can improve either the input,
the output, or how the value creation process is executed in between. Based on these
considerations, five generic characteristics describing the holistic goals of technology
deployment in supply chain processes are derived (Selensky and Hofmann, 2021): ena-

ble a process, accelerate the process, automate the process, improve the process output,



80

reduce the process input®’. Figure 21 illustrates the inter-relationships between the dif-

ferent innovation goals.

Process-related

Input-related
Reduce
Enable Automate rocess
process process P!
mput
v Output-related
Improve
Accelerate P
ocess process
P output

Figure 21: Overview and inter-relationships of the technical system's goals?!

e Enable a process refers to technologically facilitating a process that was not pos-
sible to execute in that specific way before. For instance, this applies to collecting
new data types due to modern sensor technology (Winkelhaus and Grosse,
2019b).

o Accelerate the process refers to the speed and timeliness of a process, e.g., how
fast data is available at a desired location or supply chain actor (van Hoek,
2019b).

o Automate the process refers to the degree to which manual interference is neces-
sary to perform a process. For example, physical handling effort or human inter-
action during information exchange between supply chain partners fall into this

category (Wamba, 2012; Hellstrom and Wiberg, 2010).

e [mprove the process output refers to the result of the process regarding quality,
amount, or other relevant measures of value. Examples are data accuracy or the
financial outcome of specific processes (Brinch et al., 2018; Engelseth and
Wang, 2018).

20 Detailed information on the identified goals and their inter-relationships can be found in study B in Appendix
B.
2! Figure 21 is extracted from study B.
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e Reduce the process input refers to the resources required to perform a particular

process, €.g., making it more efficient or sustainable (Yang, 2019).

These are the generic goals for improving the process of the technical system using
technology. These generic goals must be prioritized and specified in a two-step approach
during practical application. First, the primary goals must be identified out of the five
dimensions. Usually, one main goal is the trigger of the innovation problem. Second,
for the main goals, specific sub-goals need to be defined following the goal formulation
approach of Systems Engineering, including goal types, metric, numeric target, and time

constraint (Haberfellner et al., 2012).
Harmonization of the social and technical systems’ goal formulation

As stated above, the social and technical system’s goals are highly interdependent. The
overlapping dimensions of the social system’s goals (i.e., acceptance, utilization, effec-
tiveness) already account for that interdependency somehow. However, after the spe-
cific sub-goals are formulated for each system individually, they should be compared
and reflected against each other. This way, opposing goals or a diverging focus in dif-
ferent goal dimensions can be identified early. Also, this comparison poses a step for
different stakeholders (e.g., technical staff and project management) to understand all

aspects of the initiative better.
7.3.3 Solution search to resolve the innovation problem

The solution search builds upon the knowledge gained from the analysis and the goal
formulation phase. It can be divided into synthesis and analysis of solutions. During
synthesis, a wide variety of solutions is searched. During solution analysis, solutions are
pre-evaluated based on their potential to solve the problem according to the formulated
goals (Haberfellner et al., 2012).

Social system’s solution search

This part of the Supply Chain Process Innovation grid refers to designing and managing
the technology pre-adoption process to reach the formulated goals of the social system.
It, therefore, refers to both the social system while adopting the innovation and the re-
sulting social system. Solution search for the social system involves identifying and an-
alyzing relevant levers and options for the pre-adoption design. Subsequently, for each

of the levers, a specific configuration that fits the innovation problem’s characteristics
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must be determined during the evaluation and selection phase. The configuration of
these levers directly builds upon the problem analysis and the formulated goals de-
scribed in the earlier sections. Table 5 provides an overview of essential levers that de-
termine technology pre-adoption design. They span the solution space for proceeding
and organizing technology pre-adoption in supply chain management. The table is based
on the findings of study A, namely the identification and systematization of response

variables for technology pre-adoption in supply chains?2.

Table 5: Managerial and organizational levers of technology pre-adoption in supply chains

Second-order themes Range/answer

How are problems identified and prioritized in the organization? Are they actively col-

Problem identification | jected or passively perceived? Are identified problems considered systematically

mechanisms
Examples: ongoing roadmap development, regular discussion in team meetings

What activities are conducted during the technology pre-adoption process? Where is

Selection activities the focus of activities and resources?

Examples: market research, testing, requirements definition, cost comparison

Are early change activities necessary? What activities to enhance the acceptance of the
Change innovation already during the pre-adoption phase are in place?

Examples: internal and external marketing, stakeholder involvement, project branding

What specific tools and methods are used during the pre-adoption procedure? For
which steps can standard methods be used, for which are specialized or customized

Tools and methods methods are necessary?

Pre-adoption process

Examples: specification sheet, physical testing, workshops, risk management, business
cases, user story clustering

What criteria are used for decision-making?
Decision making
Examples: monetary factors, soft factors

How is the team performing the pre-adoption process assembled? What are the respon-
Team and Roles sibilities, and who is holding them? Who is accountable for which aspects? What per-
sons or departments are consulted or informed besides the core team members?

What is the planned project duration? What budget is available for the pre-adoption

Project size .
! and the overall project? How many resources are allocated towards the problem?

Are external partners involved during solution search?

Partners
Examples: R&D partnerships, consulting firms
‘What philosophy is followed during the problem-solving process?
Philosophy Examples: Rigid waterfall processes, unstructured intuitive processes, agile process

structure

Pre-adoption organization

How are the activities conducted time-wise? Can activities be carried out in parallel to

save time? How much time is allocated to which activities?
Time management
Examples: balance between scheduled time for requirements engineering and design

phase

22 For detailed information on the individual themes and the method they resulted from consult study A in Appen-
dix A.
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Technical system’s solution search

This part of the developed method identifies and analyzes potential technological solu-
tions for the given innovation problem. During the analysis phase, the main characteris-
tics of the innovation problem were recorded systematically in the innovation problem
canvas. The research of study C found that some of these characteristics often occur in
specific combinations in practice. Subsequently, these findings led to the identification
of clusters of innovation problems and made it possible to link specific technologies to

these types of innovation problems.

Thus, this step involves classifying the specific innovation problem into one of the em-
pirically derived clusters to identify technological solutions with the highest potential to

solve the innovation problem.

Table 6 provides an overview of the derived clusters of innovation problems and their
main characteristics to facilitate the classification of innovation problems. Moreover,
the table provides insights into typically observed use-cases of these innovation prob-

lems and introduces technologies that fit the problem type?’.

The matching of the specific innovation problem to more generic types allows for fur-
ther analysis and quick focusing on a specialized technological area and thus serves as
the first part of the solution search (i.e., synthesis of solutions). During the second step
of the solution search, these different solutions must be discussed to evaluate their po-
tential for the specific problem. Also, real-world problems often do not easily fit into
one of the generic clusters. Thus, different clusters must be observed and assessed for

potentially fitting solutions.

2 A detailed description of the clusters and the methods used to derive them is given in study C in Appendix C.
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Table 6: Clusters of innovation problems, main characteristics, and suitable technologies

Cluster

Main characteristics

Typical use-cases

Technologies and tech-
nology characteristics

1: Enable inter-
organizational
flow tasks in
open systems.

Enable new object flows
Create information or verify
physical flows

Scope: Dyad or network

Tracking, tracing, monitoring so-
lutions (e.g., geographical posi-
tion, temperature, identify, physi-
cal characteristics)

Creating information or enabling
faster access to information

o Sensor technologies

and auto-identification
Distributed ledger tech-
nology

2: Enable infor-
mation storage
in and beyond
organizations.

Information flows and infor-
mation storage

Enabling or reducing the ef-
fort as main goals
Intra-organizational, dyad,
and network-level

Aggregate existing information
Allow accessibility or visualiza-
tion of information (e.g., dash-
boards, monitoring systems intra-
firm or platforms network-wide)

Cloud computing, soft-
ware platforms, data
centers, distributed
ledger technology,
smart mobile applica-
tions

3: Create and
transfer infor-
mation along
supply chains.

Information flows

Creation and transition of in-
formation

Enable, accelerate, or auto-
mate information flows in or
between organizations
Closed or controlled systems
with reduced complexity

Automation of transition of infor-
mation flows: automated re-orders
between supply chain partners
(e.g., digital Kanban)
Acceleration: Better information
provision for shop-floor workers
Enable and automate the creation
of digital information

Smart wearables, sen-
sors, machine learning
algorithms, distributed
ledger platforms

4: Improve out-
put of infor-
mation handling
in organizations.

Modification of information
Improve the outcome of in-
formation modification
Closed or controlled systems
on the intra-firm level

Examples comprise route optimi-
zation, maintenance planning,
data analysis

More precise solutions to pro-
cesses that were solvable before

e Machine learning algo-

rithms and correspond-
ing hardware to process
large amounts of infor-
mation

5: Improve the
physical dimen-
sion in organiza-
tions and supply
chains.

Physical flows in organiza-
tions or between supply
chain partners

Closed or controlled systems
Enable, accelerate or auto-
mate the creation, modifica-
tion, and verification of
physical flows

Creating physical assets as a pro-
duction process often refers to en-
abling unique designs, rapid pro-
totyping, or automation
Verifying physical flows as trac-
ing their origin or certifying spe-
cific characteristics

e Creation: Additive

e Verification: distrib-

manufacturing, robot-
ics, intelligent machin-
ery systems

uted ledger technology

6: Automate
physical storage
on the organiza-
tional level.

Physical storage on the intra-
firm level

Automation and acceleration
of processes

Aid in picking process for human

workers

Automate intra-logistics transport

Automate and optimize warehous-
ing through overarching systems

o Intra-logistics robots
o Intelligent warehousing

7: Improve the
physical
transport in
open systems.

Physical transport
Complex open systems
Dyadic scope

Automate, accelerate or re-
duce necessary resources

Physical delivery in complex real-
world settings

Reducing human interaction in
these processes through partly au-
tomation (e.g., vehicle operation
or loading)

Accelerate the tasks by using radi-
cally new transport opportunities
(e.g., drone delivery)

Reducing resources through mod-
ern transport concepts (e.g., pla-
tooning, sustainable delivery ro-
bots)

e Autonomous vehicles

e Autonomous trucks and

comprising different
sub-technologies

trains, delivery and
loading robots, drones,
software, and sensor
technology
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Harmonization of the social and technical systems’ solution search

Synthesized solutions of each sub-system must be examined in an overall socio-tech-
nical context after individual pre-evaluation. Thereby, it is crucial to identify conflicts
regarding potential social and technical sub-system solutions. Furthermore, potential
conflicts must be evaluated for all potential combinations of technical and social system
solutions. A practical approach for this harmonization poses the confrontation of essen-

tial stakeholders of each sub-system in a structured environment.
7.3.4 Evaluation and selection of a solution for the innovation problem

This part of the Supply Chain Process Innovation Grid is concerned with selecting the
best solution from the solution search phase systematically and transparently. The main
criteria for the selection stem from the goal formulation phase for each of the sub-sys-
tems. Although all necessary information is available in this phase, evaluation and se-
lection poses a critical step. In practice, decisions are often influenced by personal biases
(conscious or unconscious), and thus the evaluation and selection should be supported
methodologically (Selensky and Hofmann, 2020a). As a result, the selection phase of
the Supply Chain Process Innovation Grid determines which technological application
should be focused on during a subsequent detailed study for the innovation problem and

how this study should be conducted.
Social system’s evaluation and selection

During the evaluation and selection phase of the social system, the results from the anal-
ysis and the goal formulation for the social system have to be matched with specific
configurations of the managerial and organizational levers. So, naturally, it is difficult
to provide a best practice for every possible combination of situational factors and goals,

especially to empirically validate these combinations.

However, study A revealed some propositions for successful technology pre-adoption
in supply chains, linking some of the influencing factors with important response varia-
bles?*. An overview of these propositions is given in Table 7. These propositions provide
actionable if-then explanations according to contingency research's primary purpose

(Willner et al., 2016). Following the interaction approach of fit, implications on

24 A detailed description of the propositions and the methods used to derive them is given in study A in Appendix
A.
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performance were identified for selected pairs of contextual variables and corresponding

responses (Drazin and Van de Ven, 1985).
Technical system’s evaluation and selection

Based on the considerations of the solution search, a specific technological application
is determined in this phase for detailed analysis and planning in subsequent projects.
There is a wide variety of methods to support evaluation and decision-making system-
atically. For example, Systems Engineering is often combined with methods such as
argument balance for qualitative assessment or utility analysis to quantify different cri-
teria and measure how the solutions fulfill each (Haberfellner et al., 2012). These meth-
ods suit the generic setting of technology selection and are not be explained in detail as
they are commonly explored and applied in the existing literature (e.g., Breiing and
Knosala, 1997).

The Supply Chain Process Innovation Grid proposes the process-technology fit measure
as an essential indicator for decisions on technology deployment as a supplement to
existing generic evaluation methods. Study C revealed a connection between innovation
problem types and technological characteristics. Therefore, during evaluation, it should
be assessed how each potential technological application (as identified suitable during
solution search) fulfills the primary characteristics required by the innovation problem.
Figure 22 illustrates the inter-relationships and provides a structured canvas for the pro-
cess-technology fit evaluation. Thereby, the individual weightings of the technology
characteristics for each cluster are pre-determined on a scale from one to three, based
on study C’s findings. Scores of specific technological applications from the solution
search phase must be added for each technology characteristic to assess the overall fit

measure in a specific cluster.
Harmonization of the social and technical systems’ evaluation and selection

Similar to the beforementioned harmonization during the solution search phase, solu-
tions of the individual sub-systems must be compared and harmonized after final selec-
tion. However, this harmonization is conducted less broadly but with more depth, as

potential solutions are fewer.
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Propositions for successful technology pre-adoption

Propositions for successful pre-adoption

If

Then

Pre-adoption
tasks and
technology
markets

Low access cost for
technology

Minimize administrative and documentation efforts and focus re-
sources on productive activities (e.g., testing, market research).

Complex, dynamic, and
very granular
technology market

Implement long-term market research strategies instead of ad-hoc re-
search.

Wide use of technology
in other industries

Shift pre-adoption focus from open solution searches to transferabil-
ity analysis to improve speed.

Pre-adoption

Low competency level

Define and plan training activities early to consider necessary re-

tasks and for technology usage sources during selection and ensure user acceptance through early in-
competencies volvement.
Change High complexity Conduct early implementation of individually targeted change activi-

activities and

(internal and external)

ties (e.g., user demos, user stories, project branding) for each stake-

and

regarding the main

w2

17

D

%3

(=)

)

2 ) e

g complexity holder group to ensure acceptance and utilization.

2

2 Tools and High criticality and Deploy extensive testing favorably under realistic conditions in addi-

-g methods and | impact of mistakes tion to laboratory environments to ensure effectiveness and ac-

E criticality ceptance.
Decision Regulations restricting Adapt the decision-making model and decision criteria in early
making and the solution space phases of pre-adoption to avoid increased selection effort.
regulations
Decision Unavailability of Adapt decision criteria to market conditions, as mismatch can lead to
making and feasible technological selection delay. Conduct make-or-buy analysis.
technology solutions
markets
Decision Strategic interference Identify potential inference on decision making early or avoid if pos-
making and on decision making sible, since it can have negative implications regarding selection
strategy speed, effectiveness, unbiased decisions.
Team and High internal Clearly define roles and prioritize and document goals of different
Roles and complexity stakeholders to ensure commitment throughout the project.
complexity
Project size High criticality Mitigate risk by allocating adequate resources to the pre-adoption ef-

fort. Shift the focus of pre-adoption towards failure avoidance and

Pre-adoption organization

criticality business activity create awareness for this focus.

Philosoph Procedural restrictions Do not over-emphasize restrictions and evaluate overall philosophy
and Py of regulations nonetheless while accounting for restrictions. Harmonize technical
coulations regulations with approaches to ensure acceptance (e.g., agile methods
regu ..

g even for rigid regulatory approaches).
Philosophy Flexible price structure Utilize benefits of trial-and-error as part of the pre-adoption proce-
and or low entry cost in the dure. Use access to technology for testing to ensure effectiveness, ac-
technology overall technology ceptance, and selection speed.
markets market
Traditional and rigid Integrate agile elements into the overarching procedure resulting in a
. culture of the hybrid philosophy (e.g., waterfall approach regarding main mile-

Philosophy ybrid p phy (e.g pp garding

and culture

organization regarding
approaches and
methods

stones with agile iterations in between milestones).




Individual weighting in each cluster
| application’s score

Technology characteristics 1 2 3 4 5 6 7

Data quality 3] 1 3 3 2 1] 1
Locatability of data 2| 3 2| 2| 1 1 2|
Authorization to access data 3] 3 1 1 3 1 1
Data compatibility 3 3 1 2| 1| 1 2|
Training and ease of use 3] 1| 3 1 1 2| 1
Production timeliness 1 20 2 3 3] 3 3
Systems reliability 3 2| 1 1 3 3 3
Relationship with users 1 1] 3 3 2 3 1|
Fit measure: sum of 2 2 9 2 9 2 9

weighting x score

Figure 22: Template for process-technology fit evaluation
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8 Conclusion

Chapter 7 elaborated a practice-oriented method to enable organizations to systemati-
cally innovate their processes by achieving process-technology fit. Subsequently, this
chapter highlights the theoretical and managerial contributions of the dissertation.
Thereby, Section 8.1. reflects the theoretical implications of the thesis, consisting of the
contributions of the individual studies and overarching contributions. Subsequently,
Section 8.2. illustrates the practical contributions of the thesis and highlights the useful-
ness of the results in guiding organizations to innovate inter-organizational processes
systematically. Lastly, Section 8.3. concludes the thesis by examining the limitations of

the research and proposing future research directions.

8.1 Theoretical implications

This research responds to the need for a theoretical understanding of the interplay be-
tween technologies and their environment and how supply chain managers approach
technology adoption decisions under consideration of this interplay. Therefore, this the-
sis aims to develop a method to systematically innovate inter-organizational processes
in supply chains, explicitly considering the fit between processes and technologies. The
thesis identified three research gaps in the context of designing a method that enables
process-technology fit. Based on these gaps, the individual studies formulated and an-

swered research questions.

Study A takes a management perspective on the process of technology pre-adoption and
thereby answers RQ1. and RQ15. It responds to RQ1. by identifying relevant contextual
factors of technology pre-adoption and structuring them based on empirical data. As a
result, eight different groups of influencing factors were identified and allocated to the
three overarching categories of firm-specific, network-specific, and environmental fac-
tors. These findings contribute to theoretical knowledge in technology adoption by ques-
tioning the best-practice paradigm and systemizing the problem-space of possible influ-

encing factors.

Similarly, study A identifies and systemizes potential responses in managing technology
pre-adoption, thus offering a systematic solution space. This solution space includes ten
different themes of responses that are allocated to the two dimensions selection process

and selection organization. This system of response variables enhances current literature



90

by providing a holistic and contingent view on technology pre-adoption. Moreover, the

research of study A is one of the few in the field to explore the topic empirically.

Lastly, based on the identified influencing factors and responses in pre-adoption man-
agement, the polar-case setting allowed to analyze the data for configurations leading to
positive or negative outcomes. These configurations provide an answer for RQ1y. The
interaction approach from contingency literature fit was used to identify these configu-
rations (Drazin and Van de Ven, 1985). Thus, concrete propositions for successful tech-
nology pre-adoption under certain influencing factors are contributed to the existing

knowledge.

Study B responds to the shortage of problem-focused research in innovation manage-
ment and the lack of conceptualization of innovation problems. Thereby, it answers RQ2
and contributes to theory threefold. First, the study contributes to existing knowledge
by illuminating the problem space of the task-technology fit model with particular re-
gard to SCM. This thesis formulated the need to expand task-technology fit theory be-
yond the individual onto the process level and apply it to a supply chain-specific context.
Study B enables meeting this need by allowing for specific and rigorous operationaliza-
tion and measurement of the problem space of inter-organizational supply chain pro-
cesses. These are necessary to investigate the inter-relationship between problem and
solution space in the context of process innovation (i.e., the characteristics of available
supply chain technologies). These contributions ultimately aid theorizing on the rela-
tionship between innovation problems in supply chain processes and technologies in a
formal way to predict the outcomes of technology deployment and improve technology

adoption decisions.

Study B also contributes through its scientific utility provided by the developed taxon-
omy (Corley and Gioia, 2011). This utility lies in enabling researchers to define and
classify their unit of analysis when researching the field. The taxonomy thus increases
conceptual rigor in future research as it facilitates operationalizing and testing constructs

related to innovation problems in supply chains.

Lastly, study B contributes to theory by structuring existing knowledge to conceptualize
innovation problems in supply chains, which has not been done in this way so far. Thus,
the study provides an in-depth perspective on supply chain processes and innovation

problems while existing research views them as black-box constructs. Furthermore, the
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study breaks the one-size-fits-all paradigm to acknowledge differences in innovation
problems’ relationships with technologies, performance outcomes, research approaches,
and measurement, among others. The taxonomy resulting from study B thus contributes
a more fine-grained classification of innovation problems to theory and paves the way

for further research in this regard (Fawcett et al., 2014).

Study C links innovation problems to technological applications and their abstract char-
acteristics. Thus, the contributions of this study can be divided into deriving groupings
of innovation problems from empirical data and theorizing on the fit between innovation
problems and technologies’ characteristics, answering RQ3. and RQ3s. The empirically
derived groupings of innovation problems proved meaningful and valuable, thus con-
tributing to theoretical knowledge by providing useful archetypes of innovation prob-
lems (Bailey, 1994). Researchers can use these as a foundation for future research or

define their unit of analysis more precisely.

Furthermore, study C contributed to theory by linking different types of innovation prob-
lems in supply chain processes with technologies that have successfully been deployed
to innovate them and especially their characteristics based on the findings of Goodhue
and Thompson (1995). Thus, the results pose a first step towards theoretically explaining
the performance outcomes of specific technologies in a specific environment in inter-
organizational supply chain processes. Understanding this inter-relationship marks elab-
orating a supply chain-oriented process-technology fit model based on task-technology

fit theory.

Existing research has fallen short on providing such a model, especially considering
inter-organizational processes, a holistic technological perspective, and theorizing on
process level instead of individual or group level. To sum up, study C study contributes
to theory by providing an empirically based conceptualization of technology-enabled

process innovation in supply chains, which has not been done in this way so far.

In addition to the contributions of the individual studies, this thesis provides an overall
theoretical contribution, despite the practical focus of the findings’ integration. The the-
sis contributes to an identified research gap on problem-solving approaches. This gap is
concerned with the abstraction levels of existing approaches, being either too generic to
be applied easily for specific problems or too specific to be applied to other contexts.

First, the overarching findings provide a specific method to enable systematic process
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innovation by achieving process-technology fit, which has not been done this way so
far. Second and more importantly, the overall thesis provides a methodological contri-
bution to theory. Thereby, the overall approach of the thesis, consisting of the individual
research studies focusing on detailed aspects together with an overarching study to in-
tegrate these findings based on established problem-solving approaches, can serve fu-
ture research as a blueprint to bridge the gap in abstraction levels mentioned above.
Besides solving the specific problem regarding process innovation in supply chains and
process-technology fit, the thesis has a broader impact. It enables researchers to apply
the same approach for many problems, developing empirically founded and practically

useful methods.

8.2 Managerial implications

This research responds to the practical need for approaching radical or disruptive pro-
cess innovation in supply chains systematically. Thereby, it focuses on how the process
innovation must be approached and how it must be designed and, therefore, contributes
to practice in different ways. Every study has its individual practical implications, while

the overall thesis also provides an overarching practical contribution.

Study A deploys a management perspective on technology pre-adoption in supply
chains. It provides supply chain managers with a useful guideline on which factors to
analyze and consider by elaborating and systemizing relevant influencing factors and
response variables of technology pre-adoption. Additionally, study A provides actiona-
ble propositions for specific configurations of influencing factors and responses that
have proven successful. Practitioners can use these as a guideline when preparing pre-
adoption initiatives. The practical usefulness of study A’s findings is illustrated in Sec-
tion 7.3, where the findings inform the developed Supply Chain Process Innovation Grid

during different phases, focusing on the social sub-system.

Study B designed a taxonomy to systematically analyze innovation problems in inter-
organizational supply chain processes. From a practical point of view, this study con-
tributes to practice in two ways. First, it provides a common understanding of innovation
problems in supply chain processes and makes the construct accessible for supply chain

managers. Access and awareness for this construct are critical because practitioners
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often neglect the problem-side of process innovation. The problem needs to be under-

stood in-depth to innovate the process with a fitting technological solution.

This need for a detailed problem understanding poses the second practical contribution
of study B. The taxonomy is a practical tool facilitating systematic definition,
comparison, evaluation, and analysis of process innovation problems. The application
conducted during the study and the integration of the adapted taxonomy into the analysis
phase in the form of an innovation problem canvas (Section 7.3) highlight the

applicability to real-world problems and pose a contribution in itself (Corley and Gioia,
2011).

Study C connects innovation problems and technologies. From a practical perspective,
the study reduces complexity related to technological applications by simplifying dif-
ferent problems and solutions into seven manageable clusters. These clusters allow for
clear communication on the topic, structured analysis of problems, and efficient solu-
tions design. Study C enables supply chain managers to classify their organization’s
problems, analyze similar problem types, and find fitting technological solutions based
on empirical insights. Although detailed analysis is still necessary after this first indica-
tion of fit, the findings enable practitioners to focus their resources and attention during

technology pre-adoption when facing a specific problem.

At last, the developed method serves as an actionable guideline with specific, empiri-
cally founded tools to enable supply chain managers in systematically innovating supply
chain processes by achieving process-technology fit. So far, no comparable methods
exist that are holistic regarding the social and technical perspective of process innova-

tion on the one hand and very specific and detailed on the other.

8.3 Limitations and future research

This thesis is built on established and carefully selected theories (i.e., TTF, STS, CT)
and deployed rigorous methods during its overall research approach (i.e., case study
research and content-coding, systematic literature review, quantitative clustering, design
science research). However, like every research, it is not without limitations. Therefore,
this section critically discusses the thesis regarding its content-related and methodology-

related limitations and proposes avenues for future research.



94

Content-related limitations of this dissertation comprise the general scope of the re-
search setting and the research concentration on pre-adoption as part of the adoption
process. The chosen topics of process innovation and technology pre-adoption are very
generic and broad. The thesis narrows the focus by placing itself at the interface of pro-
cess innovation, technology pre-adoption, fit literature, and supply chain management.
However, it still considers a holistic perspective, including various technologies and
processes. This broad perspective was chosen because the literature review found that
holistic approaches are missing in this specific intersection in research and practice.
However, pursuing such a broad perspective brings some limitations for the research
concerning its depth and accuracy while it enhances its applicability at the same time.
The thesis pursued to mitigate the issue of detailed analysis by focusing on specific as-
pects in each study, thus reaching a level of in-depth understanding for each chosen
topic. Nonetheless, this understanding is limited in depth compared to studies with a
higher focus regarding technologies and processes (e.g., research on pre-adoption of [oT
technologies in warehousing processes). For example, due to the higher-level holistic
focus, the thesis did not utilize process mapping to analyze empirical processes on a

detailed level.

Another content-related limitation arises from focusing on technology pre-adoption,
leaving adoption and post-adoption out of scope. As elaborated earlier in this thesis, the
focus on pre-adoption seems highly reasonable because it allows a deeper analysis of
the pre-adoption phase, which was found to have a very high impact on adoption success
compared to its deployed resources (Selensky and Hofmann, 2020a). On the other hand,
the pre-adoption, adoption, and post-adoption phases of technology initiatives are inter-
dependent, and these inter-dependencies need to be accounted for by research spanning
multiple phases. The inter-dependencies between the phases were shown during the
overarching research phase. Some of the social sub-system’s goals during pre-adoption
could only be measured during adoption or post-adoption. Although this dissertation
acknowledges these inter-dependencies, it cannot account for them in detail due to the

focus on pre-adoption.

Methodology-related limitations of this dissertation comprise the data used, the general
assumption on process-technology fit in the data, and the evaluation of the resulting
method. As elaborated in Section 6.1, the overall research approach of this thesis de-

ploys various empirically-based data sources during the individual studies. Each of these
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data sources has advantages and disadvantages to consider and aims to draw a compre-
hensive picture of technology-enabled process innovation in supply chains. Like most
qualitative case studies, Study A is limited by the number of cases observed. Especially
regarding the proposed interactions of influencing factors and response variables during
technology pre-adoption, the exhaustiveness and expressiveness of the findings are lim-
ited by the dataset’s size. Moreover, study B used indirect empirical data to derive the
characteristics and dimensions of innovation problems in supply chain processes. Alt-
hough the individual papers were filtered consequently during the systematic literature
review for relevance, quality, and empirical foundation, this can be seen as a limitation

of the data.

Lastly, study C uses secondary data during the clustering and derivation of innovation
archetypes. This dataset also poses a limitation of the methodology, as most studies re-
lying on secondary data and deploying quantitative analysis have. The dataset used was
assembled using rigorous guidelines and selection procedures. However, there is still
some risk regarding biases when categorizing qualitative data. Also, the deployed da-
taset has to be evaluated regarding representativeness, balance, and size. Although the
data was found suitable to answer the given research questions, the limited number of
cases and the dominance of some characteristics in the dataset pose methodological lim-

itations to the findings.

Lastly, the assumptions regarding the data for elaborating the process-technology fit
model pose a methodological limitation of the thesis. Study C assumed that empirical
use-cases collected in the database provide positive examples of a fit between innovation
problem and technology characteristics. This assumption causes limitations of the re-
search for two reasons. First, the dataset was created on secondary data, and thus the
cases could not be analyzed and assessed as detailed as with primary empirical observa-
tions. Thus, there is some risk that the case’s source portrayed the use-case and the out-
come incorrectly. However, study C applied a rigorous and clearly defined data sam-

pling process regarding the sources and use-cases to mitigate this risk.

Second, the assessment of use-cases regarding their performance impact and thus re-
garding their fit was done binary. As mentioned above, the secondary data did not pro-
vide enough detailed information to measure fit on a fine-grained scale. Therefore, this

simplified measurement of fit in the empirical cases limits the research’s findings.
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Despite these limitations, the research pioneered analyzing and formally describing the

inter-relationships between innovation problems and technological characteristics in

supply chain processes. Future research should take up the path and enhance this re-

search by deploying more extensive and more accurate datasets and more precise fit

measures. More specifically, the following avenues for future research on technology-

enabled process innovation and process-technology fit were identified:

Qualitative evaluation of the relationship between innovation problem and tech-
nology characteristics: In-depth case studies and expert interviews should be
conducted to examine each of the resulting archetypes of innovation problems

and their related technological characteristics in detail.

Large-scale dataset to replicate the innovation problem clustering and deriva-
tion of the process-technology fit inter-relationships: Future research should con-
sider the limitations raised above by replicating the quantitative approach of
study C deploying a larger dataset. Moreover, use-cases in the dataset could be
enhanced and verified by additional primary or secondary data to improve the

reliability of the findings.

Supplementary empirical data on the relationships of influencing factors and re-
sponse variables during technology pre-adoption: Future research should deploy
more case studies to evaluate and adapt the proposed dimensions of influencing
factors and response variables. Moreover, future research should use additional
empirical data to complete propositions on the interactions between influencing
factors and responses. Finally, the existing propositions could also be tested in

future research.
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Appendix A — Study A

Towards a contingency theoretic perspective on technology pre-adoption in supply

chain management
Stefan Selensky

Institute of Supply Chain Management, University of St. Gallen

Purpose: Emerging technologies and the concept of Industry 4.0 are on the rise. Thus,
available solutions for SCM get more complex and dynamic. Technology adoption is
crucial for organizations competitiveness, but resources are limited. Therefore, this pa-
per aims to gain insights into the successful management of technology pre-adoption in
SCM.

Design/methodology/approach: In-depth polar case studies of technology pre-adop-
tion initiatives in various industries were collected using an interview-based approach.
Subsequently, the paper deploys transcript coding on the data to analyze information
within and across the cases. Lastly, utilizing contingency theory, supply chain-specific

influencing factors and corresponding management practices were identified.

Findings: The research reveals eight contingency dimensions and corresponding varia-
bles that influence the design of successful technology pre-adoption in SCM (e.g., com-
plexity and criticality). Moreover, ten response variables were identified, referring to
the pre-adoption process or organization. They systemize possible options when con-

ducting technology pre-adoption initiatives.

Originality: This research is among the first to provide in-depth insights into technol-
ogy pre-adoption from an organization’s perspective considering supply chain-specific
contingencies. Also, it introduces a new perspective on technology selection as a man-

agement process.

Research implications/limitations: The paper contributes to research by systemizing
potential influencing factors and responses of technology pre-adoption through an ex-
plorative, empirical study. The paper is limited by its qualitative approach and the num-

ber of case studies conducted.
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Practical implications: The results provide supply chain managers a guideline for an-
alyzing potential influences on the technology pre-adoption process and propositions

how to manage pre-adoption accordingly.

Keywords: technology selection, technology identification, supply chain technologies,

interaction form of fit, contingency theory



118

Introduction

Emerging technologies and the concept of Industry 4.0 are expected to change the way
supply chains operate fundamentally (Hofmann et al., 2019). In practice and research,
expectations on the benefits of these technologies could not be higher. Optimized plan-
ning and predicting events, decentralized data-based decision making, and autonomous
transport are only a few examples of new tasks for technologies along the supply chain.
Expected benefits are improved flexibility, quick response to changes in the market, and
improved quality and productivity, among others (Hamzeh and Xu, 2019). As history
shows, technologies play a critical role in an organization’s competitive advantage, and
thus there is an urge, strategic or operational, for technology adoption in supply chain

management (SCM).

Although expectations in technology adoption are high, it is controversial if a higher
level of technology deployment always leads to a significant increase in productivity
(Autry et al., 2010). Technologies must fit the tasks they are implemented for, as Zigurs
and Buckland (1998) state. Moreover, Liu et al. (2016) identified that implementation
does not lead to the expected benefits if the technology is not accepted and utilized in

the organization.

Since technology projects consume high amounts of scarce resources, financially and
capability-wise, organizations cannot implement every emerging technology. Especially
since technology markets have become more broad and dynamic in recent years (Autry
et al., 2010). Therefore, identifying and selecting the right technologies for the organi-
zation’s problems becomes crucial for SCM and value creation to exploit technological

possibilities and stay competitive.

Many examples of information technology projects that have wasted organizations’ re-
sources or even endangered their business operations undermine the relevance of tech-
nology pre-adoption (Closs et al., 1997b). A recent example is the Adidas Speed factory
project, where a high technology site was built in Atlanta, USA. However, after four
years, the project was canceled due to organizational problems, leaving a significant gap
in Adidas’ balance sheet (Pankow, 2019).

Research on technology pre-adoption has a rich tradition in conceptual, design-driven
methodologies. Following the best-practice paradigm, models and methods for success-

ful technology selection are built and proposed for specific environments or
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technologies. However, they strongly focus on characteristics of technologies and deci-
sion-making and leave the view on technology pre-adoption as a management process
widely unnoticed. We argue that technology pre-adoption, especially in SCM, is a highly
dynamic and diverse process and thus hard to model rigidly. Moreover, every decision
differs and must be handled with a suitable practice. For example, the scope of the prob-
lem or the decision’s impact can vary highly, making different approaches to pre-adop-
tion necessary. This paper addresses this research gap by viewing the pre-adoption of
technologies in SCM as a diverse management process, influenced by many different
factors, and calls for individual design depending on specific problems. This research

gap is addressed by the following research questions (RQ):
RQ1: What contingency factors influence the pre-adoption of technologies in SCM?

RQ2: How must the pre-adoption of technologies in SCM be designed to maximize re-
sulting benefits?

In order to answer these questions, contingency theory (CT) is utilized to reflect the
perspective of adaptive pre-adoption design under changing circumstances. The struc-
ture of the paper is as follows. First, the existing research on the topic and related fields
1s reviewed critically. Subsequently, the research methodology is described in detail.
Then, the findings are described by proposing answers to the research questions above.
Finally, the paper concludes with a discussion of the findings, including limitations and

further research ideas.
Literature review

This section provides a literature review on research related to technology pre-adoption
in SCM. First, it defines supply chain technologies (SCT) for this paper to differentiate
the topic from related research fields such as product or production technology research.
Secondly, an overview of previous research on technology pre-adoption is given, result-
ing in research gaps addressed by the paper with the research questions defined above.
Lastly, contingency research and its application in SCM, operations, and innovation
management research are analyzed. Based on this body of literature, the methods section

elaborates a basic framework for CT research on SCT pre-adoption.
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Supply chain technologies

Today, there are few terms used as often as technology, whether in research, practice, or
daily life. Moreover, there are often very different things associated with the term. Thus,
this paper elaborates a short definition and conceptualization by decomposing the con-

cepts of technology and supply chain management.

In a broad sense, technologies can be defined as the “practical application of knowledge
especially in a particular area” or as a “manner of accomplishing a task using technical
processes, methods or knowledge” (per Merriam-Webster dictionary, 2020). This ge-
neric definition can be specified for SCM by seeing the particular area as supply chain
management and interpreting the mentioned tasks as supply chain tasks or processes.
Consequently, a proper definition of SCM 1is needed in the context of this paper. In their
seminal work on the definition of SCM, Mentzer et al. (2001) screen extant literature
and distinguish three types of definitions: SCM as a management philosophy, SCM as
the implementation of management philosophy, and SCM as a set of management pro-
cesses. Although all three are equally valuable, the process perspective fits best to define
SCT due to its operationalizability. An early definition of SCM from a process perspec-
tive is “the process of managing relationships, information, materials flows across en-
terprise borders [...] ” (Mentzer et al., 2001). A more detailed view of processes of SCM
is delivered by the SCOR-Model, which decomposes SCM into the main process build-
ing blocks plan, source, make, deliver, return, enable (EBig et al., 2013). For this re-
search paper, this process perspective is used to define SCM. Autry et al. (2010) define
SCT as “the tools and/or techniques that may be implemented in order to effectuate
integrated supply chain management within or across organizational boundaries.” The
paper at hand builds upon this definition by specifying integrated SCM as the processes
of managing relationships, information, and material flows according to Mentzer et al.
(2001) and using the SCOR-Model for further specifying these processes. Thus, SCT
can be defined as tools and techniques that may be implemented in order to effectuate
integrated management of relationships, information, and material flows along the sup-
ply chain across enterprise borders. More specifically, tools and techniques that support

plan-, make-, deliver-, return- and enable- processes.

The notion of the term fechnology can still differ regarding the abstraction level. While

in some papers, it is seen as a very abstract basic concept (e.g., Big Data Analytics), in
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other cases, it assumes concrete tools (e.g., ERP or EDI-Systems) or, in practice, even

specific solutions by a particular provider (e.g., SAP Ariba).
Technology pre-adoption in supply chain management

Zhu et al. (2006) distinguish three phases when modeling technology adoption as an
ideal-typical process: pre-adoption, adoption, and post-adoption. Similarly, Gregory
(1995) proposes a technology management framework from a company’s perspective
composed of five generic steps: identification, selection, acquisition, exploitation, and
technology protection. Technology identification and selection can be summarized in
the pre-adoption phase by integrating these two widely used frameworks. The paper
adopts this understanding of pre-adoption, including identification and selection, and
focuses on this phase because managerial problems refer to it especially (Scheiner et al.,
2015).

As discussed in the operations and supply chain literature, the problem of technology
pre-adoption can be described as identifying and selecting the most beneficial option
from a set of alternative technologies (Singh and Sushil, 1990). Moreover, due to the
critical importance of new technologies, their pre-adoption plays a crucial role in com-
panies’ and supply chains capabilities to compete (Hamzeh and Xu, 2019; Armayor ef

al., 2011a). Accordingly, there is a rich body of literature on the topic.

First of all, there are some literature reviews on technology pre-adoption. Raafat (2002)
provides a comprehensive bibliography on the justification of advanced manufacturing
systems, building on an earlier bibliography from Son (1992). Although they cover a
significant amount of relevant work on the topic, they do not discuss or reflect the con-
tent of the identified research. Moreover, published in 2002, they miss out on important
new pre-adoption and justification models regarding industry 4.0 technologies. A more
recent review of the literature was conducted by Hamzeh and Xu (2019). Focusing on
manufacturing, they review pre-adoption methods and applications in research from
1990 to 2017. Their findings show that selection criteria can be divided into tangible,
intangible, quantitative, and qualitative categories. Another classification of selection

criteria can be made by dividing economic, technical, environmental, and social criteria.

Regarding the main selection methods, Hamzeh and Xu (2019) identify analytical hier-
archy processes (AHP), data envelopment analysis (DEA), fuzzy logic, financial analy-

sis, mathematical programming, and hybrid methods as main categories in recent
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research. While they identify a notable growth in research on technology selection, es-
pecially in product design and production processes, they recognize that technology se-
lection in SCM is still emerging (Hamzeh and Xu, 2019). As the literature review shows,
most of the research on the topic originates in operations research. Many papers analyze
the selection of production technologies (e.g., Naik and Chakravarty, 1992; Almannai
et al., 2008), while there is an extensive research stream focusing on advanced manu-
facturing technologies and their selection for producing companies (e.g., Kuei ef al.,
1994; Thomassen et al., 2014). Although there are very relevant papers on SCT adoption
(e.g., Liu et al., 2016; Zhang and Dhaliwal, 2009; Autry et al., 2010), literature on the
selection of SCT specifically is still scarce. Relevant work in this area refers to specific
sub-questions or superordinate topics, including supply network design (e.g., Elhedhli
and Gzara, 2008). Another review of existing selection techniques for technologies, fo-
cusing on automation technology, was conducted by Alfnes ef al. (2016). The authors
compare relevant selection techniques by assessing the project phases they support and
using a defined set of evaluation criteria (e.g., ease of performance, covering of neces-
sary areas, type of approach). They suggest that the choice of the selection method
should depend on the type of acquisition process of the company, technology strategy,

competencies, and supplier relations (Alfnes et al., 2016).

Besides analyzing existing literature reviews, this paper conducts a semi-structured lit-
erature review to evaluate the state of research on technology pre-adoption in supply
chain management in more detail. Thereby, the databases Web of Science and Scopus
were searched for the keywords (technolog*) AND (select™) AND (supply chain). The
review was limited to papers published in 2011 or later because the reviewed work
should address modern technologies considering the possibilities associated with Indus-
try 4.0. Moreover, only peer-reviewed research was taken into scope. For each of the

99 ¢¢

search strings, relevant synonyms (e.g., “evaluation,” “assessment”) were also searched
and tested so that the final search strings were elaborated iteratively. The most relevant
and most cited papers were retrieved from each database for a detailed review. For the
most relevant papers, a backward search was conducted. Finally, twelve papers on tech-
nology pre-adoption considering supply chain management aspects were considered
substantial such as the three literature reviews on the topic mentioned earlier. Inclusion
criteria for relevant papers were that the pre-adoption of technologies must be the focus

of the study and that the type of technologies in focus must comply with the definition
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of SCT given above. For the analysis of the retrieved papers, they were categorized by

their theoretical contribution and their research methods deployed, and their primary

domain focus (Table 1).

A-Table 1: Relevant research related to technology pre-adoption in SCM

Author (Year)

Research method

Theoretical contribution

Domain/technology focus

Essakly et al.
(2019)

Conceptual (demonstration by

case study)

Framework of performance met-

rics

Industry 4.0 solutions in SME

Thomassen et al.
(2014)

Empirical (based on literature

review and action research)

Strategic approach for decision

support

Automation technology

ample)

Farooq and | Conceptual Structured analytical approach | Intra-organizational perspective
O’Brien (2012) (i.e., framework with six steps)

Collins and Wil- | Conceptual Three-stage  selection  tool | Tested in product development /
liams (2014) (framework and process) smart materials

Farooq and | Empirical (based on action re- | Technology selection frame- | Manufacturing

O’Brien (2015) | search) work

Chuu (2014) Conceptual (illustration by ex- | Technology evaluation process | RFID technology

Hassan et al.
(2015)

Empirical (based on literature

review and Delphi study)

- Influencing factors and sub-
groups on the selection of auto-
ID technology
- multi-stage selection frame-

work

Auto-identification in ware-

house management

Biiyiikozkan et
al. (2012)

Conceptual (illustration by case
study)

Evaluation criteria and decision-
making methodology (Two-
stage, AHP & TOPSIS)

Mobile logistics tools

(2011)

on fuzzy logic)

Xia et al. (2017) | Conceptual Modified strategic balanced | Features of sustainability of
scorecard technologies in SC

Khatri and Sri- | Conceptual Multi-criteria  decision-making | Sustainable supply chains

vastava (2016) model (AHP)

Armayor et al. | Conceptual Decision support model (based | Information systems integration

in supply chains (i.e., technolo-
gies for integrating other infor-

mation systems)

Ribeiro et al.

(2016)

Conceptual (demonstration by

case study)

Multi-dimensional  evaluation

approach

Sustainable manufacturing tech-

nologies

The analysis of the selected papers shows that most of the previous work on technology

pre-adoption with consideration for SCM has a conceptual nature. While some papers
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are solely relying on literature for modeling a new selection approach, tool, or frame-
work (Farooq and O'Brien, 2012; Collins and Williams, 2014; Xia et al., 2017; Khatri
and Srivastava, 2016; Armayor et al., 2011a), others illustrate a developed selection
model or process by application on a case study (Essakly et al., 2019; Biiyiikozkan et
al., 2012; Ribeiro et al., 2016). Only a small proportion of the identified papers is em-
pirical. Thomassen et al. (2014) propose an approach for decision support to select au-
tomation technologies based on action research methodology. Also, Farooq and O'Brien
(2015) facilitate an empirical action research approach to develop a technology selection
framework from a supply chain perspective. Hassan ef al. (2015) provide an explorative
study, analyzing factors affecting selection decision of auto-identification technology in
warehouse management before contributing an own multi-stage selection framework. In
addition to their literature review, the authors conducted a delphi study to investigate

key decision-making factors and their importance.

Concluding the analysis of the current state of literature related to SCT selection, the

following gaps can be summarized:

e There is a rich body of research on technology pre-adoption in operations, espe-
cially in production technology and automation or specific technologies (e.g.,
auto-identification). However, research on SCT selection considering inter-or-
ganizational aspects from a holistic perspective (i.e., considering various SCT

and including selection process management) is still scarce.

e Regarding their contribution, extant research almost solely focuses on developing
new selection frameworks, decision models, or process approaches. Following
the best-practice paradigm, these approaches provide concrete solutions while
leaving little space for adjustment to company-specific conditions. Also, this
mainly design-driven research provides little insight into the primary constructs

of technology pre-adoption and successful selection practices in companies.

e Regarding the methods deployed, extant research on technology selection has a
strong history in being conceptual and design-driven, while empirical, qualita-

tive, and explorative research methods are very scarce in this domain.
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Contingency theory and innovation management

Contingency theory (CT) originates in explaining the structure of organizations under
particular circumstances. Based on this origin, CT was transferred to several research
disciplines to show dependencies on specific circumstances and how a case should be
managed (Gassmann et al., 2016a). Thus, CT also applies to decision-making, innova-
tion management, and technology pre-adoption. In this section, the main influencing
dependencies of innovation are elaborated, and a typical contingency framework and
contingency factors from the domain of operations management are identified from the

literature.

Tidd (2001) suggests that innovation management depends on the type and degree of
innovation. The innovation type differs in process and product or service innovation,
and the innovation degree reaches from incremental over radical to disruptive innova-
tions. For this paper, this classification will narrow down the object of interest by in-
cluding radical and disruptive innovations in the scope. They are specified further into
technologically enabled innovations applied in one of the main SCM processes, follow-
ing the SCT definition elaborated above. Product innovations are out of the scope of the
conducted research. Technology pre-adoption is an innovation process with specific
characteristics that make its management unique. Innovation processes can be charac-
terized by complexity, uncertainty, diversity, and interdependence. Moreover, an inno-
vations’ success depends on (1) the match between the people involved and their roles,
(2) the choice of the innovation process, and (3) the organization of the process itself
(Boer and During, 2001).

A typical contingency framework consists of three types of variables: (1) contingency
variables, (2) response variables, and (3) performance variables. While contingency var-
iables account for the situational characteristics, they are not or only hard to manipulate
by organizations. Response variables, in contrast, are the organization’s reactions to the
contextual variables. At last, performance variables are the dependent measures to eval-
uate the success of the response variables, thus measuring the fit between context and

response.

When conducting CT research, different forms of fit between context and response have
to be considered (Doty ef al., 1993). One prominent distinction was made by Drazin and

Van de Ven (1985), based on different configurations of the relationship between
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contextual, response, and performance variables: selection, interaction, and system ap-
proach. While the selection approach views fit as an underlying condition, it is not meas-
ured whether a particular configuration affects performance. The interaction approach
defines fit as the interaction of pairs of context-response variables, which affect perfor-
mance in a certain way. Thus, those approaches examine how single context variables
affect single response variables (Sousa and Voss, 2008). In contrast, the system ap-

proach addresses many contingencies and many responses to affect performance.

Contingency research has gained popularity in recent years, especially in operations
management. For a long time in research and practice, the search for best practices was
the dominant logic following the best practice paradigm (Voss, 1995). This paradigm
was supported by research showing the link between operational performance and the
adoption of best practices. Examples of these practices in operations are lean manufac-
turing or total quality management (Sousa and Voss, 2008). Nonetheless, there is much
discussion today about whether there is one best practice in operations management that

fits various situations of companies.

Furthermore, the best practice paradigm is undermined by the criticism, that the studies
supporting it firstly have a bias in case sampling, consisting of large, multinational high-
tech companies, and secondly that the survey-based method lacks in examining contex-
tual richness of the different cases (Sousa and Voss, 2008). Based on this criticism, many
researchers followed contingency-based approaches to examine operations-related man-
agement activities. Table 2 shows an overview of contingency factors and contextual
variables of previous research on operations management practices. For the paper at
hand, the notion of contingency factors and contextual variables of Sousa and Voss
(2008) is adopted, thus contingency factors being general groupings and contextual var-

iables being specific, measurable indicators inside those groupings.
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A-Table 2: Contingency factors and contextual variables in OM literature (adapted
from Sousa and Voss (2008))

Contingency factor Contextual variables

National context and | Strat. time orientation, parent country, country of location, Hofstede’s dimensions of national

culture culture, level of country development
Firm size No. of employees
Strategic context Product customization, production volume, rate of new product introduction, item variety, pro-

duction run sizes, type of production processes, level of international competition, scope of op-
erations, environmental uncertainty, firm orientation (customer vs. operations), situational un-
certainty, policy for satisfying customer demand, type of production process, logistical com-
plexity, product value, volume, complexity, degree of emphasis on complexity, platform strat-

cgy

Others Var. organizational variables, industry, nature of work and technology, values of participants,
specificity, technological complexity, essentiality, fragility, variability, unionization, plant age,

industry equipment

Methods

This paper applied a multiple interview-based case study approach given the scarceness
of in-depth research on the management of SCT pre-adoption and its diverse occurrence
in practice. Furthermore, this approach is in line with the recommendations made for
case study literature since the main research questions of this study ask what are the key
variables? and how SCT pre-adoption in companies must be designed to account for
those variables? (Meredith, 1998). Moreover, case study research enables the documen-
tation of managerial practices and understanding the nature and complexity of studied
phenomena and thus, increases the depth of research which is the goal of this study (Yin,
2018; Voss et al., 2002). Moreover, the chosen approach fits the explorative nature of
the study.

Within the case study-based approach, contingency theory was used as a theoretical ba-
sis for the investigation. More precisely, its constructs were deployed to classify the
resulting themes from the data into CT categories: contingency factors, selection prac-
tices, and performance measures. Thus, the study aims for abductive reasoning on the

inductive cases.
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The unit of observation and the unit of analysis was defined as follows for the case study
analysis. The overall proceedings of a specific organization’s SCT pre-adoption were
considered the unit of observation. These proceedings include (1) the project’s initial
situation containing the triggers for action, (2) the related activities that followed the
initial situation, and (3) observing and evaluating measures of the SCT after implemen-
tation to indicate performance impacts (e.g., effectiveness or acceptance). For this timely
restricted section, information regarding the organization itself, the supply chain setting,
and the environment were considered. The unit of analysis focuses on management prac-
tices during SCT pre-adoption. These practices include activities and decisions that are
influenceable by the organization. Thus, the unit of analysis is narrowed down to the
response variables compared to the unit of observation while implementing an SCT after

the selection is excluded from the analysis.
Sampling

Following case sampling guidelines provided by Eisenhardt (1989b) and considering

the research goals, a set of sampling criteria was created to guide data collection.

e C(riterion 1 - Variety in firm-specific factors: Selected cases should reflect a
broad spectrum of possible organization types. To ensure this variety, cases were

selected from organizations of different sizes, cultures, and industries.

e Criterion 2 - Interorganizational context: Since the study focuses on SCM tech-
nology selection, one important characteristic is the scope, which should go be-
yond one organization, adding more complexity and reflecting supply network
configurations. Thus, cases were only selected for the sample if two or more or-
ganizations were involved in the SCT project directly or at least affected indi-

rectly.

e Criterion 3 - Technological innovations: For cases to qualify for the sample, they
should deal with the selection of innovative technological solutions in SCM. The
technologies have to reflect the notion of the industry 4.0 concept, as they con-
tribute to “The vision of a highly integrated [supply chain], in which individual
goods are produced sustainably in a mass-production manner to fulfill customer
demands in a global competition” (Winkelhaus and Grosse, 2019a). Technolog-
ically the cases must address one of the core technologies, Internet of Things

(IoT), cyber-physical-systems (CPS), big data analytics, cloud computing, or
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mobile-based systems, which were found to be the main building-blocks of in-
dustry 4.0 in literature by Winkelhaus and Grosse (2019a). To focus this defini-
tion further, technologies sampled need to have a physical and a digital compo-
nent directly or at least have one of those components with an interface connect-

ing to the other.

e (riterion 4 - SCM Process innovations: Lastly, this study focuses on cases in
which SCM processes should be changed or optimized using technological tools.
Referring to the definition of SCT and process innovations given before, this
means that product innovations (e.g., improvements of product characteristics or
services) and production technology innovations (e.g., CNC milling) are ex-
cluded from the sampling scope since they do not effectuate integrated SCM di-
rectly.

Data collection

The heart of the collected data is semi-structured interviews, which were enriched with
other data sources such as informal follow-up interviews and archival data. The inter-
views were conducted in three different companies, examining five cases. The inform-
ants held positions in technological or SC-related fields and were experts in their field.
Also, in every case, the main responsible person conducting the SCT pre-adoption pro-

cess was included, but also other involved informants to avoid biases.

For data collection, the researchers developed a semi-structured interview instrument.
The researchers followed a data collection protocol for every case using this instrument.
One week before the interview, the informants were sent a short questionnaire asking
about some general information about each case. The interviews began with a short
presentation, including the definition of SCT and their roles in SCM. Subsequently,
milestones of technology adoption, according to Liu ef al. (2016), were shown, com-
prising the steps impulse, reaction, SCT selection, implementation, and usage. The re-
searchers highlighted the focus of the study as the SCT pre-adoption process by defining
the unit of analysis for the informants. Next, archetypes of technology projects were
presented to motivate the focus on SCT pre-adoption, and the goals of the research pro-
ject were made clear. Before starting the interactive part of the interview, the informants
were shown an overview of the different sections and interview questions on a high

level.
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The deployed interview instrument consisted of eight sections, covering the unit of ob-
servation from initial situation to usage and efficiency measures. The detailed questions
on the instrument were not shown to the informants. Instead, open questions were asked
for each section so that the informant could explain the proceedings freely. In addition,
the interviewers asked questions to guide the explanations if relevant information was
missing. The instrument contained 55 questions answered explicitly or implicitly (inter-
view instrument available upon request). The interviews lasted approximately two hours
per case. Parallel to the audio interview, the researchers visually elaborated the resulting

case on brown paper with the interview partners.
Data analysis

After the data collection described above was finalized, data were available as audio
records from the interviews, transcripts from interviews, visual documentation, personal
notes, questionnaire data from informants, and archival data on organizations and tech-
nologies. As suggested by Gioia et al. (2013), data coding was used to ensure rigor
during the analysis. The coding followed the four steps: (1) microanalysis of data, (2)
grouping into open codes, (3) consolidation of codes, and (4) searching for patterns.
During microanalysis, codes for occurring categories in each case are defined without
grouping them. The resulting number of categories can be high but gives a very accurate
representation of the information given. In the second step, the data set of first-order
codes is searched for similarities and differences among the many categories, resulting

in a set of more abstract second-order themes (Gioia et al., 2013).
Results

The results section is structured as follows. First, it presents the findings exploring spe-
cific contingency factors and contextual variables. Thereby, the results of the data anal-
ysis explained in the method section can be summarized in coding trees. Second, the
resulting coding tree explains the response variables’ findings. These groupings offer a
structure to SCT pre-adoption’s problem and solution space and thus answer RQI.
Lastly, propositions are drawn from combinations of contingencies and responses, with

either positive or negative influence on performance, proposing answers to RQ2.
Contingency variables

Following the first stated research question from the introduction, the researchers ana-

lyzed the cases to seek and structure influencing factors on SCT pre-adoption. For every
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case, information about what has influenced activities performed and decisions made
during SCT selection was coded according to Gioia et al. (2013). First-order themes
were abstracted to second-order themes and then grouped into higher dimensions before
being allocated to the overarching groups of CT. An overview of the resulting structure,
including eight dimensions of contingency variables on SCT pre-adoption, is displayed
in figures 1 to 3. The first-order themes influencing SCT pre-adoption in the observed
cases were summarized and generalized into second-order themes shown on the left side
of the figures and lastly aggregated into eight dimensions of contingency factors of SCT
pre-adoption. In the following, the resulting firm-specific, network-specific, and envi-

ronmental contingency factors will be explained.

Second order themes Aggregate dimensions Contingency dimensions

Invest

Relevance for main business

. Criticality
activity

Financing

Internal vs. external trigger

Operational vs. strategic
trigger

Project trigger Firm-specific factors

Abstraction level

Competencies and motivation

Culture Employees

Firm size

Affected departments (intra-
firm)

Internal Complexity

A-Figure 1: Firm-specific contingency factors of SCT pre-adoption

Firm-specific, endogenous factors are often the central part of contingency-based re-
search (Kajiiter and Kulmala, 2005). Especially for SCT pre-adoption, a subset of firm-
specific influencing contingency factors could be identified: criticality, project trigger,

employees, and complexity. The criticality of a technology-related initiative or problem
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was identified as an essential factor, as the case studies showed that for highly critical
SCT initiatives, a very different approach in activities and organization proved success-
ful. This difference especially relates to pre-adoption effort and project size. From the
cases, three contextual variables as measures for criticality could be identified. The in-
vestment and the source of the investment pose financial measures, whereas the initia-
tive’s relevance for the firm’s primary business activity relates to a rather strategic form

of criticality.

The aggregated dimension of the project trigger explains how an organization takes
notice of a need for action and in what form it encounters the problem, thus relating to
the identification as part of technology pre-adoption. The data showed that identification
processes and organization varied a lot, depending on the abstraction level of the prob-
lem. For example, the pre-adoption approach will differ if there is only a very abstract
notion compared to the existence of a very concrete idea for a project. Moreover, SCT
pre-adoption varies depending on whether a project is triggered externally or internally

and triggered operationally or strategically.

The employee dimension aggregates human factors of firm-specific situations. As the
data showed, successful pre-adoption depends on who is involved and how they usually
approach problems. The data revealed employee competencies and motivation, culture,

and firm size as important contextual variables for this contingency factor.

Finally, complexity plays a critical role in approaching SCT pre-adoption. Complexity
can be divided into a firm-specific complexity that accounts for internal organizational,
dependencies, and external complexity, accounting for other involved stakeholders and
the environment. As specific contextual variables for firm-specific complexity, intra-

firm affected departments and intra-firm geographical distribution were identified.

Second order themes Aggregate dimensions Contingency dimensions

Geographical specifications
and distribution

External Complexity

Affected departments

(external) Network-specific

factors

Strategic cooperation > Strategy

A-Figure 2: Network-specific contingency factors of SCT pre-adoption
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Network-specific factors describe all influencing factors, which are neither firm-spe-
cific nor environmental. Especially in SCM, this differentiation accounts for specific
situations in supplier-buyer-relationships, such as differences in size and trust among
network partners (Kajiiter and Kulmala, 2005). The case analysis revealed that the net-
work-specific situation plays a crucial role also for SCT pre-adoption, as projects are
inter-organizational and network partners have to be involved in the process to a certain
degree. This involvement can vary from intensive collaboration to information sharing.
The amount and type of interaction with external departments in the network were ag-
gregated to the complexity dimension. In addition, a strategic dimension was identified
accounting for long-time strategic cooperation among network partners influencing SCT

selection.

Second order themes Aggregate dimensions Contingency dimensions

Cost structure of tech.
Technology market
. . characteristics
Availability and diversity of

solutions, vendors, partners

Environmental
factors

Process instructions

Documentation requirements Industry regulations

Solution restrictions

A-Figure 3: Environmental contingency factors of SCT pre-adoption

Lastly, environmental factors play an essential role in SCT selection. The study showed
that selection approaches and their success vary depending on characteristics of the tech-
nology market and industry regulations. As fechnology markets can be highly different
regarding the problem and technology maturity, approaches for finding appropriate so-
lutions also differ. Moreover, the cost structure of the technology market influences SCT
pre-adoption, making either trial-and-error approaches suitable or calling for detailed
and cost-intensive ex-ante analysis. Finally, as suspected, regulations have a highly re-
strictive impact on the pre-adoption processes. These restrictions materialize by exclud-
ing specific solutions a priori or prescribing certain process models and documentation

guidelines.
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Response variables

Response variables describe possible actions an organization or decision-makers can
take to manage a situation. It is the sum of all factors an organization can influence
(Sousa and Voss, 2008). When analyzing the cases, these possibilities to manage a given
situation defined by the contingency factors and corresponding contextual variables
were examined. Similar to the contingency factors, a coding tree illustrating and sys-
temizing the response variables is presented in figure 4. The data analysis derived pos-
sible influenceable responses regarding SCT pre-adoption and divided them into pre-
adoption process and organization. These two dimensions span the solution space of

SCT pre-adoption.

Second order themes Aggregate dimensions

Mechanisms for prioritization /

triggering projects
Selection tasks / goals
Selection process
Change activities
Tools and methods

Decision making
Team and Roles

Project size

Selection

Partners .
organization

Philosophy

Time management

A-Figure 4: Response variables of SCT pre-adoption

The selection process refers to all activities performed, including methods and tools.
Five second-order themes of the selection process could be identified as sub-groups
from the first-order themes. The mechanism for triggering projects is timely located
before the SCT pre-adoption phase and is an essential part of the identification phase.

The cases showed that these mechanisms are crucial for later pre-adoption activities and
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thus included. Other essential factors are the task fulfilled during pre-adoption, change

activities, tools and methods used, and decision making.

In contrast to the process, the pre-adoption organization refers to how the SCT pre-
adoption is set up regarding organizational topics like staffing, budget, and overall ap-
proach. More precisely, the research identified five second-order themes as sub-groups
from the coded data. Team composition and role distribution are big levers to pre-adop-
tion success. Another vital decision is the project size, defining the time period, budget
size, and overall resource allocation. Additionally, decisions on partners during pre-
adoption and the overall approach (e.g., differentiating between agile or waterfall phi-
losophy) are essential to consider setting up the pre-adoption organization. Lastly, the
time management theme describes the alignment of several activities in context and their

management, for example, parallelizing different activities where possible.
Propositions for successful SCT per-adoption

The first part of the results section presented a systematization of influencing factors
and a solution space for potential managerial responses for SCT pre-adoption. Subse-
quently, this second part identifies concrete propositions for the design of SCT pre-
adoption based on the collected data. Consistent with CT research, these propositions
are designed as if-then explanations to guide management under specific circumstances
(Willner et al., 2016). The formulation of the proposition is coherent with the interaction
form of fit elaborated in the literature review on CT research. The interaction form of fit

identifies pairs of influencing variables and responses that impact performance.

First, the identified contingencies and responses were allocated in a matrix to elaborate
these propositions. Then, the data was revised again, searching for each combination of
codes and analyzing the impact on performance. Thereby, the authors evaluated if a
specific if-then relationship poses a success or dis-success factor. The identified rela-
tionships are explained shortly by naming each affected response variable and the im-
plications certain contingencies have on it, accompanied by the affected performance
variables. It is noteworthy that the identified interactions are based solely on the data

from the cases, and due to their limited number, they do not claim exhaustiveness.

As elaborated earlier, the selection process consists of four dimensions: selection tasks,
change activities, tools and methods, and decision making. It was found that the tasks

conducted for SCT pre-adoption and the goals followed by them differ and are highly
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dependent on technology market characteristics and the competencies of a firm. For ex-
ample, access costs to technology as part of its technology market highly influence pre-
adoption tasks. If the costs are relatively low, administrative efforts like documentation
can be kept minimum. This way, resources can be focused on productive activities like

testing to reduce pre-adoption effort, as observed in Case 1.

On the other hand, long-term market research becomes critical during pre-adoption if
the technology market is complex, dynamic, and not easily manageable (e.g., because
there are many small and unknown vendors instead). Under these circumstances, ad-hoc
research hinders selection speed and cannot ensure finding the best solutions, thus en-
dangering effectiveness, as Case 2 showed. Lastly, market analysis beyond the own in-
dustry poses a critical activity. For example, if a specific technology is widely used in
other industries already, selection activities shift from unbiased solution search to trans-
ferability analysis, thus improving pre-adoption speed, acceptance, and effectiveness of

the solution (Case 3).

Employee training poses an important response variable when it comes to the relations
of selection tasks and competencies of the firm. If the necessary competencies for the
usage of the SCT do not exist, training should be defined and planned early during pre-
adoption. First, because necessary measures and expenses must influence the pre-adop-
tion process to ensure effectiveness, and second to ensure acceptance and utilization of

the SCT, as shown in Case 1.

Moreover, the data revealed that the complexity of a problem influences the change
activities during pre-adoption. For example, if there is a high number of internal or ex-
ternal stakeholders involved (i.e., high organizational complexity), early and individu-
ally targeted change activities are necessary to ensure acceptance and utilization by each
stakeholder group. Case 5 revealed this correlation, where change activities have proven
successful early in the pre-adoption process, using demos, user stories, and project

branding, among others.

The data also showed the criticality of the problem influencing tools and methods used
during SCT pre-adoption. If failure or wrong decisions would lead to far-reaching neg-
ative consequences, extensive testing activities are crucial for the pre-adoption process.

Testing thereby involves laboratory and real-environment experiments with real users,
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depending on SCT type. Thereby, organizations ensure effectiveness and acceptance of

the solutions, like cases 2 and 5 showed.

Regulations, technology market characteristics, and strategic aspects influence decision-
making during SCT pre-adoption. If regulations restrict possible solutions, decision-
making models need to be adapted accordingly. This refers to specific decision criteria,
for example. This adaption needs to be elaborated early during the process since it can
increase pre-adoption effort, as Case 4 revealed. If the technology market does not pro-
vide satisfactory offerings regarding amount or quality, decision-makers must adapt cri-
teria according to the circumstances. A mismatch between criteria and market situation
can result in selection delays or project terminations. Case 2 indicated that performing
make or buy analysis becomes highly important in this case and can highly impact the
pre-adoption process. Lastly, Case 5 showed that strategic interference in decision-mak-
ing negatively affects pre-adoption speed and effectiveness since it hinders unbiased

decisions, compromises prior work, and calls for reorganization.

The selection organization consists of teams and roles, project size, partners, and phi-
losophy. The data revealed that the complexity of a problem influences how a team for
SCT pre-adoption should be built up. If a problem affects many internal stakeholders
and departments with several interests in the topic, roles must be defined clearly, and
goals must have clear priorities, including documentation. Case 4 revealed that expected
effects and commitment are missed during late project stages if priorities are not com-

municated and documented.

If a problem is critical to the main business activity of the organization, the size of the
project regarding budget and time should be allocated adequately. By increasing the pre-
adoption effort, the risk of wrong decisions can be mitigated. Therefore, time and finan-
cial resources should be invested appropriately during early phases during pre-adoption
and focus on the assurance of effectiveness and acceptance. Firms must be aware of this
internal priority shift in the pre-adoption effort towards failure avoidance and be willing
to pay its price (Case 2). Regarding project size, the data showed that if a project is
embedded in an overarching organization-wide initiative, this usually leads to higher
priority and available budget. However, it can also lead to competition between projects

in a firm’s portfolio or cannibalization of projects (Case 4).
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Strategic partnerships play an essential role for firms in SCM. If strategic partnerships
exist with possible solution providers, those need to be considered early on during SCT
selection because late consideration can hinder selection speed and success due to ad
hoc decisions (Case 5). There are several philosophies on how an SCT pre-adoption is
set up. The case studies show that regulations, technology markets, and the firm culture
influence the choice of the underlying philosophy of the overall approach. If regulations
restrict possible procedural approaches, the overall philosophy should still be evaluated
and decided actively considering the other contingencies to ensure acceptance. Regula-
tions often refer to technical quality assurance, while acceptance and change fall behind.
Planned approaches and regulatory duties should be harmonized. Agile aspects should
be accounted for, also in very rigid regulatory processes, as it can lead to additional

effort during selection when changes occur, as Case 3 revealed.

If the price structure on the technology market allows for it, the benefits of an iterative
trial-and-error procedure can be taken advantage of so that SCT access becomes part of
the testing. Changing the solution later thereby holds minimal risk. This way, effective-
ness and acceptance can be ensured, and pre-adoption speed is improved due to fast
decision making. On the other hand, rigid planning is necessary if the market implies
high entry costs and financial obligations (e.g., long-term subscriptions) (Case 1, Case
2). Moreover, the organization’s culture and size influence the pre-adoption process
structure and rigidness. For example, suppose agile and alternative processes need to be
applied, although the firm’s culture does not provide it. In that case, these agile elements
should be integrated into the overarching process, thus building a hybrid philosophy

(e.g., waterfall regarding milestones, iterative between milestones) (Case 5).
Contributions and limitations

This research contributes to theoretic knowledge in three main ways. First, it takes a
management perspective on the process of technology pre-adoption and thereby answers
RQ1 and RQ2. It responds to RQ1 by identifying relevant contextual factors of technol-
ogy pre-adoption and structuring them based on empirical data. As a result, eight differ-
ent groups of influencing factors were identified and allocated to the three overarching
categories of firm-specific, network-specific, and environmental factors. These findings
contribute to theoretical knowledge in technology adoption by questioning the best-

practice paradigm and systemizing the problem-space of possible influencing factors.
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Second, this paper identifies and systemizes potential responses in managing technology
pre-adoption, thus offering a systematic solution space. This solution space includes ten
different themes of responses that are allocated to the two dimensions selection process
and selection organization. This system of response variables enhances current literature
by providing a holistic and contingent view on technology pre-adoption. Moreover, this

research is one of the few in the field to explore technology pre-adoption empirically.

Lastly, based on the identified influencing factors and responses in pre-adoption man-
agement, the polar-case setting allowed to analyze the data for configurations leading to
positive or negative outcomes. These configurations provide an answer for RQ2. The
interaction approach from contingency literature fit was used to identify these configu-
rations (Drazin and Van de Ven, 1985). Thus, concrete propositions for successful tech-
nology pre-adoption under certain influencing factors are contributed to the existing

knowledge.

Besides the theoretical contributions, this paper also contributes to practice. The re-
search deploys a management perspective on technology pre-adoption in supply chains.
Thereby, it provides supply chain managers with a useful guideline on which factors to
analyze and consider by elaborating and systemizing relevant influencing factors and
response variables of technology pre-adoption. Additionally, findings provide actiona-
ble propositions for specific configurations of influencing factors and responses that
have proven successful. Practitioners can use these as a guideline when preparing pre-

adoption initiatives.

As most research, the conducted research has some limitations and thus holds potential
for further investigations. The resulting contingency and response variables offer a
framework to allocate a firm’s situation and navigate and decide on possible options. As
with most qualitative research, case study research is limited by the number of cases
observed. Thus, further research should evaluate and enlarge the proposed dimensions.
This proposition for future research especially applies to the propositions for specific
interactions made. These provide tendencies, but the small data set limits their exhaust-

iveness and expressiveness.

Moreover, following the suggested sampling criteria, further research should enrich the
matrix of interactions with data from other cases. For example, action research-based

cases where the researchers influence the progression and have the opportunity to test
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specific hypotheses could enlarege the data set. Lastly, the interaction form of fit was
used to elaborate the propositions on SCT pre-adoption in this paper. Since many re-
searchers in the CT field argue that an accurate understanding of context-response rela-
tionships calls for the system approach, further research could deploy this approach with

a more extensive data set.
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Appendix B — Study B

The Anatomy of Innovation Problems — Towards a Taxonomy for Supply Chain

Processes
Stefan Selensky and Erik Hofmann

Institute of Supply Chain Management, University of St. Gallen

Purpose: Supply chain managers face constant pressure to innovate their processes to
stay competitive in volatile and uncertain business environments. Technologies are of-
ten in focus to solve these issues. To theorize the interplay of processes and technolo-
gies, a proper understanding and conceptualization of the underlying innovation prob-

lems in supply chain processes are necessary.

Design/methodology/approach: We follow a rigorous taxonomy development frame-
work outlined by Nickerson ef al. (2013). It is divided into four phases: systematic lit-
erature review, iterative taxonomy development, taxonomy evaluation using expert in-

terviews, taxonomy application.

Findings: Our resulting taxonomy allows supply chain managers and researchers to
classify innovation problems in supply chain processes based on three major categories
(i.e., process specifications, context specifications, innovation specifications), seven di-

mensions, and 26 characteristics.

Originality: While existing research focuses on technologies and their application in
supply chains, this research focuses on innovation problems. Thereby, this paper is
among the first to conceptualize innovation problems holistically. As a result, it lays the
foundation for theorizing the fit between technology deployment and innovation prob-

lems to improve technology adoption decisions ultimately.

Research implications: The resulting taxonomy contributes to task-technology fit the-
ory as it operationalizes its problem space. Also, it enhances research by integrating
existing knowledge and providing a novel, fine-grained classification of innovation
problems. Thus, the taxonomy allows for differentiation between various types of inno-
vation problems in future research, as researchers can define and classify their units of

analysis more precisely.
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Practical implications: The research provides a shared understanding and awareness
for innovation problems in practice while existing approaches often focus on solutions
or technologies. Also, the taxonomy can be used as a practical tool for decomposing and

classifying real-world cases for further analysis and solution search.

Keywords: innovation problem, technology, process innovation, taxonomy, systematic

literature review, Industry 4.0, Task-technology fit theory
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Introduction

The environments of supply chains are more volatile, uncertain, complex, and ambigu-
ous (VUCA) than ever. To face the challenges of this new “VUCA”-world, supply chain
managers need to improve agility, resilience, and risk management of their supply
chains while maintaining a high level of cost efficiency (Bennett and Lemoine, 2014;
Dohale et al., 2021; Fischer-Pressler ef al., 2020). In addition, increasing expectations
regarding service, individuality, customization, granularization of orders, and delivery
concepts amplify competition between companies and whole supply chains (Marinagi
et al., 2014). Thus, supply chain managers face significant pressure to constantly im-
prove their processes using emerging technological advances, often summarized as In-
dustry 4.0 (Kamble et al., 2018; Alicke et al., 2016).

However, organizations struggle to harness the potential of emerging technology to in-
novate their supply chain processes (Geissbauer ef al., 2020). One reason for this poses
the complexity of supply chain processes themselves regarding their management and
innovation. They reach beyond company borders and thus are characterized by many
different stakeholders with different interests. They also simultaneously involve multi-
ple supply chain flows such as information, material, and financial flows, which must
be accounted for during process innovation (Vom Brocke and Rosemann, 2014). Thus,
supply chain managers already face problems when correctly grasping the issue at hand,

even before thinking about suitable solutions.

Additionally, the complexity of technology, dynamic changes of technology markets,
and uncertainty about functionality and interoperability of systems lead to uncertainty
among decision-makers to identify and select fitting solutions for their supply chain
processes (Autry ef al., 2010; Winkelhaus and Grosse, 2019b). Supply chain managers
lack systematic and theory-driven approaches to analyze their processes, define the in-
novation problem at hand, and facilitate Industry 4.0 technologies for innovation (Closs
et al., 1997a; Essakly et al., 2019; Hamzeh and Xu, 2019).

In recent years, much research investigated the interplay of supply chain processes and
emerging technologies from different perspectives. Many studies focus on explaining
and predicting the contributions of supply chain innovation, undermining its importance
for competitiveness and performance (e.g., Narasimhan and Narayanan, 2013; Chiou et

al., 2011; Falcone et al, 2019). Although existing research provides insights on
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challenges regarding the adoption of Industry 4.0 technologies (e.g., Ghadge et al.,
2020), they rarely provide theoretical contributions regarding process innovation design
and implementation (Wong and Ngai, 2019). In this context, researchers call for the
classification and operationalization of the construct of process innovation in supply
chains (Wong and Ngai, 2019; Arlbjern et al., 2011), for theory-driven approaches to
understanding emerging technologies in SCM, and for theories that explain how man-

agers can approach the potential of particular technologies (Bourlakis et al., 2020).

We identified the literature on fit to have great potential to address these needs and im-
prove the quality of technology adoption decisions to innovate supply chain processes.
The concept of fit and related theories hold the potential of anticipating the performance
impacts of possible technology deployment. In this regard, especially the task-technol-
ogy fit theory (TTF), as suggested by Goodhue and Thompson (1995) in their article, is
highly valuable because it provides the primary constructs for theoretically analyzing
technology deployment and insights into the relationships between these constructs.
However, literature has not discussed TTF on tasks or processes that incorporate inte-

grated supply chain flows on the process level.

Although there is much interesting and valuable research on technology adoption in
supply chains, we theorize that successful technology adoption calls for problem-pull
instead of technology-push. Thus, in our view, research calls for a proper understanding
of the underlying problems in supply chain processes before they can be innovated en-

abled by technology. A supply chain-oriented TTF model can fill this gap.

To get one step closer to deriving a TTF model for supply chain processes, we suggest
that a detailed understanding of the problem space (i.e., the innovation problem to be
solved by technology) is necessary. Therefore, we propose developing a taxonomy that
supports supply chain managers and researchers in defining, comparing, evaluating, and
analyzing the underlying innovation problems of technology-enabled process innova-
tion. Furthermore, a novel classification using relevant characteristics of the innovation
problems will allow for theoretical understanding and classification and provide the first
step towards theorizing between innovation problems and technology deployment.

Hence, this paper focuses on the following research question:

RQ: What are the constituting dimensions and characteristics that define innovation

problems in supply chain processes?
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To achieve this goal, we develop a taxonomy of innovation problems in supply chain
processes for facilitating technological innovation. We follow a rigorous taxonomy de-
velopment framework outlined by Nickerson et al. (2013), divided into four phases.
First, we conduct a systematic literature review resulting in 127 recent and relevant,
empirically grounded publications on technological innovation in supply chains. Sec-
ond, we derive a taxonomy with seven dimensions and 26 characteristics, based on this
literature and informed by expert discussions. Third, we evaluate and refine our taxon-
omy in interviews with researchers and practitioners regarding content and structure.
Lastly, we apply the taxonomy to a real-world example to illustrate its usefulness and

applicability.

The remainder of this paper is structured as follows. The following section presents the
theoretical background on process innovation in supply chains and literature on task-
technology fit before the method is described in detail. Subsequently, the resulting tax-
onomy is explained, and its application is illustrated. Lastly, we discuss the results re-

garding their contributions and derive implications for future research.
Literature review
Process innovation in supply chains

Business processes produce a specific output of value to the customer (Cooper et al.,
1997). The activities or tasks performed in a process characterize units of work that take
different kinds of input and create an output of value. A process may be divided into
different sub-processes (Aguilar-Saven, 2004; Davenport, 1993; Rummler and Ramias,
2010a; Weske, 2007). Moreover, process innovation can be defined as “the implemen-
tation of new or improved techniques, methods, and procedures” (Wagner and Bode,
2014 p. 66). For this paper, we will focus on improving techniques, methods, or proce-
dures that originate in the deployment of modern technology, similar to Scannell et al.
(2000). In contrast to product, service, or business model innovation, process innovation
thus strongly emphasizes 7ow a company delivers value to its customers instead of what
kind of value (Boer and During, 2001).

Much discussion and research were undertaken about the interplay of process innovation
and technology deployment. Performing a traditional unchanged process with new tech-
nology will not necessarily lead to process innovation and thus also fail to lead to rele-

vant performance improvements. The critical discussion about IT usage in white-collar
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jobs in the USA in the nineties has shown this issue illustratively. For this reason, we
will view technology as an enabler of fundamental process changes and thus innovation,
as Davenport proposes in his early seminal work (Davenport, 1993). Hence, a process
innovation for this paper consists of a process change (i.e., re-design of the process),

which is enabled by technology.

Recent technological advances allow the integration of physical and digital supply
chains, often summarized as Industry 4.0. These advances pose radical new possibilities
to innovate processes (Hamzeh and Xu, 2019). The expected benefits of technology-
enabled process innovation in supply chains are manifold. Among others, cost- and rev-
enue-based improvements can be achieved, as new technologies support companies in
tackling challenges. These challenges include increasing customer expectations and in-
dividualization, sustainability requirements, and volatile and uncertain surroundings
(Bennett and Lemoine, 2014; Winkelhaus and Grosse, 2019b; Alicke et al., 2016). How-
ever, these technologies also pose problems for companies and decision-makers regard-
ing their selection and implementation into existing supply chain processes. Especially
knowledge during the pre-adoption phase and insights on how to analyze existing pro-
cesses to identify matching technological solutions is still scarce (Wang et al., 2019;
Wong and Ngai, 2019).

In the context of this study, we will define innovation problems as the companies’ recog-
nition of a need or opportunity to innovate. Thus, the innovation problem comprises
relevant information of the initial process, including its context and the desired out-
comes. Furthermore, it states the basis for the following problem-solving activities: idea

generation, information collection, analysis, and evaluation (Boer and During, 2001).

The relevance and the potential of process innovation in supply chains are widely
acknowledged in the literature. However, few studies investigate process innovation in
supply chains in-depth and explore its content and the conceptual foundations (Arlbjern
et al., 2011). Previous research mainly focuses on explaining and predicting the contri-
butions of supply chain innovation but rarely focuses on theoretical contributions to de-
sign and action (Wong and Ngai, 2019). Therefore, a coherent classification is necessary
to enhance conceptual understanding and operationalize supply chain process innova-

tion (Wong and Ngai, 2019; Arlbjern et al., 2011). We propose a taxonomy that
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facilitates systematic analysis of innovation problems in supply chain processes and thus

enables their innovation using Industry 4.0 technologies to address this issue.
Theoretical perspective on processes and technology deployment

The concept of fit is widely used in research to describe the inter-relationships of differ-
ent constructs and resulting outcomes (e.g., contingency theory, information processing
theory). Regarding the fit between technologies and the tasks they are used for, task-
technology fit theory (TTF) poses a structured model. It allows ex-ante and ex-post eval-

uation of technology deployment in a specific context.

In its original form, TTF formally describes the relationship between capabilities of in-
formation systems (IS), requirements of user tasks, and individual user performance. It
states that the higher the degree of fit between IS capabilities and task requirements, the
higher the performance impact of the system deployment (Goodhue and Thompson,
1995). Different variations of the TTF model exist, applying TTF to different contexts
or describing slightly altered relationships between the constructs. For example, soon
after its first publication Dishaw and Strong (1999) proposed integrating the TTF model
with the technology acceptance model (TAM), another highly used model in IS litera-
ture. Fuller and Dennis (2009) extend the findings on technology and team performance
by a time dimension, showing that a better fit regarding technology and task plays a
more significant role in short time frames. Over more extended periods, teams innovate
and adapt so that performance also increases for poorly fitted technologies. Applications
of TTF in research refer to different types of IS and industries. For example, Junglas et
al. (2008) apply TTF to mobile locatable information systems using a laboratory exper-
iment. Additional to traditional TTF models, they could show that differences between
under-, over-, and ideal fit had implications on task performance. Ratna et al. (2018)
deploy the TTF model to the context of hotel reservation information systems. They
examine the effect of task and technology characteristics on the compatibility of tech-
nology and task and the utilization of the information system. Fu et al. (2019) apply TTF
to enterprise social media usage in organizations based on different task environments.
Huscroft et al. (2013) are the only ones we identified applying the TTF model to logis-
tics or SCM processes. Their survey-based study examines how the deployment of fit-
ting information technology can support reverse logistics processes by using processing

effectiveness and cost-effectiveness as dependent variables to measure performance.
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To sum up, achievements in TTF research can be divided into the extension of the model
itself and the embedding in IS literature, and the application in different practical con-
texts. However, the model has not been applied to tasks or processes beyond the indi-
vidual level, especially not in a supply chain-oriented context. To fill this gap, we sug-
gest an adjusted TTF model based on Goodhue and Thompson (1995) but with specific

considerations for supply chain processes, as illustrated in B-Figure.

Supply chain N Technology
technologies characteristics
Solution space
_____________________________________________i _____________ Performance
impact
Problem space P
Innovation Characteristics of
problem in  innovation problem
supply chain N in supply chain
process process
Task-technology-fit theory
Research focus Subject to
of the paper future research

B-Figure 1: Adjusted TTF model for supply chain processes

The framework comprises four main elements: characteristics of supply chain innova-
tion problems, characteristics of supply chain technologies, fit, and the supply chain
performance impact. This study aims to contribute to theory and practice by providing
a detailed understanding of the problem space, i.e., the characteristics of the innovation
problem in supply chain processes. Many recent studies focus on emerging technologies
and where and how they can be applied in supply chains (Bourlakis et al., 2020). Alt-
hough the results of that research are interesting and valuable, we suggest that successful
technology adoption in supply chains calls for problem-pull instead of technology-push.
Thus, in our view, research calls for a proper understanding of the underlying problems

in supply chain processes before they can be innovated enabled by technology.
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However, to our knowledge, existing literature fails to provide a generally applicable
classification scheme for the in-depth analysis of supply chain innovation problems con-
sidering potential technology deployment. Instead, supply chain innovation or processes
are usually researched from a higher-level perspective, viewing process innovation as a
black-box construct. Furthermore, in existing studies, process innovation is represented
by specific measures indicating inter-relationships with other measures, but seldomly it
1s investigated in-depth. As a result, a problem-oriented classification of process inno-
vations in supply chains, independent of specific solutions and thus technologies, is still

missing.
Methods

The previous section illustrated the need to define and classify innovation problems in
supply chains, especially from a technology deployment-oriented perspective. To the
best of our knowledge, existing SCM and innovation management literature fall short in
this specific regard. Taxonomies have proven helpful for systematically classifying ob-
jects of interest in many research disciplines (Nickerson et al., 2013). Classifications, in
general, provide value to researchers and practitioners as they structure novel and com-
plex domains. They are instrumental in new and emerging research fields, such as de-
ploying emerging technology to innovate supply chain processes. Classifications make
different elements of a phenomenon visible and display their relationships transparently
and coherently and indicate their respective theoretical basis (Bailey, 1994). Hence, they
create value beyond prescribing phenomena. Classifications also serve as input for ad-
vancing theoretical knowledge, as in our case, to study the functions and mechanisms
of innovation problems in supply chain processes and their interplay with technology
(Doty and Glick, 1994). We follow a rigorous taxonomy development process in four

distinct phases as outlined in B-Table that we will explain in the following.
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Phase 1: Database crea- | Phase 2: Taxonomy de- | Phase 3: Taxonomy | Phase 4: Taxonomy ap-
tion using a systematic | velopment evaluation plication
literature review

Steps Identify relevant litera- | Define meta-characteris- | Evaluate taxonomy with | Apply the resulting tax-
ture as the basis for the | tic. experts based on defined | onomy to analyze a real-
taxonomy and collect it in fterate taxonomy devel- criteria. world case example of
a database. opment procedure until technology-enabled pro-
Definition of search | ending conditions are cess innovation in SCM.
strings and databases, | met.
screen and select relevant
papers, code and analyze
papers.

Meth- Systematic literature re- | Taxonomy development | Expert evaluation (Szo- | Taxonomy application.

ods view (SLR) approach by | following (Nickerson et | pinski et al. 2019)
vom Brocke et al. (2015). | al. 2013)

Qualitative coding.

Sources | Recent literature on tech- | Database with character- | Semi-structured  inter- | Resulting taxonomy of
nology-enabled innova- | istics and mechanisms of | views with domain and | process innovation in
tion in SCM. process innovations in | classification experts. SCM.

SCM. Case of technology-ena-

Expert workshops. bled process innovation.
Data gathered through
workshops.

Results | Database (i.e., Excel- | Taxonomy of process in- | Evaluated and revised | Insights on applicability
Spreadsheet) with 127 | novation in SCM. taxonomy of process in- | and usefulness of the de-
papers and according novation in SCM. veloped taxonomy.
characteristics and under-
lying mechanisms.

Phase 1: Database creation using a systematic literature review

The first step aims to identify relevant literature as the basis for the taxonomy and collect

it in a database. For this purpose, we conducted a systematic literature review (SLR)

following vom Brocke et al. (2015). SLRs can be defined by their scope regarding the

four dimensions of process, source, coverage, and techniques (vom Brocke et al., 2015).

To establish the basis for the taxonomy development and conceptualization, we used a

sequential process to search bibliographic databases and publications for relevant
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seminal works, using keyword search as a technique. We will explain each of the meth-

odological steps shortly to ensure transparency and reproducibility.
Search string

The search aimed to collect knowledge on technology-enabled process innovation in
supply chain processes, to derive distinctive characteristics from literature. Hence, the
search string was composed of three elements. The first accounts for the technological
component, the second for the supply chain-specific aspect, and the last ensured that

only empirically derived knowledge is considered:

("technolog™*" OR "industry 4.0" OR "IT" OR "information systems" OR "disruptive"
OR "transforma* "digit*") AND ("supply chain" OR "interorganizational" OR "inter-
organizational” OR "sourcing" OR "procurement” OR "purchasing” OR "logistic*" OR
"warehouse" OR "transport™" OR"cyber-physical” OR "ecosystem" OR "network” OR
"smart" OR "production" OR "manufacturing") AND ("empiric*")

Databases

We aimed to identify representative literature samples of different research perspectives
on technology-enabled supply chain innovation. Hence, we conducted a database search
including multiple journals and conference proceedings, which are relevant due to their
timeliness in this dynamic topic. The search comprised four databases: EBSCO, Emer-

ald Insight, ScienceDirect, and Web of Science.
Papers

The search resulted in 1’100 unique publications, which we screened using the title and
the abstract. Subsequently, we analyzed the resulting 127 papers in more detail. We
included only papers where technology deployment in an SCM context was the main
topic and where process innovation was focused. Finally, we applied a coding proce-
dure, extracting the literature’s defining characteristics and underlying mechanisms of

technology-enabled process innovation and underlying innovation problems.
Analysis of papers

We coded the papers from the SLR to highlight relevant information for this study.
Based on the codings, patterns and groups of codes were identified and summarized into
higher-level topics. Subsequently, resulting topics were evaluated for potential utiliza-

tion in the taxonomy as dimensions or characteristics.
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Phase 2: Taxonomy development

This study aims to develop a taxonomy of innovation problems in supply chain pro-
cesses to systematically represent existing knowledge and integrate findings on techno-
logical innovations into a holistic conceptual model. We follow Nickerson et al. (2013)
to develop the taxonomy because it provides a rigorous step-by-step approach widely
acknowledged, especially in IS literature. Furthermore, due to its structured process and
precise definition of ending conditions, the approach ensures the completeness of di-

mensions and characteristics of objects.

Firstly, we defined a meta-characteristic that reflects the overall purpose of the taxon-
omy. In general, we aim to theoretically investigate the role of technology deployment
in innovation problems in supply chain processes, especially from a perspective that
evaluates technology deployment ex-ante. Thus, the characteristics of innovation prob-
lems in supply chain processes under consideration of technology deployment are cho-
sen as meta-characteristic of the taxonomy. More precisely, this primarily refers to de-
veloping an artifact that enables supply chain managers to design, compare, evaluate,
and analyze innovation solutions and problems in supply chain processes by a novel
classification to facilitate support or fulfillment by technological systems. We seek to
theorize on distinctive technical and situational features of supply chain processes that

describe the business need and objective relevant to innovation.
As proposed by Nickerson et al. (2013), the following ending conditions were defined:
a) No new dimension or characteristic has been added in the last iteration.

b) Every dimension and every characteristic in its dimension are unique and do not

repeat.

c) Every known example of technology-enabled process innovation in supply

chains can be classified in the taxonomy.

The iterative taxonomy building process differentiates between empirical-to-conceptual
and conceptual-to-empirical approaches for defining dimensions and characteristics.
These approaches can be interchanged during the subsequent iterations. A conceptual-
to-empirical approach involves examining empirical cases regarding how they fit with
the initial conceptualization, while an empirical-to-conceptual approach involves start-

ing with empirical data clusters before conceptualizing the nature of each cluster
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(Nickerson ef al., 2013). It is worth mentioning that in our case, the empirical-to-con-

ceptual approach also involved conceptualizing the findings from the literature review,

as they pose empirically grounded examples found in the literature.

B-Figure 2 shows the development of the taxonomy over different iterations. Although

the number of dimensions was comparably low during the process, many iterations were

also necessary to define each dimension’s characteristics based on the literature. Expert

workshops additionally informed the taxonomy development process. For this, the doc-

umentation of six interactive workshops from September 2018 to August 2020 on the

characteristics of technologies and innovation with industry experts was evaluated in

retrospect. The group consisted of senior-level researchers and senior-level practitioners
from the SCM field.
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Phase 3: Taxonomy evaluation

The development process is stopped once the earlier defined ending conditions are met
(Nickerson et al., 2013). Subsequently, the quality of the resulting taxonomy needs to
be tested against five main criteria: conciseness, robustness, comprehensibility, extend-
ibility, and explanatory power (Nickerson et al., 2013). Accordingly, we followed the
evaluation suggestions of Szopinski et al. (2019) and conducted semi-structured inter-
views to ensure the taxonomy meets the relevant criteria. In total, we conducted five
interviews with either domain experts from the SCM field in practice, SCM in research,
or classification and taxonomy development in general. In each interview, 14 open ques-
tions addressing the five main evaluation criteria were asked. We sent the taxonomy to
the interviewees before the interviews that were conducted via online video conference.

The results of the evaluation were as follows:

e Explanatory value: This measure describes the ability of the taxonomy to explain
and illustrate the relationships between different elements and characteristics
transparently. Also, it refers to whether the taxonomy is understandable to users
(Nickerson et al., 2013). All experts think the taxonomy is understandable and
provides explanatory value. However, one expert mentioned that some of the di-
mensions are relatively high-level and thus not as easily understandable. All ex-
perts suggested small changes regarding naming specific dimensions (i.e., inno-
vation goal, object task, object type) and characteristics regarding the innovation

goal, which we followed.

e Conciseness: This measure describes the ability of the taxonomy to describe the
phenomenon sufficiently without overwhelming the user. Thus, it refers to the
number and meaningfulness of dimensions and characteristics (Bailey, 1994).
Overall, the interviewed experts did not perceive the taxonomy as overwhelming.
However, one interview partner suggested minor changes to increase the mean-

ingfulness of the “innovation specification” dimension, which we followed.

e Robustness: This measure describes how to differentiate sufficiently without
overlap between categories or classified elements (Bailey, 1994). Overall, the
experts think the taxonomy has a high discriminatory value to differentiate. One
expert suggested adding another dimension related to the hierarchy between sup-

ply chain partners to improve robustness, which we did. Another interviewed
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expert pointed out some overlaps regarding the topics of organizational scope

and organizational structure, which we fixed.

e Comprehensiveness: This measure refers to the coverage of objects of interest
and thus the completeness of the taxonomy (Bailey, 1994). Overall, the experts
perceived the taxonomy as complete, even after test-classifying current problems
from their daily work. We discussed the addition of a financial dimension with
one expert, which we discarded as it refers to the solution space rather than the

innovation problem in particular.

e Extendibility: This measure refers to whether the taxonomy is static and can be
adapted to changing environments and its ability to serve over extended periods
(Bailey, 1994). We explicitly designed the taxonomy to be independent of spe-
cific technological or supply chain-related trends. The expert interviews con-
firmed that we reached this goal. Nonetheless, the experts did not identify explicit
restrictions regarding the extendibility of the taxonomy if it should be necessary

for the future.
Phase 4: Taxonomy application

As the last step of the taxonomy development approach, we highlight the usefulness and
applicability of the resulting taxonomy. We do this by applying it to a real-world case
example. Although classifying a case based on secondary data would be feasible, we
chose an example from a project conducted in 2019 that we know in-depth. Information
about the case was gathered through four interactive workshops in which we analyzed
the given process in detail, identified problems and goals, and elaborated on possible
solutions. The documentary of these workshops provides an excellent opportunity to
apply and evaluate the designed taxonomy ex-post using a simplified version of the ac-

tual case.
Taxonomy of Innovation Problems in Supply Chain Processes

The following section presents the consolidated version of the taxonomy after conduct-
ing five iterations and revisions from the expert interviews. All design elements were
identified as suitable for conceptualizing innovation problems in supply chain processes
in the context of potential technology deployment. We derived and elaborated the design

elements from the reviewed literature and discussions with experts. Each dimension and
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its characteristics will be described in the following. The complete taxonomy is shown

in B-Figure 3.

Dimensions Characteristics
Object Physical Information Financial Legal
type
Process
specifications
0th T(Ct Creation Transition Storage Verification Modification
System
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Innovation Innovation Enable Automate Accelerate Improve Reduce
specifications goal process process process process process
P output input

B-Figure 3: Taxonomy of innovation problems in supply chain processes

Overall, the design elements can be divided into process specifications, context specifi-
cations, and innovation specifications. The process specifications refer to the process
itself and are characterized by the object type and the object task of the process. The
context specifications refer to the surrounding context in which the process is performed
and consist of the system complexity, organizational scope, hierarchy distribution, and
the number of involved structures. Lastly, the innovation specifications refer to the pro-

cess’s aspired change and are defined by the innovation goal.
Process specifications

The process specifications refer to the specific characteristics of a supply chain process,
describing how input is processed into an output to create value. We identified nine
generic characteristics to define the value creation of a process, divided into the two

dimensions of object type and object task.
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The object type dimension refers to what type of supply chain flow is affected by the
process. In line with seminal SCM literature and the reviewed papers, these can be di-
vided into physical objects, information, financial assets, and legal assets (Jespersen and
Skjott-Larsen, 2005; Bowersox et al., 1999; Mentzer et al., 2001). A supply chain pro-
cess may affect several objects simultaneously (e.g., physical transport and real-time
tracking of transport conditions), especially as emerging technology integrates supply
chain flows. However, a process can be broken down into lower-level activities or tasks
which can be assigned to a single object affected, and the combination of these allows

to model integrated supply chain processes.

e Physical objects refer to all kinds of tangible assets in the supply chain, especially
materials and products. For example, the reviewed papers’ innovations comprise
material flows enabled by robotics or cyber-physical systems (Winkelhaus and
Grosse, 2019b; Morenza-Cinos et al., 2019).

e [nformation refers to intangible assets in explicit or implicit forms like data or
knowledge. Examples in the reviewed papers revealed information flows enabled
by the internet of things (IoT) or storage of and access to information enabled by

cloud computing (Garrido-Hidalgo et al., 2019b; Barenji et al., 2019).

o Financial assets refer to non-material, monetary assets. They primarily include
cash or cash equivalents and deposits, interests, or other forms of financial assets.
Examples in the context of process innovation in supply chains include simple
money transfers like invoice payment or more complex processing of financial
contracts enabled by distributed ledger technology (DLT) (Roeck et al., 2020;
van Hoek, 2019a).

e Legal assets are not very common in SCM research until now. However, the ex-
pert discussions revealed that this aspect is essential, as it is often neglected. Ex-
amples of legal assets in a supply chain context are intellectual properties, spe-
cific rights or ownership, and usage rights of data. The latter is gaining relevance

due to the increasing importance and value of data.

The object task refers to sow the affected flow object type is manipulated to create an
output of value. We identified several functions and mechanisms in the literature and
grouped them into five generic characteristics that can apply to all object types and in-

clude all possible options of manipulation without overlap, which is an essential
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property of classifications (Bailey, 1994). Object tasks include the creation, transition,

storage, verification, and modification of flow objects.

Examples for the creation of objects are the production of physical assets or ser-
vices, such as using additive manufacturing technology (Chan et al., 2018; Delic
et al., 2019) or creating information in the form of data collection (Bienhaus and
Haddud, 2018). In addition, the creation of financial or legal assets is also possi-
ble, for instance, referring to novel assets like distributed ledger-based coin of-
ferings (Xu ef al., 2019).

Transition refers to the geographical and intra- or inter-organizational exchange
of flow objects. Physical transports, data exchange, financial transactions, and
the processing of contracts are typical examples for each object type (Tsolakis et
al.,2019; Meyer et al., 2014; Abeyratne and Monfared, 2016).

Storage describes the safekeeping of objects but also the process of providing
access to stored objects. Examples are physical warehousing, information storage
using cloud services or data lakes, and financial accounting (Talatappeh and
Lakzi, 2020; Roeck et al., 2019).

Verification refers to ensuring the quality, history, or identity of specific flow
objects. A typical example is the certification of the origin of materials, but this

also applies to the other flow object types (Helo and Shamsuzzoha, 2020).

Modification refers to making changes to the specific object by changing relevant
properties. Thus, it can imply physical processing using machinery or data pro-
cessing, for instance, using novel approaches like machine learning (Alsghaier et
al., 2017). Furthermore, regarding financial flows, it could be currency ex-
changes or changes in a contract regarding legal assets. We also include the elim-

ination of flow objects under modification.

Context specifications

The context dimensions account for the process’s setting and can be divided based on

the reviewed literature into the system complexity, organizational scope, hierarchy dis-

tribution, and the number of involved structures.

System complexity describes the uncertainty of the surroundings and the types of inputs

and outputs required to process (Wu et al., 2013). We differentiate the complexity of
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systems based on the degree of repetition, the degree of clearly defined rules, the degree

of structure regarding inputs, and the scope and predictability of possible events.

o (losed systems are systems with the lowest complexity. Requirements regarding
technological support are relatively low because the process is mainly repetitive
and follows clear rules with a structured input. Examples are administrative pro-
cesses in a clearly defined digital workflow without external influences or unex-
pected events (Bienhaus and Haddud, 2018).

e (Controlled systems require higher levels of intelligence to fulfill processes or
tasks because they are more complex and partly unstructured. However, there is
a clear scope of possible events. Examples of these types of systems are robots
working in a defined but partly open environment on the shop floor (Morenza-

Cinos et al., 2019).

e Open systems pose the highest challenge for process fulfillment. Inputs may be
unstructured and unforeseen events may occur, so that decision-making is neces-
sary. Examples regarding physical systems are deliveries over air or traffic. Re-
garding information, examples are decision-making based on unstructured data
(Handfield et al., 2019; Fernando et al., 2018).

Organizational scope refers to the supply chain setting the problem is embedded. The
organizational scope of an innovation problem is relevant as it strongly influences the
way technology must be deployed and as it influences which stakeholders must be man-
aged how. Based on different references from the reviewed literature, we define four
significant types that cover existing settings and have discriminatory value against each

other.

e Intra-organizational refers to supply chain processes where supply chain flows
do not go beyond the organization’s boundaries. Internal automation of produc-
tion or information analytics are typical examples on the intra-firm level (Lai et
al., 2018; Tu, 2018).

e Dyad describes the focal company’s perspective with supply chain flows reach-
ing tier-1 partners outside the organization. However, the specific company’s
goals are in focus under consideration of the supply chain partners’ interests.

Common examples of this organizational scope are product deliveries or
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information flows beyond organizations (Bienhaus and Haddud, 2018; Wamba,
2012).

Triad describes the focal company’s perspective considering supply chain flows
reaching tier-2 partners outside the organization. While the interests of the focal
company are in focus, this scope represents the complex interplay of, for exam-

ple, upstream-supplier, supplier, the customer.

Network describes the organizational setting from a neutral, supply chain-wide
perspective with consideration of the interest of the supply chain as a whole, con-
sisting of the interests of the different organizations included. Recent examples
on the network level comprise communication or data platforms along the supply

chain, often deploying blockchain technology (Yang, 2019; Vu et al., 2021).

The number of involved structures refers to the scale of the innovation problem. It is

interrelated to the before-mentioned dimension of organizational scope and describes

whether the problem lies in one specific structure or multiple ones. Thus, for example,

an innovation problem from the customer’s perspective could occur only for one specific

supplier (i.e., single dyad), or it could apply to all of its suppliers (i.e., multiple dyads).

The hierarchy distribution in the given organizational scope is another essential di-

mension of innovation problems in supply chain processes. One expert mentioned the

importance of this issue as it highly influences how the innovation problem can and

must be approached and which technological solutions might be suitable.

Advantage initiating organization describes the setting where the organization
driving the innovation has some power over the remaining supply chain partners.
Often this power advantage originates in the organization’s size, its relevance for
the whole supply chain, or financial dependencies (Reimann and Ketchen, 2017).
As aresult, the initiating organization can persuade other partners for its interests

with less resistance.

Non-existent describes the absence of any imbalance in hierarchy or power. All
involved supply chain partners are considered equal partners; decisions have to

be decided on in collaboration.

Disadvantage initiating organization describes the setting where the organization

driving the innovation is not in a position of power in the supply chain, but
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another involved organization is. As a result, initiatives cannot be forced upon
other supply chain partners, and convincing those partners with more power can

be challenging.
Innovation specifications

The earlier mentioned process dimensions describe what type of object is affected how
so that a specific value is created. As innovation is the focus of this study, it is crucial
to account for the innovation goal of a given process. As defined earlier, processes and
their activities create an output of value based on a given input. Thus, improvement
resulting from technological innovation can result either in a change in the input, a
change in the output, or a change in how the process is executed. Based on these con-
siderations and the reviewed literature, we defined five generic characteristics that de-
scribe how technology deployment can innovate supply chain processes: enable process,
accelerate process, automate process, improve process output, reduce process input. B-

Figure 4 illustrates the inter-relationships between the different innovation goals.

e FEnable process means that the technological innovation facilitates a process (i.e.,
a combination of flow object type and flow object task) that was not possible
before. For instance, this applies to the collection of new data types due to new

sensor technology (Winkelhaus and Grosse, 2019b).

e Accelerate process refers to the speed and timeliness of a process, e.g., data avail-
ability (van Hoek, 2019b).

e Automate process refers to the degree to which manual labor is necessary to per-
form a process or task, such as the physical handling effort or information ex-
change (Wamba, 2012; Hellstrom and Wiberg, 2010).

e [mprove process output refers to the result of the process regarding quality,
amount, or other relevant measures of value. Examples are data accuracy or the
financial outcome of specific processes (Brinch et al., 2018; Engelseth and
Wang, 2018).

e Reduce process input refers to the resources required to perform a particular pro-

cess, e.g., making it more efficient or sustainable (Yang, 2019).
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B-Figure 4: Overview and inter-relationships of process innovation goals

It is important to note that the innovation goals are company-specific and depend on the
individual initial situation. Thus, technology can enable a process for one company,
while the same technology poses the acceleration or automation of the same process for

another company.
Exemplary taxonomy application

After we described the resulting taxonomy and its dimensions and characteristics in de-
tail, we will illustrate its application using a real-world example. Generally, there are
two different ways of using the taxonomy in practice or research. Firstly, it can be used
to analyze existing processes and elaborate on possible ways to innovate them. This way
of the application represents the ex-ante application of the taxonomy, i.e., applying it
before an innovation has been implemented, which is a very relevant use-case from a
practical point of view, as it allows for a structured analysis of the innovation problem
at hand. Secondly, the taxonomy can be used to analyze existing process innovations in
supply chains ex-post, and thus specify and analyze the innovation problem and its cor-
responding solution after innovation has been implemented. This use case provides an
analytical tool for researchers and practitioners when examining the interplay of inno-
vation problems and successful solutions or technologies. In the following, we will show
a short example of the taxonomy’s ex-ante application for an actual process and explain

differences for the ex-post application.
Ex-ante application before process innovation

The case we will use to demonstrate the application of the resulting taxonomy stems

from a project conducted in the period from 2018 — 2020. It comprises the business
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process of pallet exchange between a major FMCG company, their customer (a promi-
nent local retailer), and a logistics service provider (LSP). From the perspective of the
FMCG company, the pallet management process was very inefficient and complex, in-
volving different supply chain flows (e.g., physical goods and pallets, pallet vouchers,
information), and many media interruptions throughout the process due to the usage of
different systems. Therefore, the goal was to innovate the process by simplifying and
automating it while also making it more secure for all the stakeholders. Security and
trustworthiness of information were important in this case, as the pallet balance has sig-

nificant financial implications for all stakeholders.

When analyzing the current process in more detail, several crucial sub-processes were
identified: physical handling of goods and pallets, information transmission (e.g., return
orders for pallet lots), and the verification and storage of information (e.g., the verifica-
tion of issued pallet vouchers or verification of the communicated pallet balance). B-
Figure 5 shows a simplified illustration of the pallet management process and relevant
sub-processes.

. Logistics service
Pallet return order provider

Physical return: Swap pallets in
exchange for pallet vouchers

Physical delivery of l

pallets or pallet vouchers

FMCG company /<« ¥ . Local retailer /

shipper * Information exchange about customer
pallets or pallet vouchers
* Verification of pallet balance

B-Figure 5: Case example of inter-organizational supply chain process (simplified il-

lustration)

For each identified sub-process, we can use the taxonomy to identify and classify the

underlying innovation problem.

For example, the information exchange about the pallet balance is classified as the “tran-
sition” of “information” (process dimension) in a “closed system” (i.e., e-mail messag-

ing system). The context can be defined as reaching beyond organizational boundaries
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in a “single dyad”, as the problem only occurs in this particular relationship. The initi-
ating company had a “disadvantage regarding the hierarchy distribution” in this setting,
although the FMCG company was a well-known brand (context specifications). Regard-
ing the innovation specification of this particular sub-process of information exchange,
“automation” is defined as the most relevant as the overarching goal of the project was

to simplify and reduce manual handling.

Another example is the crucial sub-process of verifying the pallet balance. The process
can be classified as object type “information” and object task “verification”. While the
context still can be specified as a “single dyad” with a “hierarchical disadvantage for the
initiating organization”, system complexity poses higher as verifying the pallet balance
involves accessing different data sources such as the latest updates of the balance phys-
ical pallet vouchers. Thus, the system complexity is classified as a “controlled system”.
As mentioned before, security and trust are one main goal for the process innovation, so
that the innovation specification can be classified as “improve process output”, i.e., the

quality of the verification or the reliability of the output.

Based on this analysis, options for innovating these sub-processes can be searched. For
example, the information exchange regarding the pallet balance could be automated by
sending daily automatic updates using the existing or new e-mail software. Another pos-
sibility to automate would be to share the current information about the pallet balance

on a cloud-based platform, where both parties can access it.
Ex-post application of already implemented process innovation

Similarly, as with the ex-ante application of the taxonomy, the taxonomy can be applied
to decompose and analyze already implemented process innovation. Ex-post application
is beneficial when analyzing best practices for research purposes or benchmarking in
practice. In contrast to ex-ante analysis, where no solution for the innovation problem is
known, all dimensions and characteristics, including fitting technological and structural
solutions, can be observed during the ex-post application. Thus, it can serve for finding
a solution based on existing best practices or identifying patterns between innovation

problems and solutions in research.
Contributions and limitations

From a theoretical perspective, our contribution is threefold. Firstly, and most im-

portantly, we contribute by providing a better understanding of the problem space of the
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task-technology fit-model with particular regard to SCM. Earlier in this paper, we for-
mulated the need to expand TTF beyond the individual level onto the process level and
apply it to a supply chain-specific context. We pave the way towards reaching this sup-
ply chain-oriented TTF model by allowing for specific and rigorous operationalization
and measurement of the problem space. Future research can use these to investigate
further the inter-relationship of this problem space with the solution space (i.e., the char-
acteristics of available supply chain technologies). Ultimately, this contributes to theo-
rizing the relationship between innovation problems in supply chain processes and tech-
nologies in a formal way to predict the outcomes of technology deployment and improve

technology adoption decisions.

Secondly, a contribution of the taxonomy lies in its scientific utility (Corley and Gioia,
2011). It allows researchers to clearly define and classify their unit of analysis when
researching the field. This way, the taxonomy enhances conceptual rigor in future re-
search by allowing researchers to specify their ideas more precisely. The proposed tax-
onomy enhances the potential to operationalize and test relevant constructs related to

innovation problems when analyzing process innovation in supply chains.

Thirdly, the paper provides a rigorous conceptualization of process innovation problems
in supply chains concerning technology deployment by integrating and structuring ex-
isting knowledge. To the best of our knowledge, this has not been done in this way so
far. The paper takes an in-depth perspective on supply chain processes and their inno-
vation problems, contrary to existing research, which views them as black-box con-
structs. Innovation problems in existing research are widely treated in a “one-size-fits-
all” manner. We theorize that the different specifications of innovation problems impact
their relationships, e.g., on the technologies that fit them and specific outcomes, meas-
urement, or how they should be researched in general. Thus, a more fine-grained classi-
fication of innovation problems as we propose it in our taxonomy provides a theoretical

contribution in this regard and paves the way for new research (Fawcett et al., 2014).

From a practical point of view, this study contributes to existing knowledge in two ways.
Firstly, it builds knowledge by providing a common understanding of the term process
innovation problem and thus makes the construct accessible to practice and supply chain

managers specifically. Also, the research puts the problem-aspect of innovating
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processes into the focus and gives it the necessary attention, as only if the problem is

understood correctly, a fitting technological solution can be found.

Secondly, building on the need for more detailed problem understanding, the taxonomy
serves as a practical tool that facilitates systematic definition, comparison, evaluation,
and analysis of process innovation problems. As shown in the short example in the tax-
onomy application section, the theoretical value of the taxonomy is directly applicable
to real-world problems, which is an essential aspect of theoretical contributions (Corley
and Gioia, 2011).

Our research has some limitations that provide avenues for future research. The dimen-
sions and characteristics of the taxonomy are derived based on scientific publications.
Although we focused on empirical studies and used expert workshops and interviews
for evaluation, future research should apply the taxonomy to a higher number of real-
world use-cases. This way, the applicability can be verified, and missing dimensions or
characteristics can be identified. Also, we designed the taxonomy to contribute to the
overall goal to enable the allocation of technologies to specific innovation problems
based on TTF. Future research should further develop the proposed supply chain-ori-
ented TTF model by operationalizing the solution space and matching technologies to

specific manifestations of innovation problems in the taxonomy.
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Appendix C — Study C

Towards a process-technology fit in supply chain management — a theory-driven

approach to understanding Industry 4.0
Stefan Selensky

Institute of Supply Chain Management, University of St. Gallen

Purpose: Supply chains are predicted to face severe disruptions due to the deployment
of Industry 4.0 technologies. However, a theoretical understanding of Industry 4.0 in
supply chain processes and sensemaking of their benefits is still widely missing in the
existing literature. Therefore, we utilize task-technology fit theory (TTF) to explain suc-

cessful technology deployment in specific supply chain innovation problems.

Design/methodology/approach: Informed by task-technology fit theory, we generate a
framework of process-technology fit in supply chains. Subsequently, we assemble a da-
taset of real-world use-cases containing successful technology-enabled process innova-
tion in supply chains. Finally, we use quantitative cluster analysis to derive and interpret

archetypical innovation problems and corresponding solutions.

Findings: Based on the conceptually derived framework, the quantitative analysis re-
sults in seven clusters of innovation problems, fitting technologies that have proven to
innovate them successfully, and indications about the general characteristics of these

technologies.

Research limitations/implications: We provide useful and empirically derived arche-
types of innovation problems in supply chain processes. This way, the paper supports
future research to analyze these different archetypical clusters in-depth. Moreover, to
the best of our knowledge, our findings are among the first to provide specific insights
on the inter-relationship of process characteristics and technology characteristics in sup-

ply chain processes.

Practical implications: The study reduces the complexity of Industry 4.0 applications
by breaking them down into seven manageable clusters. Practitioners can use the result-
ing clusters to classify their organization's problems, analyze similar problems, and find

fitting technological solutions based on our empirical insights.
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Original/value: This study is among the first to apply task-technology fit theory to a
supply chain context on a process level. Therefore, it provides theory-driven insights
into the deployment of Industry 4.0 technologies in supply chains, which are scarce to

this date.

Keywords: digitalization, Industry 4.0, task-technology fit, theory-driven, process inno-

vation.
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1. INTRODUCTION

The environments of supply chains are more volatile, uncertain, complex, and ambigu-
ous (VUCA) than ever. To face the challenges of this new “VUCA”-world, supply chain
managers need to improve the agility and resilience of their supply chains while main-
taining a high level of cost efficiency (Bennett and Lemoine, 2014). In addition, increas-
ing expectations regarding service, individuality, customization, granularization of or-
ders, and delivery concepts amplify competition between companies and whole supply
chains (Alicke et al., 2016; Marinagi et al., 2014). Thus, supply chain managers face
enormous pressure to improve their supply chain processes using emerging technologi-

cal advances constantly.

However, organizations struggle to harness the potential of emerging technology to in-
novate their supply chain processes (Geissbauer ef al., 2020). In recent years, much re-
search investigated the interplay of supply chain processes and emerging technologies
from different perspectives, and Industry 4.0 has become an increasingly popular topic
among researchers and practitioners. However, most research has focused on describing
different technologies and analyzing their functions in a specific field. Although some
general classifications or categorization attempts can be found (e.g., Ghadge et al., 2020;
Jain and Ajmera, 2020), existing studies do not theorize on the deployment of Industry
4.0 technologies in supply chains. Recent calls for papers state the need for theory-
driven approaches to understanding emerging technologies in SCM and theories that
explain how managers approach the potential of particular technologies (Bourlakis et
al., 2020).

Literature on fit can be identified to have great potential to address these needs and
improve technology adoption decisions to innovate supply chain processes. The concept
of fit and related theories hold the potential of anticipating the performance impacts of
possible technology deployment. In this regard, especially the task-technology fit (TTF)
theory, as suggested by Goodhue and Thompson (1995), is relevant because they pro-
vide the basic constructs for analyzing technology deployment and insights into their
relationships. However, so far, the model has mainly been applied to individuals or
groups of individuals using information systems. Under consideration of recent ad-
vances in technology and automation, an extension of TTF to tasks in general without

delimiting the focus on individuals seems necessary. Especially so, since by now, even
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complex cognitive tasks can be fulfilled by emerging technological systems. Also, ap-
plications of the model are restricted mainly to business processes without physical in-
tegration. Literature has not discussed TTF on tasks or processes that incorporate inte-
grated supply chain flows, i.e., materials, information, and financial assets transferred

beyond company borders in a supply chain-oriented fashion.

Also, despite the keen interest in Industry 4.0 and its application in supply chain pro-
cesses, extant research mainly focuses on its technological implications (Bourlakis et
al., 2020). However, there is still a lack of research focused on the specific, individual
applications of Industry 4.0 technologies. A large number of existing Industry 4.0 use-
cases in supply chains undermines their vast potential. However, this also leads to a high
degree of complexity, which may impede systematic analysis in research and effective
management in practice. This problem applies to business leaders who need to identify
tangible projects to implement Industry 4.0 in their supply chains. To reduce this com-
plexity, we propose clustering the high number of individual use-cases of Industry 4.0
applications into overseeable and manageable groups. Thus, we aim at theorizing the

relationship between technology and the application area.

Several studies to structure Industry 4.0 and supply chain management (SCM) have been
conducted in the past. However, their focus either solely lies on technological or strate-
gic considerations. Also, most existing classifications are not derived from an empirical
analysis but instead developed solely on a conceptual basis, which hinders their use to

identify tangible projects.

To address the beforementioned gaps, this study aims to contribute to the existing clas-
sifications on the interface of Industry 4.0 and SCM in two ways. Firstly, the classifica-
tion subjects are specific real-world use-cases described by the combination of both the
field of application and the technology utilized. Secondly, the resulting clusters of In-
dustry 4.0-enabled innovation in supply chains will be derived empirically rather than

conceptually based on quantitative cluster analysis.

Given the relevance of the topic and the shortcomings of extant literature, this study

aims to address the following research questions:

RQ1: What are representative types of technology-enabled process innovation in prac-

tice based on their constituting characteristics?
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RQ2: How can the fit between innovation problems in supply chain processes and tech-

nology characteristics be described formally?

To answer these questions, the remainder of this study is as follows. The next section
summarizes existing literature related to similar classification approaches and theoreti-
cal models related to technology and fit. The third section provides a detailed description
of the methodology followed during the research process. The fourth section describes
the study results, namely the resulting seven clusters, including a description and inter-
pretation. Lastly, the paper concludes with contributions, limitations, and propositions

for future research.
2. REVIEW OF PREVIOUS RESEARCH
Existing classifications of technology-enabled innovation in supply chains

This study utilizes clustering as a form of classification to theorize on the inter-relation-
ship between Industry 4.0 deployment, innovation problems, and performance out-
comes. Hence, it is essential to review existing classifications considering technology-
enabled innovation in supply chains. Two groups of existing classifications can be dis-
tinguished in the literature. One focuses on the classification of technologies, while the

other focuses on processes or fields within SCM.

Existing classifications of technologies deployed in SCM investigate the phenomenon
of innovation in supply chain processes from the solution perspective. Therefore, pub-
lications in this group provide taxonomies of specific technologies. For instance, Lev-
eling et al. (2014) provide a taxonomy of big data analytics in SCM that distinguishes
areas of application, potential benefits, and types of data. Also, Paliwal et al. (2020)
provide a taxonomy of blockchain applications for sustainable SCM based on a system-
atic literature review. Besides specific technologies, other publications classify Industry
4.0 technologies as a whole, as Fatorachian and Kazemi (2021) investigate the impact
on supply chain performance. Another example for classifications of Industry 4.0 in a
specific context is given by Perales ef al. (2019). The authors classify Industry 4.0 to

investigate the enhancement of sustainability in agri-food supply chains.

The second group of existing classifications focuses on processes, topics, or fields
within SCM and thus has a problem-oriented perspective on process innovation in sup-
ply chains. In this context, a few major SCM frameworks and models are to mention.

For example, Cooper et al. (1997) provided an early framework including SCM’s
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business processes, management components, and supply chain structure. Bowersox et
al. (1999) focused on referencing different supply chain flows and referencing technol-
ogy in SCM. Other seminal frameworks or models of SCM are provided by Mentzer et
al. (2001) and Skjott-Larsen et al. (2007). However, these rather aim at understanding
SCM as a whole from a higher-level perspective. Besides these generic frameworks,
more specific classifications on sub-streams of SCM like information flow strategies
(Vanpoucke et al., 2009) and supply chain relationships or networks (Ahmed et al.,
2017; Lamming et al., 2000) exist. Lastly, focusing on processes and tasks, the SCOR
model is a widely acknowledged reference model. It classifies SCM into six major man-
agement processes and refines them into detailed sub-processes, including correspond-

ing inputs and outputs (Huan ef al., 2004).

Regarding in-depth classifications of processes or tasks in SCM and technology deploy-
ment, existent publications are minimal. Walton and Gupta (1999) provided a frame-
work especially for matching the benefits of EDI technology with a company’s effort in
an SCM context. Nuss et al. (2015) presented a classification scheme for planning tasks

in reverse logistics.

However, to our knowledge, existing literature fails to provide a generally applicable
classification of Industry 4.0 applications in supply chain processes. Especially so re-
garding classifications that allow for in-depth analysis of supply chain process innova-
tion. Supply chain innovation is usually researched from a higher-level perspective,
viewing process innovation as a “black box-construct. Thus, a problem-oriented classi-
fication, which is independent of specific technologies, is necessary for SCM literature.
Moreover, since much hype and overly optimistic expectations regarding Industry 4.0
exist, we strongly suggest the empirical elaboration of archetypes of Industry 4.0 de-
ployment in supply chain processes to enable theorizing on the fit between technology

and innovation problem characteristics on a realistic basis.
Technology deployment and performance

In literature, the concept of fit is widely used to describe the inter-relationships of dif-
ferent constructs that lead to specific outcomes. For example, contingency theory states
that the design of an organization must fit with the environment and its sub-systems.
However, it was applied to many other contexts and promotes the general notion that

there is no single best way to manage a situation (Fiedler, 1964). Another example is
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organizational information processing theory. It identifies three essential concepts to
explain how organizations deal with complex and dynamic environments: information
processing needs, information processing capability, and the fit between the two to ob-

tain optimal performance (Premkumar et al., 2005).

Several models exist explaining the interplay of technologies and their surroundings re-
garding the specific relationship between technology and performance. In their meta-
analysis paper, Heine et al. (2003) identified 16 different models investigating the rela-
tionship between technology and performance. Results of these models vary widely re-
garding their level of analysis, which reaches from individuals, groups, and processes to
whole organizations. Also, identified models vary in their definition of technology, ei-
ther analyzing the relationship for a particular technology or a very holistic view on
technology, including processes and people. Lastly, models differ regarding their meas-
urement of performance, containing subjective and objective measures. Heine et al.
(2003) find that these inconsistencies in construct definitions make it especially hard to

compare the findings and build upon existing research in this field.

Four models can be identified dealing explicitly with the fit between technology usage
and performance, while others express technology in terms of moderation or mediating
relationships. These four models are the task-technology fit model (Goodhue and
Thompson, 1995), independent effects model (Georgantzas and Shapiro, 1993), effects
of employee skills on AMT performance model (Pagell et al., 2000), and process-tech-

nology fit on manufacturing performance model (Das and Narasimhan, 2001).

For this study, the models of Goodhue and Thompson (1995) and Das and Narasimhan
(2001) seem most relevant because they explicitly focus on processes or tasks and allow
ex-ante evaluation of technology deployment in a specific context. Das and Narasimhan
(2001) investigate the fit between process environment and advanced manufacturing
technology (AMT) and the resulting impact on manufacturing performance. They elab-
orate ideal types of aligned process environments and AMT investments leading to su-
perior performance. However, their findings are particularly concerning manufacturing
processes, differentiating between job shops and assembly lines. Also, their study is
particular regarding the technology definition, solely focusing on AMT. Thus, their find-
ings are not fully applicable for a supply chain setting with inter-organizational pro-

cesses and are not suitable for the different Industry 4.0 technologies.
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On the other hand, the task-technology fit model (TTF) from Goodhue and Thompson
(1995) provides a more holistic approach towards the topic. It describes the relationship
between capabilities of information systems (IS), requirements of user tasks, and indi-
vidual performance of the user. It states that the higher the degree of fit between infor-
mation system (IS) capabilities and task requirements, the better the system deploy-
ment’s performance impact (Goodhue and Thompson, 1995). TTF was first published
by Goodhue and Thompson (1995) and proved the TTF measure, in conjunction with
utilization of the system, improves job performance and effectiveness of individuals
significantly. The authors identified eight dimensions of TTF: data quality, locatability
of data, authorization to access data, data compatibility (between systems), training and
ease of use, production timeliness, systems reliability, and IS relationship with users.
The factors focus on meeting task needs for using data in decision-making, meeting day-
to-day operational needs, and responding to changing business needs. Shortly after,
Zigurs and Buckland (1998) presented an analogous model for groups of individuals.
Since then, a few variations of the model have been developed and applied in different
contexts, posing slightly different relationships of the constructs’ task characteristics,
technology characteristics, fit, performance impacts, and utilization (i.e., Dishaw and
Strong, 1999; Fuller and Dennis, 2009; Junglas et al., 2008; Ratna et al., 2018; Fu et al.,
2019; Huscroft et al., 2013).

Achievements in TTF research can be divided into the extension of the model itself, the
embedding in IS literature, and the application in different practical contexts. The model
can improve the selection of technologies by anticipating the performance impacts of
possible technology deployment. However, the model has not been applied to tasks or
processes beyond the individual or group level, especially not in a supply chain-oriented
context. Hence, we propose the development of a supply chain-specific process-tech-

nology fit model for Industry 4.0.
3. METHODOLOGY

Section 2 shows that existing literature does not provide sufficient theoretical
knowledge on the relationship between Industry 4.0 technologies, application areas in
supply chain processes, and performance impacts. We identified real-world use-cases as

a suitable solution for this research gap based on an existing theoretical foundation.
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Hence, we propose a rigorous research design following four consecutive research

phases to close this identified research gap (Table 3.1):

C-Table 3.1: Overview of the four consecutive research phases

Phase 1: Development | Phase 2: Database crea- | Phase 3: Content analy- | Phase 4: Interpretation
of an a priori frame- | tion sis of the analysis’ results
work

Steps -Identify relevant litera- | -Define  sources and | -Quantitative analysis of | -Qualitative description
ture concerning the inter- | search mode for second- | the data set based on the | and interpretation of the
play of technology de- | ary data. given data points. derived clusters.
ployme.nt and - perfor- -Define inclusion criteria | -Search for patterns and | -Additional research to
mance impact. for use-cases. clusters. elaborate derived clusters
-Adapt existing frame- Define verification ap- (i.e., corresponding char-
works and knowledge to . acteristics of technolo-

proach for data points.
supply chain-specific re- gies).
quirements. -Conduct secondary re-
search.
-Define data points for
database creation.

Meth- Literature review Internet-based research | Cluster analysis using | Literature review and

ods for secondary data. Python 3. secondary data research.

Sources | Models and theories that | Databases, articles, and | -Categorical clustering | Results from content
measure the impact of | company websites. literature. analysis (Phase 3), tech-
technology on perfor- Python libraries. nology-specific litera-
mance. ture.

Results | Adapted fit model de- | Data set containing 79 | Quantitatively derived | -Qualitative elaborated
scribing the interplay of | unique real-world wuse- | clusters of innovation | clusters of innovation
supply chain technolo- | cases of technology-ena- | problems in  supply | problems in  supply
gies, innovation prob- | bled process innovation | chains and corresponding | chains and matching
lems in supply chain pro- | in supply chains. technological solutions | technological solutions,
cess, and performance for each cluster, based on | including their constitut-
impacts. real-world use-cases. ing characteristics.

Phase 1: Development of an a priori framework and variable selection

To develop an a priori framework, we analyze the existing literature related to the effi-

cient use of technology. Various models were identified that measure the impact of tech-

nology on performance in general. These models can be differentiated by: exogenous

and endogenous variables, level of analysis (individual, organization, process), technol-

ogy applicability (wide, medium, narrow), and performance measures (Heine ef al.,

2003). A detailed overview of existing literature on such models was given in Section
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2. As no model accounts for supply chain-specific aspects in the context of Industry 4.0,
we developed a novel framework informed by task-technology fit theory (TTF) which
is illustrated in Figure 3.1C-Figure 3.1: A priori framework derived from literature
(Goodhue and Thompson, 1995).

‘ Supply chain technologies ‘
I

v

‘ Technology characteristics ‘

Solution space

¢
Problem space

Innovation problem in supply chain- Characteristics of innovation problem in ‘
oriented process supply chain process ‘ Moderators
\—101‘ fit Task-technology-fit theory

C-Figure 3.1: A priori framework derived from literature

The framework comprises three main elements: characteristics of supply chain innova-
tion problems, characteristics of supply chain technologies, and the supply chain perfor-
mance impact. TTF states that a performance impact is achieved when a fit between
technology characteristics and innovation problems (i.e., tasks) is given (Goodhue and
Thompson, 1995).

Based on the overall a priori framework, the variables for the cluster analysis are se-
lected. The selection of variables to characterize the clustered objects is an integral part
of cluster analysis, as the derived clusters are defined only by these variables. Thus,
variables to be included in the cluster investigation must be carefully considered, in-
cluding conceptual and practical aspects (Hair, 2009). Regarding the conceptual consid-
erations, cluster analysis is a non-inferential technique that does not offer any statistical
tools that indicate the significance of a solution. Hence, conceptual support is particu-
larly crucial for cluster analysis’ design and interpretation. Therefore, the variables have

to be selected upon some conceptual rationale (Hair, 2009).

In our specific case, variable selection for the clustering analysis refers to the detailed
characteristics of innovation problems in supply chain processes. To elaborate on inno-
vation problem characteristics in supply chain processes in detail, we build on a previ-
ously developed taxonomy following a rigorous taxonomy development process sug-
gested by Nickerson ef al. (2013). The taxonomy allows the classification of supply
chain innovation tasks based on five dimensions: Flow object type, flow object task,
innovation goal for the task, system complexity, and organizational scope (Selensky and

Hofmann, 2021). The taxonomy is illustrated in Figure 3.2.
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The task dimensions refer to a supply chain task's specific characteristics, describing
how input is processed into an output to create value. We identified nine generic char-
acteristics to define the value creation of a task in supply chains, which can be divided
into the two dimensions of flow object type and flow object task. In addition, innovation
specifications account for desired improvements of a defined task. Thus, improvement
resulting from technological innovation can result either in a change in the input, a
change in the output, or a change in how the task is executed. Finally, the confext di-
mensions account for the task's setting and can be divided based on the reviewed litera-
ture into the system complexity and the organizational scope (Selensky and Hofmann,
2021).

Dimensions Characteristics
. Inf ti . .
.Flow Physical flow friormation Financial flow Legal flow
object type flow
Task
specifications
Flow . . . . . .
Creation Transition Storage Verification Modification

object task

Innovation Innovation Improve Reduce
. . goal for Enable Automate Accelerate pre
specifications quality effort
task
System Closed system Controlled system Open system
complexity Y Y pen sy
Context
specifications
Organi- .
zational Intra-firm Sup p'l y chain- Network
oriented
scope

C-Figure 3.2: Characteristics of innovation problems in supply chain processes
(Selensky and Hofmann, 2021)

To elaborate on technology characteristics in detail, we will rely on the operationaliza-
tion of Goodhue and Thompson (1995) in their seminal paper. Namely, they characterize
technologies based on the eight characteristics data quality, locatability of data, author-
ization to access data, data compatibility (between systems), training and ease of use,

production timeliness, systems reliability, and IS relationship with users.
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Phase 2: Database creation
Technical and practical implementation of the database:

Based on the developed a priori framework, a database of unique real-world Industry
4.0 use-cases in supply chain processes is created using secondary research. The collec-
tion and management of the data were conducted via MS-Access. Creating a database
using secondary data is prone to be influenced by personal biases to some extent. Hence,
clear instructions for data collection were formulated in written form to ensure a rigor-

ous and reproducible research process.
Search mode:

When searching for Industry 4.0 use-cases in supply chain processes, the focus was on
different technologies and their components, the application areas, and the impact. The
search was organized based on the five key technologies of Industry 4.0 as identified by
Winkelhaus and Grosse (2019b) in their literature review: Internet of Things, Cyber-
physical systems, Distributed Ledger Technology, Machine Learning and Big Data, Mo-
bile-based systems, and Cloud computing(Winkelhaus and Grosse, 2019b). A grid span-
ning these key technologies and the basic supply chain processes based on the SCOR
model (i.e., plan, source, make, deliver, return, enable) was utilized for the search pro-
cess. This way, all technologies in all main SCM application areas were searched during
the research process. More precisely, search strings of each possible combination of
these two components were built and utilized when searching the identified sources. For
example, when searching use-cases for Mobile-based systems in make-processes, search

strings would be:

(“mobile-based” OR “handheld” or “smart device”) AND (“production” OR “shop-

floor” OR “manufacturing”)

Additionally, depending on the used sources, different possibilities for filtering use-
cases were utilized to find cases for each field in the developed grid, depending on the
functionality of the platforms. Also, it should be noted that not every combination is

represented equally or represented at all in practice.

Sources of secondary research:
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The following sources were used for conducting the secondary research during the cre-
ation of the database of Industry 4.0 use-cases. A list of the most utilized platforms and

sources for use-case research is presented in Appendix 1.
e Use-case collections from governmental web platforms
e Use-case collections from private web platforms
e Industry journals and magazines
e Use-cases published by applying companies
Sampling and inclusion criteria:

The most critical inclusion criterion for the use-cases in the database is implementing
the technological solution in an organization. Hence, descriptions by technology ven-
dors without explicit and reliable applications are excluded from the data set. Another
essential inclusion criterion for the database is that only cases that provide a successful
example of technology implementation and usage (i.e., successful technology-enabled
process innovations) are included. Hence, some proof of success and usage by some
measure must be provided in the given source. This criterion ensures that all configura-
tions of technologies and application areas provide examples of good fit when analyzed

in later phases.
Validity of data:

Accounting for representativeness is an essential factor when using cluster analysis as a
research method. As mentioned above, data was collected based on five key technology
trends derived from literature and based on the five major SCOR processes. However,
the defined sources deliver different amounts of results for different combinations of
technologies and application processes. However, also, in reality, some applications are
more common than others. Hence, the database relies on the basic assumption that the
applied search strategy leads to an overview of cases that somehow reflects reality, as
those cases that are more common and more successful will appear during the research
more often. However, we are aware that the database cannot claim full representative-
ness of the real world, as most databases cannot. Nevertheless, as the analysis will not
rely on absolute counts of cases but the emergence of different combinations of charac-
teristics and their content, the degree of representativeness is appropriate for the given

research objectives.
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Phase 3: Content analysis

The resulting database from phase 2 is analyzed using Python 3. Hierarchical cluster
analysis is used to partition the Industry 4.0 use-cases into groups based on their under-
lying supply chain innovation problems. Since the hierarchical cluster algorithms are
considered superior when there is no prior specification or initial starting point, a hier-
archical cluster analysis procedure was used to determine the candidate number of clus-
ters. Ward’s method with Euclidean distance measure, considered superior among hier-
archical cluster methods, was adopted (Punj and Stewart, 1983). The clustering was
conducted based on the five variables characterizing the innovation problems in supply
chain processes: Flow object type, Flow object task, Innovation goal for the task, System

complexity, Organizational scope.

One of the critical issues in cluster analyses is the determination of the appropriate num-
ber of groups. The general idea is to balance the two fundamental properties of clusters:
external isolation and internal cohesion (Cormack, 1971). Different numbers of clusters
were tested quantitively but also by the researchers' intuition during this research phase.
The analysis of the dendrogram suggested that seven clusters are appropriate for the

data. The seven-cluster classification scheme was thus used in all subsequent analyses.

Although the classification approach adopted in this study is considered robust, it is
necessary to demonstrate that the identified clusters are meaningful and useful. Several
methods are available to test the quality of the clustering solution (Milligan, 1981). We
validated the resulting clusters using the Hopkins Test and the expertise and intuition of

the researchers.
Phase 4: Interpretation of data and derivation of the final framework

The last phase of this study includes the qualitative description and interpretation of the
quantitively derived clusters. While doing so, striking patterns in the characteristics of
the innovation problems in each cluster are examined. Also, the data points technology
and description from the database are evaluated for each cluster during this phase.
Hence, we identify constituting properties of each group. Then, additional research is
conducted to draw a picture of the characteristics of assigned technologies for each clus-
ter. Lastly, based on the qualitative analysis of the use-cases, we classify the relevance
of the eight technology characteristics identified by Goodhue and Thompson (1995) on

a simple scale for each cluster. This way, the link between innovation problems (i.e.,
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cluster of innovation problems) and characteristics of supply chain technologies can be

described more formally and precisely.
4. FINDINGS

The research phases 1 and 2 resulted in a dataset of 79 unique and successful cases of
technology-enabled process innovations in supply chains. We extracted the underlying
innovation problem of each case using our ex-ante framework presented in Section 3
and identified the technologies solving the innovation problem from the corresponding
sources. The selected cases spanned various industries and countries. They originated
from different sources, mainly from existing databases such as the “Plattform Industrie
4.0” from the Federal Ministry of Economic Affairs and Energy in Germany or the “IoT
One” database. A list of the most relevant sources can be found in Appendix 1. Addi-

tionally, cases were searched and supplemented from articles and company websites.

In research phase 3, we clustered the data set with Ward linkage and Euclidean distance,
identified as the best fit for our dataset. After experimenting with different cluster sizes
and validating results, quantitatively using the Hopkins-Test and qualitatively using in-
tuition and expertise of the researchers, a seven-cluster solution seems most appropriate
for the given dataset. The dendrogram illustrating the clustering hierarchy and the cor-
responding seven-cluster solution is illustrated in Appendix 2. Consequently, we follow

the described methodology with an interpretation of the resulting clusters (phase 4).

Interpretation of the data: towards archetypes of technology-enabled innovation

in supply chain processes

In the following, each of the seven quantitively derived clusters will be interpreted and
extended qualitatively. For each, we will first summarize the content and describe and
interpret the predominant characteristics in each cluster. Subsequently, we add qualita-
tive knowledge from the use-case descriptions and transfer the analytical findings to the
real-world applications of the use-cases. Lastly, we analyze the technologies deployed
in each cluster and assess the relevance of the eight technology characteristics identified
by Goodhue and Thompson (1995). With this last step, we can generically link technol-
ogy characteristics directly to clusters of innovation problems, thus theoretically ex-
plaining why specific configurations pose successfully. A comprehensive table showing

all the use-cases and their characteristics for each cluster can be found in Appendix 3.
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Cluster 1: “Enable inter-organizational flow tasks in open systems.”

Characteristics of innovation problem: The dominant characteristics in Cluster 1 com-
prise the enablement as innovation goal in open and thus complex systems. The flow
object tasks differ but mainly focus on the creation of information and also the verifica-
tion of physical flows. Notably, the organizational scope goes beyond the firm level in

every case, spanning direct supply chain partners or the whole network.

Analysis of use-cases: 1t can be observed that the use-cases most dominantly comprise
tracking, tracing, or monitoring solutions of different information types. Examples of
these information types are the geographical position, temperature, or identity of physi-
cal goods. Creating information and granting access to new information types for dif-
ferent stakeholders is especially relevant regarding the tasks. However, the timeliness
of information (i.e., real-time accessibility) also often plays a role when reviewing the

use-cases qualitatively.

Analysis of technologies deployed: Technology-wise, this cluster seems highly reliant
on sensor technologies such as geographical or smart sensors and automatic identifica-
tion technologies that allow the creation of this information of the physical world. Ad-
ditionally, the verification of physical flows relies on distributed ledger technologies.
Based on the qualitative analysis of the use-cases, we classified the importance of the
eight technology characteristics identified by Goodhue and Thompson (1995) on a sim-
ple scale for Cluster 1. It can be observed that data quality, authorization to access data
by different stakeholders, data compatibility between different systems are the critical

characteristics of technological solutions in this Cluster 1.
Cluster 2: “Enable information storage in and beyond organizations.”

Characteristics of innovation problem. Cluster 2 exclusively consists of use-cases con-
sidering the information flow and, more precisely, information storage. Most use-cases
pose an innovation by enabling this storage and the reduced effort of storing information
and granting access to it. However, use-cases vary regarding the complexity of systems
they store information from and the organizational scope, which spans the intra-firm and

supply chain-oriented and network levels.

Analysis of use-cases: The use-cases in Cluster 2 mainly relate to aggregating previously
collected or created information. Moreover, the cases often involve some form of acces-

sibility or visualization of the stored aggregated data. While intra-firm solutions often
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describe some form of dashboard or monitoring system for stored data, network solu-
tions mainly comprise platforms or similar software. Examples are condition monitoring
solutions of robotic systems at the intra-firm level and logistics data platforms at the

network level.

Analysis of technologies deployed: Important technologies in Cluster 2 comprise cloud
computing, digital (software) platforms, and data centers, but also distributed ledger
technologies and smart mobile applications for decentralized data storage. Reviewing
these technologies and analyzing their most relevant characteristics, locatability of data
(i.e., where to find relevant data), authorization to access data (especially in an inter-
organizational context), and data compatibility (to merge data from different sources on

the platforms) pose the key-characteristics in Cluster 2.
Cluster 3: “Create and transfer information along supply chains.”

Characteristics of innovation problem: Cluster 3 predominantly addresses information
flows in supply chains. Regarding the tasks to fulfill with information flows, the cluster
considers the creation and transition of information. The innovation of these two tasks
is achieved by enabling, accelerating, or automating the creation or transition of infor-
mation in organizations or between supply chain partners. Furthermore, the context of
these tasks is closed or controlled, thus posing a manageable complexity, while very

complex open systems are out of scope.

Analysis of use-cases: When analyzing the use-cases in more detail, several sub-clusters
emerge from Cluster 3. Firstly, considering the transition of information flow. Automa-
tion of these transitions, for example, comprises examples of automated re-orders be-
tween supply chain partners using Kanban or similar concepts. Acceleration of infor-
mation transition mainly relates to intra-firm problems, where shop-floor workers are
provided with the necessary information faster, for example, through smart mobile de-

vices. Finally, other use-cases enable and automate the creation of digital information.

Analysis of technologies deployed: As specific cases in this cluster differ, so do the tech-
nologies deployed. The main groups of technologies dealing with the creation and tran-
sition of information are smart wearables that provide information for individuals, sen-
sors and machine learning algorithms that enable and automate the creation of infor-
mation, and (DLT-based) platform solutions that enable and automate the transition of

information between organizations. Data quality is among the most relevant
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characteristics of the technologies solving problems in this cluster. Moreover, a review
of the use-cases showed that these technologies also pose a high interaction with human
users, and thus the two characteristics training and ease of use and IS relationship with

users seem crucial to achieving performance impact in the supply chain process.
Cluster 4: “Improve output of information handling in organizations.”

Characteristics of innovation problem: The use-cases in Cluster 4 are very homogenous
and deal with the modification of information, whereas technological innovation im-
proves the quality of this modification. Practical innovations in this cluster contain
closed or controlled systems, leaving complex open systems out of scope. Also, the

cluster focuses on intra-firm innovation of information flow modification.

Analysis of use-cases: Analyzing the use-cases in detail, they comprise topics like route
optimization, maintenance planning, or data analysis for various improvements. While
these different types of data modification and optimization problems were solvable

somehow before, emerging technologies offer more precise solutions for these issues.

Analysis of technologies deployed: Technologies that offer a higher quality output of
information modification tasks comprise modern software using machine learning algo-
rithms and suitable hardware that can handle large amounts of information. The analysis
of the cases and deployed technologies identified data quality, production timeliness,
and IS relationship with users as the most critical technology characteristics innovating
this cluster. Data quality thereby relates to the quality of output. Production timeliness
relates to the fulfillment of expected turnaround times, which are essential for deploy-
ment in day-to-day operations. As these systems have interfaces with users that act upon
their output, relationship with users poses particularly important to achieve performance

impacts, based on the identified use-cases.
Cluster 5: “Improve the physical dimension in organizations and supply chains.”

Characteristics of innovation problem: Cluster 5 predominantly addresses physical
flows in or between organizations in closed or controlled systems. Tasks regarding the
physical flow differ regarding the creation, modification, and verification, and these
tasks are innovated either by enabling the task, accelerating it, or automating it. More
seldom, the innovation comprises reducing the effort to modify a physical flow or im-

prove the quality of its verification.
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Analysis of use-cases: Regarding creating physical flows, use-cases mainly derive from
manufacturing and address topics like enabling new designs by additive manufacturing
to produce unique parts, accelerating individual prototyping, or automating production
and assembly lines. Regarding verifying physical flows, use-cases comprise origin trac-
ing of goods (e.g., diamonds) and certification of physical characteristics. Depending on
the current state in each industry or supply network, technologies enable this verification

or automate and accelerate it to improve efficiency.

Analysis of technologies deployed: For creating physical flows, mainly additive manu-
facturing, robotics, and intelligent machinery systems seem relevant based on the use-
cases. Verification of physical flows and characteristics is mainly solved by DLT-related
solutions that enable trust among supply chain partners. The technology characteristic
of production timeliness is especially relevant for the physical flow use-cases, while
authorization to access data is vital for verification cases. Systems reliability was found

crucial for all the use-cases contained in Cluster 5.
Cluster 6: “Automate physical storage on the organizational level.”

Characteristics of innovation problem: Cluster 6 contains very similar use-cases con-
cerned with the physical storage on an intra-firm level. Innovation of the use-cases aims

at automating these physical storage activities.

Analysis of use-cases.: Although having very similar characteristics, the use-cases com-
prise different aspects of storage automation and different ways to solve this issue tech-
nologically. For example, some solutions automate the picking process of stored goods,
helping the human workers. Others automate intra-logistic transport, while a third group

automates and optimizes warehousing holistically by deploying an overarching system.

Analysis of technologies deployed: For the automation of physical intra-logistic storge,
mainly intra-logistic robots (i.e., autonomous transport systems) and intelligent ware-
houses are deployed. For these technologies, production timeliness, reliability, and re-
lationship with the users (i.e., collaboration with shop-floor workers) were identified as

critical characteristics when reviewing the use-cases.
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Cluster 7: “Improve the physical transport in open systems.”

Characteristics of innovation problem: Cluster 7 predominantly deals with physical
transport in open systems between organizations. This transport is either innovated by

being automated, accelerated, or by reducing the resources necessary to perform it.

Analysis of use-cases: The predominant characteristic “open system” in this cluster re-
fers to the real world the transport is taking place (i.e., road traffic or airspace). In con-
trast to the intra-logistics use-cases from Cluster 6, these open systems cannot be con-
trolled and thus pose a high complexity for technological solutions. All the use-cases
comprise the physical delivery (case 175 legal flow can be viewed as an outlier in the
cluster) that either take place between locations of one organization or between different
organizations. Cases like autonomous truck delivery or unloading mainly aim to reduce
human interaction (i.e., automation), while the delivery of more miniature goods (e.g.,
by drone delivery) mainly aims to accelerate the delivery task. Lastly, modern transport
concepts like truck platooning or sustainable delivery robots aim at reducing the input

of physical delivery.

Analysis of technologies deployed: Technologies in Cluster 7 can be summarized as au-
tonomous vehicles operating in open, often unknown, and complex systems. They com-
prise different sub-technologies included in autonomous trucks or trains, delivery- or
(un-)loading- robots, drones, and technological systems used to optimize these delivery
tasks through software and sensor technology. For these systems, timeliness and relia-

bility were identified as essential to achieve the expected performance improvements.

Table 4.1 summarizes the findings of predominant technology characteristics in each of
the resulting clusters. Analyzing the table line by line highlights the different importance
of each characteristic in the different clusters. For example, data quality seems to play a
crucial role for Cluster 1, Cluster 3, and Cluster 4, while it has no importance for Cluster
2, Cluster 6, and Cluster 7.
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C-Table 4.1: Overview of predominant technology characteristics per cluster
Cluster 1:
Cluster 3: | Cluster 4: Cluster 7:
Enable in- Cluster 5:
Cluster 2: | Create and | Improve Cluster 6: | Improve
Technology ter-organi- Improve
Enable in- | transfer in- | output of Automate physical
characteris- zational the physi-
formation formation infor- physical transport
tics flow in cal dimen-
storage. along sup- | mation . storage. in open sys-
open  sys- sion.
ply chains. | handling. tems.
tems.
Data quality ++ 0 ++ ++ + 0 0
Locatability of
+ ++ + + 0 0 +
data
Authorization
++ ++ 0 0 ++ 0 0
to access data
Data compati-
. ++ ++ 0 + 0 0 +
bility
Training and
0 0 ++ 0 0 + 0
ease of use
Production
o + + + ++ ++ ++ ++
timeliness
Systems relia-
++ + 0 0 ++ ++ ++
bility
IS relationship
. 0 0 ++ ++ + ++ 0
with users

5. CONCLUSION

As stated in the beginning, the goal of this study was twofold. We first aimed to derive
practical groupings of innovation problems in supply chain processes using quantitative
clustering. Secondly, we wanted to use these archetypical clusters to theorize on the fit
between innovation problems and technology characteristics. We did this by analyzing

successful configurations of innovation problems and technologies.

Regarding the first goal, the quantitative clustering of the database revealed seven clus-
ters of similar innovation problems based on defined characteristics. The qualitative
analysis of these clusters showed that, in sum, the clusters are meaningful and valuable.
Moreover, each cluster could be interpreted and enlarged with further research. Thus,
we contribute to theoretical knowledge by providing useful archetypes of innovation

problems. Researchers can use these to define and classify their unit of analysis more
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precisely. The paper hence provides a foundation for future research to analyze these

different archetypical clusters in-depth.

We could add to the theoretical knowledge regarding the second goal by linking the
resulting clusters of innovation problems with specific technologies. Furthermore, we
linked the innovation problems with the characteristics of the technologies successfully
deployed in these clusters. Thus, the results provide the first step towards a theoretical
explanation of the technological characteristics necessary to solve specific, practice-
based innovation problems in supply chain processes. The paper contributes to elabo-
rating a supply chain-oriented process-technology fit model based on task-technology
fit theory. To the best of our knowledge, our findings are the first to provide specific
insights on the inter-relationship of process characteristics and technology characteris-
tics in supply chain processes. While some research on this topic exists, it either focuses
on specific technologies or processes only, does not provide specific consideration for
inter-organizational processes, or only theorizes on the level of individuals or groups
instead of processes. Hence, this study contributes to theory by providing an empirically
based conceptualization of technology-enabled process innovation in supply chains,

which has not been done in this way, as far as we know.

From a practical perspective, the study reduces the high complexity related to Industry
4.0 applications by breaking down many different problems and solutions into seven
manageable clusters. This allows clear communication on the topic, structured analysis
of problems, and efficient solutions design. More precisely, practitioners can use the
resulting clusters to classify their organization's problems. Furthermore, they can ana-
lyze similar problems abstractly and find fitting technological solutions based on our
empirical insights on which problem types can be innovated efficiently by specific tech-
nologies. Finally, practitioners can use this knowledge to focus their attention during the

technology pre-adoption phase when facing a specific problem.

Of course, this study has some limitations. First of all, as stated in Section 3, we applied
the general assumption that use-cases in the database are positive examples of technol-
ogy deployment (i.e., examples where a fit between innovation problem and technology
is given). As we created the dataset based on secondary data, this assumption cannot be
considered as always given. However, as described in Section 3, we mitigated this risk

through a rigorous and clearly defined data sampling process. Another issue poses the
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representativeness, balance, and size of the dataset, as with most studies relying on quan-
titative clustering. In the current dataset, a strong dominance of use-cases dealing with
physical and information flows can be observed. It can be argued that this imbalance
somehow reflects reality, as these cases are further developed and more common than
cases dealing with financial or legal flows. However, it is difficult to determine the cor-

rect design of a balanced and representative dataset precisely.

Further research should consider these issues by deploying a larger dataset to the pro-
posed methodology. Also, the derived technology characteristics of each cluster should
be evaluated in more detail, for example, using expert interviews or in-depth case stud-
ies. Finally, regarding the clustering itself, linkage methods such as single linkage,
which tend to maintain singleton clusters high up the hierarchy, may be used to identify
outliers. The outliers may then be excluded from the dataset and either the same or an-
other algorithm applied to the reduced data set. To keep the complexity of the analysis
reasonable, we have refrained from following such an iterative approach, but it may be

useful for future studies.
REFERENCES

Abeyratne, S. and Monfared, R. (2016), "Blockchain Ready Manufacturing Supply
Chain Using Distributed Ledger", International Journal of Research in
Engineering and Technology, Vol. 05 No. 9, pp. 1-10.

Aguilar-Saven, R. S. (2004), "Business process modelling: Review and framework",
International Journal of production economics, Vol. 90 No. 2, pp. 129-149.

Ahmed, M. U., Kristal, M. M., Pagell, M. and Gattiker, T. F. (2017), "Towards a
classification of supply chain relationships: a routine based perspective", Supply
Chain Management: An International Journal, Vol. 22 No. 4, pp. 341-374.

Alfnes, E., Thomassen, M. K. and Bostad, M. (2016), "Comparing techniques for
selecting automation technology", in IFIP International Conference on Advances
in Production Management Systems, pp. 371-378.

Alicke, K., Rachor, J. and Seyfert, A. (2016), "Supply Chain 4.0-the next-generation
digital supply chain", McKinsey & Company.

Almannai, B., Greenough, R. and Kay, J. (2008), "A decision support tool based on
QFD and FMEA for the selection of manufacturing automation technologies",
Robotics and Computer-Integrated Manufacturing, Vol. 24 No. 4, pp. 501-507.



201

Alsghaier, H., Akour, M., Shehabat, I. and Aldiabat, S. (2017), "The Importance of Big
Data Analytics in Business: A Case Study", American Journal of Software
Engineering and Applications, Vol. 6 No. 4, pp. 111-115.

Arlbjern, J. S., de Haas, H. and Munksgaard, K. B. (2011), "Exploring supply chain
innovation", Logistics research, Vol. 3 No. 1, pp. 3-18.

Armayor, D. P., Batista, J. A. D. and Gomez, J. M. (2011a), "Toward an Integration
Technology Selection Model for Information Systems Integration in Supply
Chains", in Berlin, Heidelberg, pp. 187-194.

Armayor, D. P., Batista, J. A. D. and Gémez, J. M. (2011b), "Toward an Integration
Technology Selection Model for Information Systems Integration in Supply
Chains", in International Conference on ICT Innovations, Berlin, Heidelberg, pp.
187-194.

Autry, C. W., Grawe, S. J., Daugherty, P. J. and Richey, R. G. (2010), "The effects of
technological turbulence and breadth on supply chain technology acceptance and
adoption", Journal of Operations Management, Vol. 28 No. 6, pp. 522-536.

Azzi, R., Chamoun, R. K. and Sokhn, M. (2019), "The power of a blockchain-based
supply chain", Computers & Industrial Engineering, Vol. 135, pp. 582-592.

Bailey, K. D. (1994), Typologies and taxonomies: An introduction to classification
techniques, Sage, Thousand Oaks, CA.

Baines, T. (2004), "An integrated process for forming manufacturing technology
acquisition decisions", International Journal of Operations & Production
Management, Vol. 24 No. 5, pp. 447-467.

Banerjee, S. and Kumar, R. L. (2002), "Managing electronic interchange of business
documents", Communications of the ACM, Vol. 45 No. 7, pp. 96-102.

Barenji, A. V., Guo, H., Tian, Z., Li, Z., Wang, W. M. and Huang, G. Q. (2019),
"Blockchain-Based Cloud Manufacturing: Decentralization", in 25th ISPE Inc
International Conference on Transdisciplinary Engineering, Modena, Italy.

Bednar, M. K. (2012), "Watchdog or Lapdog? A Behavioral View of the Media as a
Corporate Governance Mechanism", Academy of Management Journal, Vol. 55
No. 1, pp. 131-150.

Bellingkrodt, S. and Wallenburg, C. M. (2013), "The Role of External Relationships for
LSP Innovativeness: A Contingency Approach", Journal of Business Logistics,
Vol. 34 No. 3, pp. 209-221.

Bennett, N. and Lemoine, J. (2014), "What VUCA really means for you", Harvard
business review, Vol. 92 No. 1/2, p. 27.



202

Bienhaus, F. and Haddud, A. (2018), "Procurement 4.0: factors influencing the
digitisation of procurement and supply chains", Business Process Management
Journal, Vol. 24 No. 4, pp. 965-984.

Bjorklund, M. (2011), "Influence from the business environment on environmental
purchasing — Drivers and hinders of purchasing green transportation services",
Journal of Purchasing and Supply Management, Vol. 17 No. 1, pp. 11-22.

Blaikie, N. and Priest, J. (2017), Social research: Paradigms in action, John Wiley &
Sons.

Boer, H. and During, W. E. (2001), "Innovation, what innovation? A comparison
between product, process and organisational innovation", International Journal of
Technology Management, Vol. 22 No. 1-3, pp. 83-107.

Bostrom, R. P. and Heinen, J. S. (1977), "MIS problems and failures: A socio-technical
perspective. Part I: The causes", MIS quarterly, Vol. 1 No. 3, pp. 17-32.

Bourlakis, M., Ghadge, A., Caldwell, N., Kamble, S. and Gunasekaran, A. (2020),
"Theory driven approaches to understand Industry 4.0 technologies in Logistics
and Supply Chain Management", International Journal of Physical Distribution &
Logistics Management.

Bowersox, D. J., Closs, D. J. and Stank, T. P. (1999), 21st century logistics: making

supply chain integration a reality, Council of Logistics Management, Lombard,
IL.

Brandon-Jones, A. and Kauppi, K. (2018), "Examining the antecedents of the
technology acceptance model within e-procurement", International Journal of
Operations & Production Management, Vol. 38 No. 1, pp. 22-42.

Breiing, A. and Knosala, R. (1997), "Die bisher gebriuchlichsten
Bewertungsverfahren", Bewerten technischer Systeme, Springer, pp. 227-256.

Brem, A., Nylund, P. A. and Schuster, G. (2016), "Innovation and de facto
standardization: The influence of dominant design on innovative performance,
radical innovation, and process innovation", Technovation, Vol. 50-51, pp. 79-88.

Brinch, M., Stentoft, J., Jensen, J. K. and Rajkumar, C. (2018), "Practitioners
understanding of big data and its applications in supply chain management", The
International Journal of Logistics Management, Vol. 29 No. 2, pp. 555-574.

Busse, C. and Wallenburg, C. M. (2011), "Innovation management of logistics service
providers: Foundations, review, and research agenda", International Journal of
Physical Distribution & Logistics Management, Vol. 41 No. 2, pp. 187-218.

Biiylikozkan, G., Arsenyan, J. and Ruan, D. (2012), "Logistics tool selection with two-
phase fuzzy multi criteria decision making: A case study for personal digital
assistant selection", Expert Systems with applications, Vol. 39 No. 1, pp. 142-153.



203

Chan, H. K., Griffin, J., Lim, J. J., Zeng, F. and Chiu, A. S. F. (2018), "The impact of
3D Printing Technology on the supply chain: Manufacturing and legal

perspectives", International Journal of Production Economics, Vol. 205, pp. 156-
162.

Chekurov, S., Metsd-Kortelainen, S., Salmi, M., Roda, I. and Jussila, A. (2018), "The
perceived value of additively manufactured digital spare parts in industry: An

empirical investigation", International Journal of Production Economics, Vol.
205, pp. 87-97.

Chen, D. Q., Preston, D. S. and Swink, M. (2015), "How the Use of Big Data Analytics
Affects Value Creation in Supply Chain Management", Journal of Management
Information Systems, Vol. 32 No. 4, pp. 4-39.

Chen, H., Daugherty, P. J. and Landry, T. D. (2009), "SUPPLY CHAIN PROCESS
INTEGRATION: A THEORETICAL FRAMEWORK", Journal of Business
Logistics, Vol. 30 No. 2, pp. 27-46.

Cherns, A. (1976), "The principles of sociotechnical design", Human relations, Vol. 29
No. 8, pp. 783-792.

Chinosi, M. and Trombetta, A. (2012), "BPMN: An introduction to the standard",
Computer Standards & Interfaces, Vol. 34 No. 1, pp. 124-134.

Chiou, T.-Y., Chan, H. K., Lettice, F. and Chung, S. H. (2011), "The influence of
greening the suppliers and green innovation on environmental performance and
competitive advantage in Taiwan", Transportation Research Part E: Logistics and
Transportation Review, Vol. 47 No. 6, pp. 822-836.

Chuu, S.-J. (2014), "An investment evaluation of supply chain RFID technologies: A
group decision-making model with multiple information sources", Knowledge-
Based Systems, Vol. 66, pp. 210-220.

Closs, D. J., Goldsby, T. J. and Clinton, S. R. (1997a), "Information technology
influences on world class logistics capability", International Journal of Physical
Distribution & Logistics Management, Vol. 27 No. 1, pp. 4-17.

Closs, D. J., Goldsby, T. J. and Clinton, S. R. (1997b), "Information technology
influences on world class logistics capability", International Journal of Physical
Distribution & Logistics Management.

Collins, M. and Williams, L. (2014), "A three-stage filter for effective technology
selection", Research-Technology Management, Vol. 57 No. 3, pp. 36-42.

Cooper, M. C., Lambert, D. M. and Pagh, J. D. (1997), "Supply chain management:
more than a new name for logistics", The international journal of logistics
management, Vol. 8 No. 1, pp. 1-14.



204

Corley, K. G. and Gioia, D. A. (2011), "Building theory about theory building: what
constitutes a theoretical contribution?", Academy of management review, Vol. 36
No. 1, pp. 12-32.

Cormack, R. M. (1971), "A Review of Classification", Journal of the Royal Statistical
Society: Series A (General), Vol. 134 No. 3, pp. 321-353.

D'Antone, S. and Santos, J. B. (2016), "When purchasing professional services supports
innovation", Industrial Marketing Management, Vol. 58, pp. 172-186.

Das, A. and Narasimhan, R. (2001), "Process-technology fit and its implications for
manufacturing performance", Journal of Operations Management, Vol. 19 No. 5,
pp- 521-540.

Davenport, T. H. (1993), Process innovation: reengineering work through information
technology, Harvard Business Press, Boston, MA.

Davis, F. D. (1989), "Perceived Usefulness, Perceived Ease of Use, and User
Acceptance of Information Technology", MIS Quarterly, Vol. 13 No. 3, pp. 319-
340.

Delic, M., Eyers, D. R. and Mikulic, J. (2019), "Additive manufacturing: empirical
evidence for supply chain integration and performance from the automotive

industry", Supply Chain Management: An International Journal, Vol. 24 No. 5,
pp. 604-621.

Deming, W. E. (1953), "Statistical techniques in industry", Advanced Management, Vol.
18 No. 11, pp. 8-12.

Dewar, R. D. and Dutton, J. E. (1986), "The adoption of radical and incremental
innovations: An empirical analysis", Management science, Vol. 32 No. 11, pp.
1422-1433.

Dishaw, M. T. and Strong, D. M. (1999), "Extending the technology acceptance model
with task—technology fit constructs", Information & management, Vol. 36 No. 1,
pp. 9-21.

Dohale, V., Ambilkar, P., Gunasekaran, A. and Verma, P. (2021), "Supply chain risk
mitigation strategies during COVID-19: exploratory cases of “make-to-order”
handloom saree apparel industries", International Journal of Physical Distribution
& Logistics Management.

Donaldson, L. (2006), "The Contingency Theory of Organizational Design: Challenges
and Opportunities", in Burton, R. M., Hakonsson, D. D., Eriksen, B. and Snow, C.
C. (Eds.) Organization Design. Information and Organization Design Series,
Springer, Boston, MA, pp. 19-40.



205

Doty, D. H. and Glick, W. H. (1994), "Typologies as a unique form of theory building:
Toward improved understanding and modeling", Academy of management review,
Vol. 19 No. 2, pp. 230-251.

Doty, D. H., Glick, W. H. and Huber, G. P. (1993), "Fit, Equifinality, and Organizational
Effectiveness: A Test of Two Configurational Theories", The Academy of
Management Journal, Vol. 36 No. 6, pp. 1196-1250.

Drazin, R. and Van de Ven, A. H. (1985), "Alternative forms of fit in contingency
theory", Administrative science quarterly, Vol. 30 No. 4, pp. 514-539.

Easterby-Smith, M., Jaspersen, L. J., Thorpe, R. and Valizade, D. (2021), Management
and business research, Sage.

Eisenhardt, K. M. (1988), "Agency- and Institutional-Theory Explanations: The Case of
Retail Sales Compensation", Academy of Management Journal, Vol. 31 No. 3, pp.
488-511.

Eisenhardt, K. M. (1989a), "Agency Theory: An Assessment and Review", Academy of
Management Review, Vol. 14 No. 1, pp. 57-74.

Eisenhardt, K. M. (1989b), "Building theories from case study research", Academy of
management review, Vol. 14 No. 4, pp. 532-550.

Elhedhli, S. and Gzara, F. (2008), "Integrated design of supply chain networks with
three echelons, multiple commodities and technology selection", I/E Transactions,
Vol. 40 No. 1, pp. 31-44.

Engel, R., Krathu, W., Zapletal, M., Pichler, C., Bose, R. P. J. C., van der Aalst, W.,
Werthner, H. and Huemer, C. (2016), "Analyzing inter-organizational business

processes", Information Systems and e-Business Management, Vol. 14 No. 3, pp.
577-612.

Engelseth, P. and Wang, H. (2018), "Big data and connectivity in long-linked supply
chains", Journal of Business & Industrial Marketing, Vol. 33 No. 8, pp. 1201-
1208.

Essakly, A., Wichmann, M. and Spengler, T. S. (2019), "A reference framework for the
holistic evaluation of Industry 4.0 solutions for small-and medium-sized
enterprises", IFAC-PapersOnLine, Vol. 52 No. 13, pp. 427-432.

EBig, M., Hofmann, E. and Stolzle, W. (2013), Supply Chain Management. von Michael
Essig, Erik Hofmann u. Wolfgang Stélzle, Vahlen.

Falcone, E., Kent, J. and Fugate, B. (2019), "Supply chain technologies,
interorganizational network and firm performance: A case study of Alibaba Group
and Cainiao", International Journal of Physical Distribution & Logistics
Management, Vol. 50 No. 3, pp. 333-354.



206

Farooq, S. and O'Brien, C. (2012), "A technology selection framework for integrating
manufacturing within a supply chain", International Journal of Production
Research, Vol. 50 No. 11, pp. 2987-3010.

Farooq, S. and O'Brien, C. (2015), "An action research methodology for manufacturing
technology selection: a supply chain perspective", Production Planning &
Control, Vol. 26 No. 6, pp. 467-488.

Fatorachian, H. and Kazemi, H. (2021), "Impact of Industry 4.0 on supply chain
performance", Production Planning & Control, Vol. 32 No. 1, pp. 63-81.

Fawcett, S. E., Waller, M. A., Miller, J. W., Schwieterman, M. A., Hazen, B. T. and
Overstreet, R. E. (2014), "A Trail Guide to Publishing Success: Tips on Writing
Influential Conceptual, Qualitative, and Survey Research", Journal of Business
Logistics, Vol. 35 No. 1, pp. 1-16.

Fernando, Y., Chidambaram, R. R. M. and Wahyuni-Td, I. S. (2018), "The impact of
Big Data analytics and data security practices on service supply chain
performance", Benchmarking: An International Journal, Vol. 25 No. 9, pp. 4009-
4034.

Fiedler, F. E. (1964), "A contingency model of leadership effectiveness", Advances in
experimental social psychology, Vol. 1, pp. 149-190.

Fischer-Pressler, D., Eismann, K., Pietrowski, R., Fischbach, K. and Schoder, D. (2020),
"Information technology and risk management in supply chains", International
Journal of Physical Distribution & Logistics Management, Vol. 50 No. 2, pp. 233-
254.

Freeman, R. E. (2010), Strategic management: A stakeholder approach, Cambridge
university press.

Friedli, T. (2005), Technologiemanagement: Modelle zur Sicherung der
Wettbewerbsfihigkeit, Springer-Verlag.

Fu, J., Shang, R.-A., Jeyaraj, A., Sun, Y. and Hu, F. (2019), "Interaction between task
characteristics and technology affordances", Journal of Enterprise Information
Management, Vol. 33 No. 1, pp. 1-22.

Fuller, R. M. and Dennis, A. R. (2009), "Does fit matter? The impact of task-technology
fit and appropriation on team performance in repeated tasks", Information Systems
Research, Vol. 20 No. 1, pp. 2-17.

Galbraith, J. R. (1974), "Organization Design: An Information Processing View",
INFORMS Journal on Applied Analytics, Vol. 4 No. 3, pp. 28-36.

Garrido-Hidalgo, C., Olivares, T., Ramirez, F. J. and Roda-Sanchez, L. (2019a), "An
end-to-end Internet of Things solution for Reverse Supply Chain Management in
Industry 4.0", Computers in Industry, Vol. 112, p. 103127.



207

Garrido-Hidalgo, C., Olivares, T., Ramirez, F. J. and Roda-Sanchez, L. (2019b), "An
end-to-end Internet of Things solution for Reverse Supply Chain Management in
Industry 4.0", Computers in Industry, Vol. 112 No. 103127, pp. 1-13.

Gassmann, O., Frankenberger, K. and Sauer, R. (2016a), Exploring the field of business
model innovation. new theoretical perspectives. Oliver Gassmann, Karolin
Frankenberger, Roman Sauer, Palgrave Macmillan.

Gassmann, O., Frankenberger, K. and Sauer, R. (2016b), Exploring the field of business
model innovation: New theoretical perspectives., Springer Nature.

Geissbauer, R., Schrauf, S., Schneider, J. and Hermans, M. (2020), "Connected and
autonomous supply chain ecosystems 2025", PwC.

Georgantzas, N. C. and Shapiro, H. J. (1993), "Viable theoretical forms of synchronous
production innovation", Journal of Operations Management, Vol. 11 No. 2, pp.
161-183.

Ghadge, A., Kara, M. E., Moradlou, H. and Goswami, M. (2020), "The impact of
Industry 4.0 implementation on supply chains", Journal of Manufacturing
Technology Management, Vol. 31 No. 4, pp. 669-686.

Ghobadian, A., Han, T., Zhang, X., O'Regan, N., Troise, C., Bresciani, S. and
Narayanan, V. (2021), "COVID-19 Pandemic: The Interplay Between Firm
Disruption and Managerial Attention Focus", British Journal of Management.

Gioia, D. A., Corley, K. G. and Hamilton, A. L. (2013), "Seeking Qualitative Rigor in
Inductive Research:Notes on the Gioia Methodology", Organizational Research
Methods, Vol. 16 No. 1, pp. 15-31.

Goodhue, D. L. and Thompson, R. L. (1995), "Task-technology fit and individual
performance", MIS quarterly, Vol. 19 No. 2, pp. 213-236.

Gopalakrishnan, S. and Damanpour, F. (1997), "A review of innovation research in
economics, sociology and technology management", Omega, Vol. 25 No. 1, pp.
15-28.

Gorecki, P. and Pautsch, P. R. (2021), Lean management, Carl Hanser Verlag GmbH
Co KG.

Gregory, M. (1995), "Technology management: a process approach", Proceedings of
the Institution of Mechanical Engineers, Part B: Journal of Engineering
Manufacture, Vol. 209 No. 5, pp. 347-356.

Guba, E. G. and Lincoln, Y. S. (1994), "Competing paradigms in qualitative research",
Handbook of qualitative research, Vol. 2 No. 163-194, p. 105.



208

Gunasekaran, A. and Ngai, E. W. T. (2004), "Information systems in supply chain
integration and management", European Journal of Operational Research, Vol.
159 No. 2, pp. 269-295.

Gunasekaran, A., Yusuf, Y. Y., Adeleye, E. O. and Papadopoulos, T. (2018), "Agile
manufacturing practices: the role of big data and business analytics with multiple
case studies", International Journal of Production Research, Vol. 56 No. 1/2, pp.
385-397.

Haberfellner, R., de Weck, O., Fricke, E. and Vossner, S. (2012), Systems Engineering
- Grundlagen und Anwendung, Orell Fiissli Verlag AG, Ziirich.

Haberfellner, R., Nagel, P., Becker, M., Biichel, A. and von Massow, H. (2019), Systems
engineering, Springer.

Hair, J. F. (2009), "Multivariate data analysis".

Hammer, M. (1990), "Reengineering work: don't automate, obliterate", Harvard
business review, Vol. 68 No. 4, pp. 104-112.

Hammer, M. and Champy, J. (1993), Reengineering the corporation : a manifesto for
business revolution, HarperBusiness, New Y ork.

Hamzeh, R. and Xu, X. (2019), "Technology selection methods and applications in
manufacturing: A review from 1990 to 2017", Computers <& Industrial
Engineering, Vol. 138, p. 106123.

Handfield, R., Jeong, S. and Choi, T. (2019), "Emerging procurement technology: data
analytics and cognitive analytics", International Journal of Physical Distribution
& Logistics Management, Vol. 49 No. 10, pp. 972-1002.

Hassan, M., Ali, M., Aktas, E. and Alkayid, K. (2015), "Factors affecting selection
decision of auto-identification technology in warehouse management: an

international Delphi study", Production Planning & Control, Vol. 26 No. 12, pp.
1025-1049.

Heine, M. L., Grover, V. and Malhotra, M. K. (2003), "The relationship between
technology and performance: a meta-analysis of technology models", Omega, Vol.
31 No. 3, pp. 189-204.

Heller, F. (1997), "Sociotechnology and the environment", Human Relations, Vol. 50
No. 5, pp. 605-624.

Hellstrom, D. and Wiberg, M. (2010), "Improving inventory accuracy using RFID
technology: a case study", Assembly Automation, Vol. 30 No. 4, pp. 345-351.

Helo, P. and Shamsuzzoha, A. H. M. (2020), "Real-time supply chain—A blockchain
architecture for project deliveries", Robotics and Computer-Integrated
Manufacturing, Vol. 63 No. 101909, pp. 1-14.



209

Hevner, A. R. (2007), "A three cycle view of design science research", Scandinavian
journal of information systems, Vol. 19 No. 2, p. 4.

Hevner, A. R., March, S. T., Park, J. and Ram, S. (2004), "Design Science in Information
Systems Research", MIS Quarterly, Vol. 28 No. 1, pp. 75-105.

Hofmann, E., Sternberg, H., Chen, H., Pflaum, A. and Prockl, G. (2019), "Supply chain
management and Industry 4.0: conducting research in the digital age",

International Journal of Physical Distribution &amp, Logistics Management, Vol.
49 No. 10, pp. 945-955.

Holmgqvist, M. and Stefansson, G. (2006), "Smart Goods and Mobile RFID: A Case with
Innovation from Volvo", Journal of Business Logistics, Vol. 27 No. 2, pp. 251-
272.

Huan, S. H., Sheoran, S. K. and Wang, G. (2004), "A review and analysis of supply
chain operations reference (SCOR) model", Supply chain management: An
international Journal, Vol. 9 No. 1, pp. 23-29.

Huscroft, J. R., Hazen, B. T., Hall, D. J., Skipper, J. B. and Hanna, J. B. (2013), "Reverse
logistics: past research, current management issues, and future directions", The
International Journal of Logistics Management, Vol. 24 No. 3, pp. 304-327.

Jain, V. and Ajmera, P. (2020), "Modelling the enablers of industry 4.0 in the Indian
manufacturing industry", International Journal of Productivity and Performance
Management, Vol. 70 No. 6, pp. 1233-1262.

Jespersen, B. D. and Skjott-Larsen, T. (2005), Supply chain management: in theory and
practice, Copenhagen Business School Press, Copenhagen, Denmark.

Jeyaraj, A., Rottman, J. W. and Lacity, M. C. (2006), "A review of the predictors,
linkages, and biases in IT innovation adoption research", Journal of Information
Technology, Vol. 21 No. 1, pp. 1-23.

Junglas, 1., Abraham, C. and Watson, R. T. (2008), "Task-technology fit for mobile
locatable information systems", Decision support systems, Vol. 45 No. 4, pp. 1046-
1057.

Kajiiter, P. and Kulmala, H. 1. (2005), "Open-book accounting in networks: Potential
achievements and reasons for failures", Management Accounting Research, Vol.
16 No. 2, pp. 179-204.

Kamble, S. S., Gunasekaran, A. and Gawankar, S. A. (2018), "Sustainable Industry 4.0
framework: A systematic literature review identifying the current trends and future

perspectives", Process Safety and Environmental Protection, Vol. 117, pp. 408-
425.



210

Kaplan, S. (2008), "Cognition, Capabilities, and Incentives: Assessing Firm Response
to the Fiber-Optic Revolution", Academy of Management Journal, Vol. 51 No. 4,
pp. 672-695.

Kauremaa, J. and Tanskanen, K. (2016), "Designing interorganizational information
systems for supply chain integration: a framework", The International Journal of
Logistics Management, Vol. 27 No. 1, pp. 71-94.

Kessler, S. (2019), "AMAZON This company built one of the world’s most efficient
warehouses by embracing chaos", How it got there.

Khatri, J. and Srivastava, M. (2016), "Technology selection for sustainable supply
chains", [International Journal of Technology Management & Sustainable
Development, Vol. 15 No. 3, pp. 275-289.

Knight, K. E. (1967), "A descriptive model of the intra-firm innovation process", The
journal of business, Vol. 40 No. 4, pp. 478-496.

Kopfer, H., Kotzab, H., Corsten, D. and Felde, J. (2005), "Exploring the performance
effects of key-supplier collaboration", International Journal of Physical
Distribution & Logistics Management, Vol. 35 No. 6, pp. 445-461.

Kuei, C. H., Lin, C., Aheto, J. and Madu, C. N. (1994), "A strategic decision model for
the selection of advanced technology", International Journal of Production
Research, Vol. 32 No. 9, pp. 2117-2130.

Lai, Y., Sun, H. and Ren, J. (2018), "Understanding the determinants of big data
analytics (BDA) adoption in logistics and supply chain management: An empirical
investigation", The International Journal of Logistics Management, Vol. 29 No. 2,

pp. 676-703.

Lamming, R., Johnsen, T., Zheng, J. and Harland, C. (2000), "An initial classification
of supply networks", International Journal of Operations & Production
Management, Vol. 20 No. 6, pp. 675-691.

Lancioni, R. A., Smith, M. F. and Oliva, T. A. (2000), "The Role of the Internet in
Supply Chain Management", Industrial Marketing Management, Vol. 29 No. 1,
pp. 45-56.

Lancioni, R. A., Smith, M. F. and Schau, H. J. (2003), "Strategic Internet application
trends in supply chain management", Industrial Marketing Management, Vol. 32
No. 3, pp. 211-217.

Laursen, K. (2012), "Keep searching and you’ll find: what do we know about variety
creation through firms’ search activities for innovation?", Industrial and
Corporate Change, Vol. 21 No. 5, pp. 1181-1220.



211

Lee, E. A. (2008), "Cyber Physical Systems: Design Challenges", in 2008 11th IEEE
International Symposium on Object and Component-Oriented Real-Time
Distributed Computing (ISORC), pp. 363-3609.

Leveling, J., Edelbrock, M. and Otto, B. (2014), "Big data analytics for supply chain
management", in 2014 IEEE International Conference on Industrial Engineering
and Engineering Management, pp. 918-922.

Lianguang, C., Shong-lee Ivan, S. and Susanne, H. (2012), "Logistics Innovation in
China", Transportation Journal, Vol. 51 No. 1, pp. 98-117.

Liu, Z., Prajogo, D. and Oke, A. (2016), "Supply Chain Technologies: Linking
Adoption, Utilization, and Performance", Journal of Supply Chain Management,
Vol. 52 No. 4, pp. 22-41.

Lizarelli, F. L., de Toledo, J. C. and Alliprandini, D. H. (2021), "Relationship between
continuous improvement and innovation performance: an empirical study in

Brazilian manufacturing companies", Total Quality Management & Business
Excellence, Vol. 32 No. 9-10, pp. 981-1004.

Luo, B. N. and Yu, K. (2016), "Fits and misfits of supply chain flexibility to
environmental uncertainty", The International Journal of Logistics Management,
Vol. 27 No. 3, pp. 862-885.

Luu, D. (2020), "Industry 4.0: A Systematic Literature Review on Disruptive Supply
Chain Technologies", Institute of Supply Chain Management, St. Gallen,
University of St. Gallen.

March, S. T. and Smith, G. F. (1995), "Design and natural science research on
information technology", Decision Support Systems, Vol. 15 No. 4, pp. 251-266.

Marinagi, C., Trivellas, P. and Sakas, D. P. (2014), "The impact of information
technology on the development of supply chain competitive advantage", Procedia-
Social and Behavioral Sciences, Vol. 147, pp. 586-591.

Mattern, F. and Floerkemeier, C. (2010), "From the Internet of Computers to the Internet
of Things", in Sachs, K., Petrov, 1. and Guerrero, P. (Eds.) From Active Data
Management to Event-Based Systems and More, Springer, Berlin, Heidelberg, pp.
242-259.

Mell, P. and Grance, T. (2011), "The NIST Definition of Cloud Computing", National
Institute of Standards and Technology.

Mentzer, J. T., DeWitt, W., Keebler, J. S., Min, S., Nix, N. W., Smith, C. D. and
Zacharia, Z. G. (2001), "Defining supply chain management", Journal of Business
logistics, Vol. 22 No. 2, pp. 1-25.

Meredith, J. (1998), "Building operations management theory through case and field
research", Journal of operations management, Vol. 16 No. 4, pp. 441-454.



212

Meyer, G. G., Buijs, P., Szirbik, N. B. and Wortmann, J. C. (2014), "Intelligent products
for enhancing the utilization of tracking technology in transportation",
International Journal of Operations & Production Management, Vol. 34 No. 4,

pp. 422-446.

Miles, J. (2004), "The effectiveness of contingency plans as a solution to the agency
principal problem", Ann Arbor, Ml Capella University.

Milligan, G. W. (1981), "A Review Of Monte Carlo Tests Of Cluster Analysis",
Multivariate Behavioral Research, Vol. 16 No. 3, pp. 379-407.

Mintzberg, H. (1979), The structure of organizations: A synthesis of the research,
Prentice-Hall.

Mitchell, R. K., Agle, B. R. and Wood, D. J. (1997), "Toward a Theory of Stakeholder
Identification and Salience: Defining the Principle of who and What Really
Counts", Academy of Management Review, Vol. 22 No. 4, pp. 853-886.

Morenza-Cinos, M., Casamayor-Pujol, V. and Pous, R. (2019), "Stock visibility for
retail using an RFID robot", International Journal of Physical Distribution &
Logistics Management, Vol. 49 No. 10, pp. 1020-1042.

Naik, B. and Chakravarty, A. K. (1992), "Strategic acquisition of new manufacturing
technology: a review and research framework", International Journal of
Production Research, Vol. 30 No. 7, pp. 1575-1601.

Narasimhan, R. and Narayanan, S. (2013), "Perspectives on supply network—enabled
innovations", Journal of Supply Chain Management, Vol. 49 No. 4, pp. 27-42.

Narayanan, S., Marucheck, A. S. and Handfield, R. B. (2009), "Electronic Data
Interchange: Research Review and Future Directions*", Decision Sciences, Vol.
40 No. 1, pp. 121-163.

Nickerson, R. C., Varshney, U. and Muntermann, J. (2013), "A method for taxonomy
development and its application in information systems", European Journal of
Information Systems, Vol. 22 No. 3, pp. 336-359.

Nooteboom, B. (1994), "Innovation and diffusion in small firms: Theory and evidence",
Small Business Economics, Vol. 6 No. 5, pp. 327-347.

Nuss, C., Sahamie, R. and Stindt, D. (2015), "The reverse supply chain planning matrix:
A classification scheme for planning problems in reverse logistics", International
Journal of Management Reviews, Vol. 17 No. 4, pp. 413-436.

Ocasio, W. (1997), "Towards an attention-based view of the firm", Strategic
management journal, Vol. 18 No. S1, pp. 187-206.

Ocasio, W. and Joseph, J. (2005), "An Attention-Based Theory of Strategy Formulation:
Linking Micro- and Macroperspectives in Strategy Processes", in Szulanski, G.,



213

Porac, J. and Doz, Y. (Eds.) Strategy Process, Emerald Group Publishing Limited,
pp. 39-61.

Oh, J., Cho, N. W., Kim, H., Min, Y. and Kang, S.-H. (2011), "Dynamic execution
planning for reliable collaborative business processes", Information Sciences, Vol.
181 No. 2, pp. 351-361.

Ojasalo, J. (2004), "Key network management", Industrial Marketing Management,
Vol. 33 No. 3, pp. 195-205.

Otley, D. T. (1992), "The contingency theory of management accounting: achievement
and prognosis", in Emmanuel, C., Otley, D. and Merchant, K. (Eds.) Readings in
Accounting for Management Control, Springer US, Boston, MA, pp. 83-106.

Pagell, M., Handfield, R. B. and Barber, A. E. (2000), "Effects Of Operational
Employee Skills On Advanced Manufacturing Technology Performance",
Production and Operations Management, Vol. 9 No. 3, pp. 222-238.

Paliwal, V., Chandra, S. and Sharma, S. (2020), "Blockchain Technology for
Sustainable Supply Chain Management: A Systematic Literature Review and a
Classification Framework", Sustainability, Vol. 12 No. 18, p. 7638.

Pankow, G. (2019), "Prestigeprojekt am Ende: Adidas schlieBt Speed-Factory",
Produktion.

Perales, D. P., Verdecho, M.-J. and Alarcon-Valero, F. (2019), "Enhancing the
sustainability performance of Agri-Food Supply Chains by implementing Industry
4.0", in Working conference on virtual enterprises, pp. 496-503.

Porter, M. E. and Ketels, C. H. (2003), "UK competitiveness: moving to the next stage",
DTI Economics Paper, Vol. 3.

Premkumar, G., Ramamurthy, K. and Saunders, C. S. (2005), "Information Processing
View of Organizations: An Exploratory Examination of Fit in the Context of
Interorganizational Relationships", Journal of Management Information Systems,
Vol. 22 No. 1, pp. 257-294.

Punj, G. and Stewart, D. W. (1983), "Cluster Analysis in Marketing Research: Review
and Suggestions for Application", Journal of Marketing Research, Vol. 20 No. 2,
pp. 134-148.

Raafat, F. (2002), "A comprehensive bibliography on justification of advanced
manufacturing systems", International Journal of Production Economics, Vol. 79

No. 3, pp. 197-208.

Radnejad, A. B. and Vredenburg, H. (2019), "Disruptive technological process
innovation in a process-oriented industry: A case study", Journal of Engineering
and Technology Management, Vol. 53, pp. 63-79.



214

Ratna, S., Astuti, E. S., Utami, H. N., Rahardjo, K. and Arifin, Z. (2018),
"Characteristics of tasks and technology as a driver of task-technology fit and the
use of the hotel reservation information system", VINE Journal of Information and
Knowledge Management Systems, Vol. 48 No. 4, pp. 579-595.

Reimann, F. and Ketchen, D. (2017), "Power in Supply Chain Management", Journal
of Supply Chain Management, Vol. 53 No. 2, pp. 3-9.

Remenyi, D., Williams, B., Money, A. and Swartz, E. (1998), Doing research in
business and management: an introduction to process and method, Sage.

Ribeiro, 1., Kaufmann, J., Schmidt, A., Pecas, P., Henriques, E. and Gétze, U. (2016),
"Fostering selection of sustainable manufacturing technologies—a case study
involving product design, supply chain and life cycle performance", Journal of
Cleaner Production, Vol. 112, pp. 3306-3319.

Roeck, D., Sternberg, H. and Hofmann, E. (2019), "Distributed ledger technology in
supply chains: a transaction cost perspective", International Journal of Production
Research, Vol. 58 No. 7, pp. 2124-2141.

Roeck, D., Sternberg, H. and Hofmann, E. (2020), "Distributed ledger technology in
supply chains: a transaction cost perspective", International Journal of Production
Research, Vol. 58 No. 7, pp. 2124-2141.

Rogers, E. M. (2010), Diffusion of innovations, Simon and Schuster.

Rohrbeck, R., Battistella, C. and Huizingh, E. (2015), "Corporate foresight: An
emerging field with a rich tradition", Technological Forecasting and Social
Change, Vol. 101, pp. 1-9.

Rummler, G. A. and Ramias, A. J. (2010a), "A framework for defining and designing
the structure of work", in Vom Brocke, J. and Rosemann, M. (Eds.) Handbook on
Business Process Management 1. International Handbooks on Information
Systems, Springer, Berlin, pp. 83-106.

Rummler, G. A. and Ramias, A. J. (2010b), "A framework for defining and designing
the structure of work", Handbook on Business Process Management 1, Springer,
pp- 83-106.

Sandstrom, C. G. (2016), "The non-disruptive emergence of an ecosystem for 3D
Printing — Insights from the hearing aid industry's transition 1989-2008",
Technological Forecasting and Social Change, Vol. 102, pp. 160-168.

Saunders, M., Lewis, P. and Thornhill, A. (2009), Research methods for business
students, Pearson education.

Scannell, T. V., Vickery, S. K. and Droge, C. L. (2000), "Upstream supply chain
management and competitive performance in the automotive supply industry",
Journal of Business Logistics, Vol. 21 No. 1, p. 23.



215

Scheiner, C. W., Baccarella, C. V., Bessant, J. and Voigt, K.-I. (2015), "Thinking
patterns and gut feeling in technology identification and evaluation",
Technological Forecasting and Social Change, Vol. 101, pp. 112-123.

Selensky, S. (2021), "Towards a process-technology fit in supply chain management —
a theory-driven approach to understanding Industry 4.0", in The 33rd Annual
NOFOMA Conference, Virtual conference.

Selensky, S. and Hofmann, E. (2020a), " Erfolgsfaktor Technologieauswahl", Logistik
Heute, HUSS-Verlag pp. 34-35.

Selensky, S. and Hofmann, E. (2020b), "Technology selection in supply chain
management-Influencing factors and success practices", NOFOMA 2020: The
32nd annual conference of The Nordic Logistics Research Network (NOFOMA),

Virtual conference, p. 20.

Selensky, S. and Hofmann, E. (2021), "A Deep Dive into the Anatomy of Process
Innovation — Towards a Taxonomy of Supply Chain Task Innovations", European
Research Seminar, Virtual Conference.

Shewhart, W. A. and Deming, W. E. (1986), Statistical method from the viewpoint of
quality control, Courier Corporation.

Siawsh, N., Peszynski, K., Young, L. and Vo-Tran, H. (2021), "Exploring the role of
power on procurement and supply chain management systems in a humanitarian

organisation: a socio-technical systems view", International Journal of Production
Research, Vol. 59 No. 12, pp. 3591-3616.

Singh, N. and Sushil (1990), "Technology selection models for multi-stage production
systems: Joint application of physical system theory and mathematical
programming", European Journal of Operational Research, Vol. 47 No. 2, pp.
248-261.

Skjott-Larsen, T., Schary, P. B., Kotzab, H. and Mikkola, J. H. (2007), Managing the
global supply chain, Copenhagen Business School Press DK.

Son, Y. K. (1992), "A comprehensive bibliography on justification of advanced
manufacturing technologies", The Engineering Economist, Vol. 38 No. 1, pp. 59-
71.

Sony, M. and Naik, S. (2020), "Industry 4.0 integration with socio-technical systems
theory: A systematic review and proposed theoretical model", Technology in
Society, Vol. 61, p. 101248.

Sousa, R. and Voss, C. A. (2008), "Contingency research in operations management
practices", Journal of Operations Management, Vol. 26 No. 6, pp. 697-713.

Stolzle, W. (1999), Industrial Relationships, Oldenbourg, Miinchen.



216

Szopinski, D., Schoormann, T. and Kundisch, D. (2019), "Because Your Taxonomy is
Worth IT: towards a Framework for Taxonomy Evaluation", in 27th European
Conference on Information Systems (ECIS), Uppsala, Sweden.

Talatappeh, S. S. and Lakzi, A. (2020), "Developing a model for investigating the
impact of cloud-based systems on green supply chain management", Journal of
Engineering, Design and Technology, Vol. 18 No. 4, pp. 741-760.

Thomassen, M. K., Sjebakk, B. and Alfnes, E. (2014), "A strategic approach for
automation technology initiatives selection", in IFIP International Conference on
Advances in Production Management Systems, pp. 288-295.

Tidd, J. (2001), "Innovation management in context: environment, organization and
performance", International Journal of Management Reviews, Vol. 3 No. 3, pp.
169-183.

Tsolakis, N., Bechtsis, D. and Srai, J. S. (2019), "Intelligent autonomous vehicles in
digital supply chains: From conceptualisation, to simulation modelling, to real-
world operations", Business Process Management Journal, Vol. 25 No. 3, pp. 414-
437.

Tu, M. (2018), "An exploratory study of Internet of Things (IoT) adoption intention in
logistics and supply chain management: A mixed research approach", The
International Journal of Logistics Management, Vol. 29 No. 1, pp. 131-151.

Tushman, M. L. and Nadler, D. A. (1978), "Information Processing as an Integrating
Concept in Organizational Design", Academy of Management Review, Vol. 3 No.
3, pp. 613-624.

Un, C. A. and Asakawa, K. (2015), "Types of R&D collaborations and process
innovation: The benefit of collaborating upstream in the knowledge chain",
Journal of Product Innovation Management, Vol. 32 No. 1, pp. 138-153.

Van de Ven, A. H. and Drazin, R. (1984), "The concept of fit in contingency theory",
Minnesota University, Minneapolis Strategic Management Research Center.

Van der Aalst, W. (2013), "Business Process Management: A Comprehensive Survey",
ISRN Software Engineering, pp. 1-37.

van Hoek, R. (2019a), "Developing a framework for considering blockchain pilots in
the supply chain — lessons from early industry adopters", Supply Chain
Management: An International Journal, Vol. 25 No. 1, pp. 115-121.

van Hoek, R. (2019b), "Exploring blockchain implementation in the supply chain:
Learning from pioneers and RFID research", International Journal of Operations
& Production Management, Vol. 39 No. 6/7/8, pp. 829-859.



217

Vanpoucke, E., Boyer, K. K. and Vereecke, A. (2009), "Supply chain information flow
strategies: an empirical taxonomy", [nternational Journal of Operations &
Production Management, Vol. 29 No. 12, pp. 1213-1241.

Vijayasarathy, L. R. (2010), "An investigation of moderators of the link between
technology use in the supply chain and supply chain performance", Information &
Management, Vol. 47 No. 7-8, pp. 364-371.

Vishnevskiy, K., Karasev, O. and Meissner, D. (2015), "Integrated roadmaps and
corporate foresight as tools of innovation management: the case of Russian
companies", Technological Forecasting and Social Change, Vol. 90, pp. 433-443.

Vom Brocke, J. and Rosemann, M. (2014), Handbook on business process management
1: Introduction, methods, and information systems, Springer, Heidelberg.

vom Brocke, J., Simons, A., Riemer, K., Niechaves, B. and Platfaut, R. (2015), "Standing
on the Shoulders of Giants: Challenges and Recommendations of Literature Search
in Information Systems Research", Communications of the Association for
Information Systems, Vol. 37 No. 1, pp. 205-224.

Voss, C. (1995), "Alternative paradigms for manufacturing strategy", International
Journal of Operations &amp,; Production Management, Vol. 15 No. 4, pp. 5-16.

Voss, C., Tsikriktsis, N. and Frohlich, M. (2002), "Case research in operations
management", [International Journal of Operations &amp, Production
Management, Vol. 22 No. 2, pp. 195-219.

Vu, N., Ghadge, A. and Bourlakis, M. (2021), "Blockchain adoption in food supply
chains: a review and implementation framework", Production Planning &
Control, pp. 1-18.

Wagner, S. M. and Bode, C. (2014), "Supplier relationship-specific investments and the
role of safeguards for supplier innovation sharing", Journal of Operations
Management, Vol. 32 No. 3, pp. 65-78.

Wallenburg, C. M., Johne, D., Cichosz, M., Goldsby, T. J. and Knemeyer, A. M. (2019),
"Alignment mechanisms for supplier-initiated innovation: Results from the
logistics service industry", Journal of Purchasing and Supply Management, Vol.
25 No. 5, p. 100575.

Walton, S. V. and Gupta, J. N. (1999), "Electronic data interchange for process change
in an integrated supply chain", International Journal of Operations & Production
Management, Vol. 19 No. 4, pp. 372-388.

Wamba, S. F. (2012), "Achieving supply chain integration using RFID technologyThe
case of emerging intelligent B-to-B e-commerce processes in a living laboratory",
Business Process Management Journal, Vol. 18 No. 1, pp. 58-81.



218

Wang, Y.-M., Wang, Y .-S. and Yang, Y.-F. (2010), "Understanding the determinants of
RFID adoption in the manufacturing industry", Technological Forecasting and
Social Change, Vol. 77 No. 5, pp. 803-815.

Wang, Y., Singgih, M., Wang, J. and Rit, M. (2019), "Making sense of blockchain
technology: How will it transform supply chains?", International Journal of
Production Economics, Vol. 211, pp. 221-236.

Weill, P. and Olson, M. H. (1989), "An assessment of the contingency theory of
management information systems", Journal of management information systems,
Vol. 6 No. 1, pp. 59-86.

Weske, M. (2007), Business process management architectures, Springer, Berlin.

Wilhelm, M. M., Blome, C., Bhakoo, V. and Paulraj, A. (2016), "Sustainability in multi-
tier supply chains: Understanding the double agency role of the first-tier supplier",
Journal of Operations Management, Vol. 41, pp. 42-60.

Willner, O., Powell, D., Gerschberger, M. and Schonsleben, P. (2016), "Exploring the
archetypes of engineer-to-order: an empirical analysis", International Journal of
Operations &amp, Production Management, Vol. 36 No. 3, pp. 242-264.

Winkelhaus, S. and Grosse, E. H. (2019a), "Logistics 4.0: a systematic review towards
a new logistics system", International Journal of Production Research, pp. 1-26.

Winkelhaus, S. and Grosse, E. H. (2019b), "Logistics 4.0: a systematic review towards
a new logistics system", International Journal of Production Research, Vol. 58
No. 1, pp. 18-43.

Winter, R. and Aier, S. (2016), "Design Science Research in Business Innovation", in
Hoffmann, C. P., Lennerts, S., Schmitz, C., Stolzle, W. and Uebernickel, F. (Eds.)
Business Innovation: Das St. Galler Modell, Springer Fachmedien Wiesbaden,
Wiesbaden, pp. 475-498.

Wollenburg, J., Hiibner, A., Kuhn, H. and Trautrims, A. (2018), "From bricks-and-
mortar to bricks-and-clicks", International Journal of Physical Distribution &
Logistics Management, Vol. 48 No. 4, pp. 415-438.

Wong, C. Y. and Boon-itt, S. (2008), "The influence of institutional norms and
environmental uncertainty on supply chain integration in the Thai automotive

industry", International Journal of Production Economics, Vol. 115 No. 2, pp.
400-410.

Wong, C. Y., Boon-itt, S. and Wong, C. W. Y. (2011), "The contingency effects of
environmental uncertainty on the relationship between supply chain integration

and operational performance", Journal of Operations Management, Vol. 29 No. 6,
pp. 604-615.



219

Wong, D. T. and Ngai, E. W. (2019), "Critical review of supply chain innovation
research (1999-2016)", Industrial Marketing Management, Vol. 82, pp. 158-187.

Wu, Y., Cegielski, C. G., Hazen, B. T. and Hall, D. J. (2013), "Cloud Computing in
Support of Supply Chain Information System Infrastructure: Understanding When
to go to the Cloud", Journal of Supply Chain Management, Vol. 49 No. 3, pp. 25-
41.

Xia, D., Yu, Q., Gao, Q. and Cheng, G. (2017), "Sustainable technology selection
decision-making model for enterprise in supply chain: Based on a modified
strategic balanced scorecard", Journal of cleaner production, Vol. 141, pp. 1337-
1348.

Xu, M., Chen, X. and Kou, G. (2019), "A systematic review of blockchain", Financial
Innovation, Vol. 5 No. 1, pp. 1-14.

Yang, C.-S. (2019), "Maritime shipping digitalization: Blockchain-based technology
applications, future improvements, and intention to use", Transportation Research
Part E: Logistics and Transportation Review, Vol. 131, pp. 108-117.

Yin, R. K. (2018), Case study research and applications. design and methods. Robert
K. Yin, SAGE.

Zelt, S., Schmiedel, T. and vom Brocke, J. (2018), "Understanding the nature of
processes: an information-processing perspective", Business Process Management
Journal, Vol. 24 No. 1, pp. 67-88.

Zhang, C. and Dhaliwal, J. (2009), "An investigation of resource-based and institutional
theoretic factors in technology adoption for operations and supply chain
management", International Journal Of Production Economics, Vol. 120 No. 1,
pp. 252-269.

Zhu, K., Kraemer, K. L. and Xu, S. (2006), "The process of innovation assimilation by
firms in different countries: a technology diffusion perspective on e-business",
Management science, Vol. 52 No. 10, pp. 1557-1576.

Zigurs, 1. and Buckland, B. K. (1998), "A Theory of Task/Technology Fit and Group
Support Systems Effectiveness", MIS Quarterly, Vol. 22 No. 3, pp. 313-334.



Study C — Appendix 1. Sources used during dataset creation (most important)

220

Source

Comment / Information

https://industrie-4-0.ul.com/use-cases-page/

Company website providing Industry 4.0 use-cases

https://www.plattform-i40.de/P140/Naviga-
tion/Karte/SiteGlobals/Forms/Formu-

lare/EN/map-use-cases-formular.html

German platform providing Industry 4.0 use-cases

http://www.industrie2025.ch/

Swiss platform providing Industry 4.0 use-cases

https:/plattformindustrie40.at/category/cas-

estudies/

Austrian platform providing Industry 4.0 use-cases

https://www.iiconsortium.org/case-studies/in-

dex.htm

American platform providing Industry 4.0 use-cases

https://medium.com/@viarbox/examples-of-in-
dustry-4-0-use-cases-728938147570

Article providing Industry 4.0 use-cases

http://usecase.jmfrri.jp/#/en

Japanese platform providing Industry 4.0 use-cases

http://exemples-aif.industrie-dufutur.org/

French platform providing Industry 4.0 use-cases

https://Ini40.de/umsetzung/usecases/

Association website providing Industry 4.0 use-cases

https://www.smartindustry.nl/wiki-smart-indus-

try/voorbeelden-van-ondernemers/

Dutch platform providing Industry 4.0 use-cases

https://www.fraunhofer.de/de/forschung/for-
schungsfelder/produktion-dienstleistung/indus-
trie-4-0.html

Fraunhofer Institut website providing Industry 4.0 use-cases

https://www.iotone.com/

International collection of Industry 4.0 use-cases

https://medium.com/groveventures/mapping-
the-israeli-industry-4-0-ecosystem-
224£8e350cfa

Platform collecting IIOT startups in Israel

https://medium.com/xangevc/mapping-of-euro-

pean-industrial-iot-startups-42deca229d80

Platform collecting IIOT startups in Europe

http://dfkoz.com/iot-landscape/

List of IoT startups

https://www.industrie40award.de/

Awarded companies for Industry 4.0 deployment in Germany

http://www.vdma.org/docu-
ments/4214230/5356229/Indus-
trie%204.0%20konkret%202016/9912bla7-
be6b-4£32-a132-79aef5b8allc

Publication on Industry 4.0 use-cases

https://www.bremen-innova-

tiv.de/2018/06/beispiele-digitalisierung/

Collection of innovative Industry 4.0 solutions in Germany

https://amfg.ai/2019/03/28/industry-4-0-7-real-

world-examples-of-digital-manufacturing-in-

action/

Examples of additive manufacturing deployment in Britain
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Study C — Appendix 3. Detailed composition of resulting clusters
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