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Preface

Today’s global, digital economy requires a holistic view on digitalization and has
become central for all non-profit and for-profit institutions. In this special issue,
we address key digitalization challenges from company, institutional, industry, and
societal perspectives and how these can create our common innovation future.

This special volume presents current academic research and practical findings,
covering the field of digitalization. Included contributions are (1) The Evolution of
Digital Transformation; (2) Skills and Knowledges expected in Digital Transfor-
mation’s era; (3) Digital Transformation of Business Model: The Case of Israeli
HealthTech; (4) Digital business models and financial performance: On the impor-
tance of business renewal; (5) Digital Innovations and transformation in the Public
Sector of Panama; (6) Platform-Based Interorganizational Learning for Business
Model Innovation: Case Study AgilHybrid; (7) Data-Driven Foresight in Life Cycle
Management: An interview study; (8) Digital disruption — how medical doctors
employ influencer marketing strategies; (9) The transformation of the accounting
profession within a digitalized economy and the impact on accounting education;
and (10) SMEs’ Innovation Leveraged by Digital Transformation During Covid-19.

We hope that the Special Issue stimulates an intensive discussion between scien-
tists, lecturers, and students from the fields of digitalization and disruption, and that
the content will be used in research and teaching. We wish practitioners from the
areas of management, strategic planning, and business development to be able to
apply the insights to successfully practice digitalization and thus take advantage of
the digital potential within their business model and industry.

The editors will like to thank the Springer team and everyone who was involved in
the typesetting and design. In particular, we like to thank Mr. Prashanth Mahagaonkar
from Springer, and our research assistant at the University of Applied Sciences Neu-
Ulm, Verena Mattes, for their valuable input and for their willingness to be at our
side with advice and action at any time.
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On behalf of all authors, we wish the readers of the compilation a great deal of
knowledge and success in their work on digitalization.

Neu-Ulm, Germany Prof. Dr. Daniel Schallmo
Frederiksberg, Denmark Prof. Dr. Abayomi Baiyere
Aalborg, Denmark Prof. Dr. Frank Gertsen
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Augsburg, Germany Prof. Dr. Christopher A. Williams

October 2023



Contents

The Evolution of Digital Transformation .......................

Cheng Gong, Xavier Parisot, and Detlef Reis

Skills and Knowledges Expected in Digital Transformation’s Era
Antonios Kargas, Elena C. Gkika, Dimitris Papakyriakopoulos,
Faidon Komisopoulos, and Spyridon Filios

Digital Transformation of Business Model: The Case of Israeli

HealthTech .......... ... ... .. . . . . . .

Tal Berman, Daniel Schallmo, and Christopher A. Willams

Digital Business Models and Financial Performance: On

the Importance of Business Renewal ..........................

Minna Saunila, Juhani Ukko, Tero Rantala, Mira Holopainen,
and Mina Nasiri

Digital Innovations and Transformation in the Public Sector

of Panama ............. ... ..

Laura Martinez

Platform-Based Interorganizational Learning for Business Model

Innovation: Case Study AgilHybrid ...........................

Thomas Trabert, Caroline Grof3e, Sebastian Beiner, Tobias Gocke,
Claudia Lehmann, and Steffen Kinkel

Data-Driven Foresight in Life Cycle Management: An Interview

Study . ...

Marie Scheuffele, Niklas Bayrle-Kelso, and Leo Brecht

Digital Disruption—How Medical Doctors Employ Influencer

Marketing Strategies ............. . ... ... . ...,

Andrea Kanzler

vii



viii Contents

The Transformation of the Accounting Profession Within
a Digitalized Economy and the Impact on Accounting Education . ...... 173
Sofia Asonitou

SMEs Innovation Leveraged by Digital Transformation During
Covid-19 ... 185
Elaine Mosconi and Caroline Blais



The Evolution of Digital Transformation )

Check for
updates

Cheng Gong®, Xavier Parisot, and Detlef Reis

Abstract The evolution of digital transformation (DT) poses a significant challenge
for organizations worldwide, representing both disruptive difficulties and tremendous
opportunities for renewing value offerings, business models, and organizational prac-
tices. Touse DT as an impetus for positive change, however, it is critical that scholars
and practitioners have a clear, unified understanding of the concept. We structure our
discussion as follows: Sect. 1 of this chapter discusses the confusion around the
concept “digital transformation” and its related concepts (i.e., digitization, digital-
ization). Section 2 presents the etymology of these three concepts’, leading to a
discussion of the main etymological reasons behind the confusion. In the Sect. 3,
we explore the historical use of these concepts in the pertinent literature; we reveal
how scholars have interpreted the concepts inconsistently and associated them with
a myriad of different realities/phenomena. Section 4 introduces a concept forma-
tion and assessment methodology to lay the theoretical foundation of how concepts
can be analyzed and assessed. Section 5 offers a collection of existing definitions
of digitization, digitalization, and digital transformation that we selected to analyze
their defining attributes. We present a detailed example of how we systematically
analyzed and assessed digitization’s historical defining attributes. We then report the
results of the same analysis for digitalization and digital transformation to assuage
the “fuzziness” issue associated with these concepts. Section 6 sums up and discusses
our findings that we hope will inspire academics and practitioners to use these terms
carefully and consistently.

Keywords Digital transformation - Digitalization * Digitization + Concept
evolution + Reconceptualization

C. Gong (X)) - X. Parisot - D. Reis

The Institute for Knowledge and Innovation, South-East Asia (IKI-SEA), Bangkok University,
Bangkok 10110, Thailand

e-mail: cheng.gong.lisa@foxmail.com

X. Parisot
e-mail: xavier.p@bu.ac.th

D. Reis
e-mail: detlef.r@bu.ac.th

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 1
D. Schallmo et al. (eds.), Digital Disruption and Transformation, Springer Proceedings
in Business and Economics, https://doi.org/10.1007/978-3-031-47888-8_1


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-47888-8_1&domain=pdf
http://orcid.org/0000-0002-1312-0613
mailto:cheng.gong.lisa@foxmail.com
mailto:xavier.p@bu.ac.th
mailto:detlef.r@bu.ac.th
https://doi.org/10.1007/978-3-031-47888-8_1

2 C. Gong et al.

1 Introduction

World Economic Forum (2017) acknowledged digital transformation as one of the
world’s most pressing challenges for most organizations. Digital transformation (DT)
is challenging how organizations can better meet evolving customer expectations,
deliver their value propositions, and respond to a changing living and working envi-
ronment. The growing penetration of digital technologies in the market inevitably
drives organizations to rethink their value chain and draw up a roadmap to success-
fully embark on the “going digital”’-journey. While there is general agreement on its
growing importance to an organization’s success, the inconsistent use of the term
“digital transformation” in academia and business practice generates confusion.

On the academic front, the definitional inconsistency of digital transformation and
its related terms (e.g., digitization, digitalization) and the theoretical inconsistency of
its implications at multiple levels of analysis hamper the betterment of research. The
co-existence of numerous conflicting definitions has rendered these terms meaning-
less. It creates difficulties in developing a consistent stream of research that builds on
what has been done before, thus making it more complicated to define and test rela-
tionships for digital transformation theory building (Gong and Ribiere 2021). The
vagueness in the literature demonstrates a lack of a comprehensive, unified under-
standing of digital transformation (Goerzig and Bauernhansl 2018; Haffke et al.
2016; Matt et al. 2015; Morakanyane et al. 2017; Van Veldhoven and Vanthienen
2019). This lack of a homogeneous interpretation of the concept is detrimental to
research synergy, leading to wildly contradictory and incompatible research findings
unfit to guide business practice.

On the practical front, digital transformation appears to be one of the top priorities
on business leaders’ agendas (Sundblad 2020). However, a McKinsey (2018) study
found that the success rate for implementing DT in organizations is less than 30%;
moreover, among those organizations reporting a successful implementation, only
23% improved their organizational performance, and in only 7% of cases were these
improvements deemed sustainable. The success rates do not exceed 26% in digi-
tally savvy industries (e.g., high tech, media, and telecom) and fall between 4 and
11% in more traditional industries (e.g., oil and gas, automotive, infrastructure, and
pharmaceuticals; De la Boutetiere et al. 2018). IBM claims that successful digital
transformation took around four years and observed that 85% of efforts fail (Gibson
2018). Moreover, Gartner (2019) predicted that through 2021, digital transformation
initiatives would take large traditional organizations, on average, twice as long and
cost twice as much as initially anticipated.

Leaders and executives using the term DT inconsistently to describe various strate-
gizing and organizing activities (Warner and Wager 2019) may risk blurring the
distinct direction of organizational strategic moves (e.g., aiming for incremental
vs. radical changes). Having an unclear DT vision challenges C-suite managers in
claiming authority and clearly defining job responsibility for digital-related projects
at the organizational level. Having diverse interpretations of DT makes it harder
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to benchmark one’s performance against other organizations and industries on DT
metrics and best practices at the industrial level.

2 Concepts’ Etymology

Exploring the etymology of a term is crucial in concept formation since it reveals all
the historical connotations contained in a particular term and opens up “a whole new
understanding of the true reality” (Eriksson 2010, p. 5). Indeed, the origin, deriva-
tion, and historical evolution of a term explain the multivalence of its meanings, i.e.,
the multiplicity of its definitions (Gerring 1999). This definitional plurality gener-
ates a halo of meanings that can affect how common people, managers, and scholars
understand a concept “at first sight.” Therefore, a comparison between the existing
meanings and the one retained for the conceptual definition is informative in concept
formation studies (Eriksson 2010). It helps discriminate between the terms’ histor-
ical meanings, the actual meanings shared in common languages, and the meaning
chosen by scholars. Moreover, the diversity of accepted meanings in the common
language helps understand the size and scope of the term’s “halo effect” (Dumez
2011) chosen to denominate the concept. The meaning of the term(s) chosen in
the seminal definition(s) also determines what kinds of empirical cases the concept
applies to, how far this application should go, and where it should stop. In other
words, the concept’s meaning determines its empirical domain of validity.

The words digital and digitize share a common Latin root: “digit.” This term
emerged in ancient Latin (1st Century BC) digitus originally means “finger or toes,”
and evolved into modern Latin (since about 1500) digitalis means “fingers.” The
modern use of the term “digital” as an adjective, meaning “of signals, information,
or data: represented by series of discrete values (commonly the numbers 0 and 1),
typically for electronic storage or processing” started from 1940 (OED 2010). George
Stibitz first used the term in 1942 in the expression “digital computer” as a counterpart
to the analog (Aspray 2000). “Digital” also means “of a computer or calculator: that
operates on data in digital form; (of a storage medium) that stores digital data” (since
1945); “of technologies, media, etc.: involving digital data; making use of digital
computers or devices” (since 1948; OED 2010). These historical meanings of the
word “digital” laid the foundation of the modern use of the verb “digitize,” referring
to “converting into a sequence of digits in computer programming, moving from
analog number to electronic digits” (since 1953; “Online Etymology Dictionary”
n.d).

Etymologically, the word “digitization” is clearly rooted in the verb “digitize,”
while the word “digitalization” comes from the same Latin root “digital,” which
serves as one component of the concept “digital transformation.” This etymological
word commonality inevitably generates confusion between the meanings of these
terms, which leads to an interchangeable use of the different terms in both academia
and practice. All the concepts discussed above are using common language terms
for their concept formation. The multivalent meanings of these terms also blur the
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Fig. 1 Etymology of digitization, digitalization, and digital transformation (Source Own illustra-
tion)

specificities of each concept. Therefore, discrimination between digitization, digi-
talization, and digital transformation is more challenging to achieve from a common
language perspective. While this common denomination strategy improves these
terms’ familiarity, it decreases the ability to discriminate the concepts. The following
exploration of the intension and extension of each of these concepts could solve that
matter.

We present a summary of the etymology of the terms digitization, digitalization,
and digital transformation (see Fig. 1). A more detailed etymological analysis of
these terms can be found in section Appendix 1.

3 The Historical Use of the Concepts

Understanding the history of a concept’s formation is critical to recognize the evolu-
tion of its scope and limits of application. This history starts with the seminal defi-
nition(s) of the concept and continues with the evolution of that definition when
confronted with multiple empirical realities. As for digitalization and digital trans-
formation, this historical analysis is critical to explaining the sources of confusion that
resulted in the shared common etymological roots. It reveals the definitional overlap
and distinctions between these three terms and allows to retrace the chronological
emergence of their associated core attributes and auxiliary hypothesis (Lakatos 1978).
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3.1 Digitization

The Oxford English Dictionary (OED) traces the first modern use of the term “digiti-
zation” jointly with computers to the mid-1950s (OED 2014). According to the OED,
digitization refers to “the action or process of digitizing; the conversion of analog
data (especially in later use images, video, and text) into digital form.” Some scholars
refer it to the technical process of converting analog data into a digital format: an
array of zeros and ones stored in a way that makes them readable by computers. With
the technological development, the creation, storage, communication, and consump-
tion of information and non-digital products are all being gradually digitized (Press
2015). The development of digital technologies and their implications in different
fields have compelled scholars and practitioners to explore digital technologies’
potential, extending from the technical process to their impact on different entities
(i.e., organizations, businesses, industries, societies).

A Google Trend search by Seibt et al. (2019) indicates that the term digitization
used to be more popular in English-speaking countries, while the term digitalization
has been more frequently searched for in continental Europe. No distinction is widely
represented in dictionaries, such as the Oxford dictionary, which offers the same
definition for both terms. The Encyclopedia Britannica (“Encyclopedia Britannica”
n.d.) and sociological dictionaries (Bruce and Yearley 2006; Scott and Marshall 2009;
Swedberg and Agevall 2016; Turner 2006) do not define the terms digitization and
digitalization. However, both terms are applied in business contexts, public debates
by media (Seibt et al. 2019) with correlated meanings that have been causing a great
deal of confusion.

In the academic literature, no single seminal scientific definition that all the authors
agree upon can be found for each of these concepts. Moreover, all the definitions of
digitization are rooted in common language, not in systematic scientific conceptu-
alization. Digitization and digitalization terms are often applied to signify the same
objects/phenomenon. The same overlap exists between the use of the term digitization
and the term digital transformation. Some authors use different terms interchange-
ably consciously or unconsciously; others may differentiate one concept while using
the other two terms as equivalents implicitly or explicitly. Such confusion or lack of a
common conceptual basis makes it impossible to ensure cumulative and sustainable
knowledge creation (Sparrowe and Mayer 2011). Consequently, this lack of clarity
leads some authors to distinguish these three terms and their associated definitions
in their articles to attach one specific term to one specific object/phenomena (e.g.,
Mergel et al. 2019; Verhoef et al. 2019).

3.2 Digitalization

The first contemporary use of the term “digitalization” along with computeriza-
tion appeared in Wachal’s (1971) essay that discusses the social implications of
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the digitalization of society in computer-assisted humanities research (Brennen and
Kreiss 2016). In general, digitalization refers to “the use of digital technologies”
(Srai and Lorentz 2019, p. 79). It “loses its more technical aspects to digitization
while maintaining the vague ideas of restructuring social life or business, and all the
normative connotations they entail” (Seibt et al. 2019, p. 10). Dijk van Jan (2006)
noted that digitalization “allows a considerable increase in the production, disper-
sion, and consumption of information and the signals of communication” (p. 193),
and “produces a culture of speed because creative production is assisted by the power
of accelerated processing and distribution in computers and networks” (p. 209).

Digitalization is often used as a synonym of digital transformation when
describing changes brought by the adoption of digital technologies in society and
organizations. Besides, Seibt et al. (2019) argued that the discussion around the
digitalization of industry is a debate that got labeled “Industries 4.0,” which is the
most prominent field of the industrial application of digitization, digitalization, and
automation (Schumacher et al. 2016). Bloomberg (2018) noted that “automation is a
major part of the digitalization story, whether it be shifting work roles or transforming
business processes generally” (p. 4).

The implementation of IT tools/software in organizations, such as MRP (Mate-
rial Requirements Planning), Manufacturing Resource Planning (MRP II), ERP
(Enterprise Resource Planning), and BPR (Business Process Reengineering), leads
to the first generation of digitalization processes. During the 1970s and 1980s, with
computer hardware and software development, MRP and MRP Il emerged, driven by
the need for stronger integration between the functional enterprise silos, the suppliers,
and the customers. From the 1990s, ERP (i.e., the adoption of standard software pack-
ages) and BPR (i.e., business management initiatives striving for process efficiency
supported by IT) started to emerge and spread. ERP is a “framework for organizing,
defining, and standardizing the business processes necessary to effectively plan and
control an organization so the organization can use its internal knowledge to seek
external advantage” (Blackstone and Cox 2005, p. 38). This dictionary definition
resonates obviously with the expected outcomes of digitalization. The common aim/
goal is to optimize organizations’ existing business processes through efficient coor-
dination between routines (Pagani and Pardo 2017). Organizations may undertake a
series of digitalization projects to automate processes and increase process efficiency
(Bloomberg 2018).

For the practitioners, digitalization refers to “the use of digital technologies and
data (digitized and natively digital) to create revenue, improve business, replace
business processes (not simply digitizing them) and create an environment for digital
business” (i-scoop 2016), and “using digital technologies to automate processes for
better outcomes and to optimize value” (NCMM 2020). For scholars, digitalization
refers to “the adoption of Internet-connected digital technologies and applications
by companies” (Pagani and Pardo 2017, p. 185), and “a means to fulfill customers’
needs more effectively, adapt to changes in the sector and increase their competitive
advantage” (Rachinger et al. 2019, p. 1150).

In digitalization, digital technologies serve as enablers for organizations to change
their existing business processes (Verhoef et al. 2019), including communication
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(Ramaswamy and Ozcan 2016; Van Doorn et al. 2010) and distribution (Levidkangas
2016). To achieve such goals, organizations may use ERP or other digital tech-
nologies to support the digitalization process. The changes ERP introduced are
primarily limited to business processes within organizational boundaries in effi-
ciency improvement, cost reduction, and business process optimization (Ash and
Burn 2003; Kauffman and Walden 2001), mainly focusing on deploying internal
management information systems (Boersma and Kingma 2005). ERP and BPR put
effort into exploiting IT software packages to improve organizational processes,
focusing on production effectiveness and efficiency internally. Digitalization empha-
sizes the change process as a whole to achieve economic-driven outcomes through
ERP or BPR and other digital technologies.

3.3 Digital Transformation

There is no common consensus regarding the seminal scientific definition of digital
transformation in the literature. Historically, the ideas of digital products, services,
and mediums can be traced back to the 1990s and 2000s (Auriga 2016; Schallmo
et al. 2017). Morton (1991) noted that organizations experience fundamental trans-
formations for effective IT implementation. This idea gave birth to a research stream
studying IT-enabled organizational transformation, which may be seen as one of the
scholarly roots of DT research (Nadkarni and Priigl 2020). It initiated DT’s discussion
with a strong IT focus as a catalyst of the information revolution (Gates et al. 1995) in
the context of the Information Society’s age and global competition. Therefore, at the
early stage, a strong emphasis was put on the “digital” part — the use of digital tech-
nologies, providing a limited understanding of the “transformation” part of an entity.
Thus, oftentimes, the concept of DT was used, or probably misused, synonymously
with the one of digitization (the technical process) and digitalization (the installation
process). With the accelerating development of digital technologies since the 1940s,
industrial changes and societal developments throughout the previous decades could
be witnessed, thus giving more importance to the transformational part of DT.

People then started to associate DT with the changes that digital technologies cause
or influence in all aspects of human life (Stolterman and Fors 2004). The “transfor-
mation” part of DT, which was undervalued, gradually came back to attention. As
different research streams started to emerge, some scholars gradually realized that DT
is more than just a technological shift (Henriette et al. 2015). Apart from technology,
it requires “actors” (Nadkarni and Priigl 2020) and the alignment of strategy and
other factors, such as culture, mindset, talent development, and leadership (Goran
etal. 2017). In recent years, some researchers have been concentrating on identifying
DT’s dimensions and drivers (Liere-Netheler et al. 2018a, b; Verhoef et al. 2019) as
follows:
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e External drivers encompass: (1) innovation push and market pull generated
by the adoption and development of digital technologies (Nambisan et al. 2017;
Sambamurthy et al. 2003); (2) increasing volume of data (Kouroubali and Kate-
hakis 2019; Pappas et al. 2018; Zaki 2019); (3) accelerating customer behavior
changes (Rogers 2016; von Leipzig et al. 2017; Westerman et al. 2014); and (4)
laws/government policies adjustments (Gong et al. 2020; Nambisan et al. 2019),
etc.

¢ Internal drivers include: (1) strategic imperative, such as, process and work-
place improvement (Henriette et al. 2016); (2) vertical and horizontal integration
(Camarinha-Matos et al. 2019; Golzer and Fritzsche 2017; Borangiu et al. 2019;
Liere-Netheler et al. 2018a, b); (3) management support (Matt et al. 2015; Vuksié
et al. 2018); and (4) cost reduction (Liere-Netheler et al. 2018a, b), etc. Some
other scholars focus on the positive and negative impacts of DT.

e Positive consequences contain (1) decision making improvement (Heilig et al.
2017; Roedder et al. 2016); (2) competitive advantage creation (Korhonen and
Halen 2017; Schwertner 2017); (3) value creation enhancement, e.g., optimize
customer experiences (Rogers 2016), etc.

¢ Negative consequences cover Cybersecurity (Moller 2020) and privacy (Mend-
hurwar and Mishra 2019), etc.

Beyond these new research directions, debates regarding the true nature of DT are
ongoing. The controversy may be fundamentally founded in the fact that the range of
DT definitions vary from: a slight technology-enabled change such as implementing a
new ERP System (Chanias 2017) to a more radical and evolutionary process that takes
place over time (Janowski 2015; Loebbecke and Picot 2015; Wang et al. 2018) or the
economic and societal effects of digitization and digitalization (OECD 2018). While
some researchers associate DT with business models (Berman 2012; Bharadwaj et al.
2013; Gassmann et al. 2014; Schallmo et al. 2017) and strategy (Bharadwaj et al.
2013; Henriette et al. 2015; Matt et al. 2015; Rogers 2016; Westerman 2018), others
view DT as a paradigm or as a process (Berman 2012; Janowski 2015; Wang et al.
2018). As aresult, the growing diversity of research fields associated with the concept
of DT complexifies its clarification.

3.4 Synthesis

Historically, the three terms digitization, digitalization, and digital transformation
are interconnected and describe different objects or phenomena. Digitalization with
a longer history of use in the literature than digital transformation inevitably encom-
passes the early discussion of digitization’s social impact and the later discussion
of digital transformation’s result. The absence of prevalent academic definitions for
these three concepts is rooted in their ontogenesis, which was multivalent and parallel.
Then, the multiplicity of connections between these concepts and others leads to a
broad diversity of parallel theorizations. While this situation enriches the spectrum
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of digital transformation research programs (Lakatos 1978), it does not clarify the
concepts.

Multiple theorizations based on multiple conceptual definitions hinder the scien-
tific community’s ability to better define and connect all the objects involved in digital
transformation, i.e., to standardize and generalize their research strategy. Therefore,
the possibility of comparing different results from different studies is very limited in
the current situation. It implies that authors of academic papers should first consider
the connections applied between the chosen terms, the definitions, and the objects
or phenomena under scrutiny.

Apart fromits truly intended meaning, digitalization has also been used to describe
digitization in some cases and digital transformation in other cases. Some authors
such as Verhoef et al. (2019) view the terms in a sequential order (digitization —
digitalization — digital transformation) with digitalization bridging and connecting
the other two terms; other scholars disagree with this view. The situation is further
complicated when linguistically translating digitalization and digital transformation
as one word in some languages to explain the change and its end-results of using
digital technologies, not the technical process.

Digitalization is used to depict a state of being digitalized and the process whereby
the entities are affected by the action of “going digital.” Today’s consensus seems
that digital transformation is more than digitization (Haffke et al. 2016; Iansiti and
Lakhani 2014; Yoo et al. 2012). According to a scoping review of Verhoef et al.
(2019), most of the literature subscribes that digitization and digitalization imply
more incremental phases to attain the most pervasive phase of digital transformation
(Loebbecke and Picot 2015; Parviainen et al. 2017a, b). However, the inconsistent
use of digitalization and digital transformation still exist in a broad range of academic
and practitioner literature. And a disconcerting limitation of the existing literature is
the failure to distinguish them properly.

4 The Concept Analysis Methodology

Based on Ogden and Richards (1923) semantic triangle (i.e., symbol, thought/
reference, referent) and on Sartori’s (1984) work (i.e., term/word, meaning, referent/
object), Gerring (1999) proposed eight in-depth criteria of conceptual goodness:
familiarity, resonance, parsimony, coherence, differentiation, depth, theoretical
utility, and field utility. Gerring (1999) supports Ogden and Richards (1923) view that
concepts are good when they attain a proper alignment between the three dimensions
of intension, extension, and term (pp. 357-358) (see Fig. 2):

e The term refers to the words allocated to a concept as a label covering both the
intension and the extension. It impacts the level of familiarity, resonance, and field
utility of the concept.
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Fig. 2 Concept goodness assessment rating scale (Source Own illustration). Notes The eight criteria
of concept goodness are adapted from Gerring (1999)

e The intension, i.e., connotation, meaning, definiens, or definition, refers to the
properties or attributes that define a concept. The attributes specifically chosen to
define the concept establishes its level of parsimony and internal coherence.

e The extension, i.e., denotation, referent, object, definiendum, refers to the object,
event, or phenomenon to be defined and the referent or referents to which a concept
applies. It determines the nature of the empirical cases a concept applies to and
impacts the concept’s theoretical utility and depth. It determines a concept’s level
of differentiation.

Exploring the evolution of definitions reveals: (1) the multiplicity of defini-
tions proposed in the literature; (2) to what extent their defining attributes overlap
between the three concepts: digitization, digitalization, and digital transformation;
(3) the plurality of conceptual boundaries and therefore of realities under scrutiny.
It allows specifying the core and peripheral defining attributes used to define the
three concepts. The defining attributes can then be grouped to analyze their logical
alignment (internal coherence) as well as their external differentiation. Hence, such
an analytical process facilitates a qualitative evaluation regarding the connections
between the three dimensions of the semantic triangle and assesses the conceptual
goodness of the targeted concepts using a rating scale adapted from Gerring’s (1999)
framework (see Fig. 2).
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5 The Defining Attributes Analysis and Conceptual
Assessment of the Relevant Terms in the Literature

5.1 Digitization

Definitions of digitization are collected until saturation/repetition of the defining
attributes is observed. This process ensures that most of the applied defining attributes
are identified. Saturation was achieved with 11 definitions. These key definitions of
digitization evolved over the past two decades since the first definition was proposed
in 1995 (and are presented in Appendix 2).

We summarize the 27 defining attributes of digitization and their frequency in
Table 1. Based on the accumulated frequency of these attributes, the first five defining
attributes are the core defining attributes (most frequent); the following 3 defining
attributes are the peripheral (average frequency); and the rest are the outsiders (low
frequency).

The analysis shows that digitization refers to a technical process of converting
analog data/information' into digital forms. It is a process that has both symbolic (i.e.,
converting analog data into bits represented as 0 s and 1 s) and material (i.e., artifacts
used to store and communicate digitized information) dimensions. Hence, through
digitization, data is deconstructed and encoded as strings of O s and 1 s that “can then
be expressed in many different ways, on many different types of materials, and in
many different systems” (Brennen and Kreiss 2016, p. 2) as information. The ulti-
mate characteristic of being stripped of errors, repetitions, and static allows digitized
data and information to be easily stored, transferred, manipulated, and displayed,
thus reducing paper clutter and improving efficiency. Digitization makes physical
products programmable, addressable, sensible, communicable, memorable, trace-
able, and associable (Yoo 2010). Traditional physical products embedded with digital
technologies, such as cameras (Tripsas 2009), phones (Ghazawneh and Henfridsson
2013), magazines (Nylén et al. 2014), and automobiles (Svahn et al. 2017), can
provide a much wider range of functionality than non-digital products (Holmstrom
2018). The essence/essential meaning of digitization is presented in Fig. 3.

Based on the concept goodness assessment rating scale, digitization’s concept
goodness is discussed as follows:

Familiarity: Digitization is rooted in the modern use of the verb “digitize” and
refers to “the action or process of digitizing, i.e., the conversion of analog to digital
forms.” If “digitization” as a whole word is not always very familiar for common
people, the root “digit” and the suffix “-ization” are separately familiar. Such a level
of familiarity here is enough to grasp the “conversion” nature of the term easily.
However, in English, constructing a noun out of a verb by adding an “-ization”
generates a double meaning (Taylor 2000). The new term will denote either the
process described by the original verb or the end-state that results from the culmi-
nation of such a process (Buller and Gamble 2002). Therefore, common people can

! Note that data and information are used as synonyms in these definitions.
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Fig. 3 The concept of 'T‘
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interpret the combination of “digit” and “-ization” in three different ways: process,
result, or both. The multiplicity of possible interpretations decreases the accuracy of
describing the phenomenon.

Resonance: Digitization first resonates with “digit,” “digital,” and “digitize.” The
cognitive click between “digitization” and “digital” is relevant and increases the level
of the catchiness of the label/term. However, the connection between the label/term
and its formal meaning is not that obvious. There is clearly a rhyming scheme in the
label/term, which also increases its catchiness.

Parsimony: 5 core and 3 peripheral attributes are recurrently applied to define
digitization. The number of attributes at the core meets the parsimony criteria as
expressed by Gerring (1999): “[no more than] a half-dozen attributes” (p. 371).

Coherence: Digitization has a high level of internal coherence. The 5 core defining
attributes (e.g., analog, digital form/bits, process, data/information, conversion)
convey the essential meaning of a conversion process from analog data/information
to digital form/bits. Taking the peripheral (e.g., encoding, technical, action) into
consideration, the essential meaning of the action “digitize” is further strengthened.
They depict a technical process of “encoding [analog] into zeroes and ones so that
computers can store, process, and transmit such information” (Bloomberg 2018).
The instances and attributes used to define this concept are internally consistent and
logically related (see Fig. 4). To achieve a more precise elaboration, we differentiate
data and information from a knowledge management perspective. Data refers to the
facts and statistics collected together for reference or analysis, whereas information
to “any non-random pattern or set of patterns” (Bennet et al. 2015) conveyed or
represented.

Differentiation: The main challenge of defining digitization is to establish clear
borders within a field of similar terms (e.g., digitalization, digital transformation).
However, based on the defining attributes’ analysis, this concept’s definitional borders
are relatively clear in the technical sense as demonstrated in coherence, thus allowing
a good operationalizability.

Depth: The clear boards of digitization in the technical sense, on the other side,
lower the level of its depth to cover the number of properties shared by this object/

=3
Analog Data w:l - *’

0101010101010101010
’— Digital Form / Bits

0101010101010101010

Conversion Process

Action of Technical
Encoding

Fig. 4 The visual presentation of reconceptualized digitization internal coherence (Source Own
illustration). Note Attributes “Action of Technical Encoding” are peripheral defining attributes
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phenomena in its extension. In other words, poor ability of bundling characteristics.
However, according to the definitions in Appendix 2, digitization is not a residual
concept (i.e., define a concept by what it isn’t).

Theoretical utility: Digitization was first used jointly with computers, then
extended from the technical process to its impact on the development of digital
technologies and their implication. It is not theory-driven since its concept incep-
tion comes from a technology implication perspective, which limited this concept’s
theoretical utility from its position within a narrower array of terms. Especially in
computer science, digitization is used to describe the technical process of converting
numerical or other information represented in a form suitable for processing by
computers. However, with the unclear conceptual definitions (mixing the process
and result) in the early years, this concept was used to mobilize the meanings of
its related terms as they share the same roots. Simply using them interchangeably
without a solid theorization process may increase this concept’s theoretical utility but
destroy other criteria (e.g., coherence, differentiation) and formulation of theories.

Semantic field utility: Digitization has a relatively high semantic field utility as
it does not destroy these words used to define it. Digitizing the analog data does
not change the understanding of converting or encoding them into digits (0 s and
1 s). None of these neighboring terms are hurt while conceptualizing digitization. By
contrast, it establishes a very good relationship with them and increases their utility
in the semantic field.

In short, several conclusions emerge from this evaluation: the concept of digitiza-
tion performs quite well on the parameter of the term (i.e., familiarity, resonance, field
utility) and intension (i.e., parsimony, coherence), and moderately on the parameter
of extension (i.e., depth, differentiation, theoretical utility) concerning a lower score
of theoretical utility. Digitization meets the criteria of depth and differentiation well
in the technical sense. Figure 5 presents the overall result of our assessment of the
term digitization on the eight criteria with the help of Gerring’s framework (as shown
in Fig. 2).

5.2 Digitalization and Digital Transformation

While digitization appears to be a distinct concept that refers to the technical process
of converting analog data into digital formats, defining attributes of digitalization
and digital transformation overlap. Therefore, a systematic analysis of digital trans-
formation’s concept formation and conceptualization evolution constitutes a prereq-
uisite for further theorization and modelization. To achieve better readability, the
authors decided to present these two concepts together to show the commonality and
difference.

Gong and Ribiere (2021) reviewed 134 digital transformation definitions to
provide insights into six core defining primitives of this concept. They found that the
challenge and need to develop a sustainable nomenclature of digital-related terms
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and concepts is an urgent and important problem to tackle, especially the difference
between digitalization and digital transformation.

This chapter further discusses these two distinct, yet interrelated concepts through
a diachronic analysis of their definition attributes based on empirical evidence. Thus,
a search query for empirical papers studying digitalization and digital transformation
was performed in the EBSCO database, and full-text papers were downloaded and
screened for their eligibility. Thirty-six definitions were extracted based on empirical
evidence, including 24 definitions of digital transformation and 12 definitions of
digitalization. The defining attributes and their frequency for each term are listed in
Appendix 3 to clearly show their similarities and differences.

In total, there are 41 defining attributes for digital transformation and 30 for digi-
talization, which indicates a high level of discrepancy among the available definitions
and the issue of conceptual stretching in these definitions. Regarding the etymolog-
ical and historical issues discussed in Sects. 2 and 3, it is not surprising that around
36% (15 out of 41) of digital transformation’s defining attributes overlap with digi-
talization. Taking a closer look at these attributes, the internal coherence and external
differentiation are debatable. No single definition that encompasses all or most of
the core and peripheral defining attributes also supports this view. Such diversity of
attributes either indicates the multiplicity of meanings attached to one concept or
suggests there should be two or more concepts to better discriminate the meanings
based on logical internal coherence and external differentiation. The choice made
here will also affect the theory-building associated with these terms in the long run.

Having a clear boundary for each concept will determine what reality is effectively
attached to a particular concept and benefit the empirical research to obtain consistent
and comparable results. To achieve such aims, a deep analysis of all these defining
attributes (of the concepts digitalization and digital transformation) in the context of
the papers from which the definitions were extracted is needed. The same method-
ology used to analyze the concept digitization was applied again to analyze the core
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and peripheral attributes for assessing the concepts of digitalization and digital trans-
Sformation based on Gerring’s (1999) framework. However, we decided not to present
our analysis in all its details here to avoid content repetition and overextending the
scope of this chapter.

Digitalization. Looking at all the defining attributes of digitalization, the
following points can be drawn:

e Firstly, digitalization refers to the change process of adopting and using digital
technologies, whether these changes occur in individuals’ connection and their
behaviors (Gimpel and Roglinger 2015), or the manifold socio-technical changes
in broader individual, organizational, and societal contexts (Legner et al. 2017).
This variety of change in the context of digitalization indicates a contextual
hierarchy in these definitions.

e Secondly, the outcome of digitalization is more focused on describing the conse-
quences that implementing digital technologies may have on offerings (i.e., prod-
ucts and services) and the quality of the organization’s relationships with others
(e.g., increased simplicity, efficiency, speed, competitiveness, etc.). It focuses on
the change of existing socio-technical structures that were previously mediated
by non-digital artifacts (Thorseng and Grisot 2017) and the potential changes in
the processes beyond the mere digitizing of existing processes, forms, and work
products (Parviainen et al. 2017a, b). That is, it is beyond the technical process
of digitization. In contrast, digitalization is the main driver that affects the busi-
ness environment and inter-functional coordination in particular (Ruiz-Alba et al.
2019) to integrate the functional silos. It is a means to fulfill customers’ needs
more effectively (Rachinger et al. 2019) and makes businesses act rapidly in a
short time frame (Sehlin et al. 2019). It has accelerated the shift from product-
based to service-based businesses, affecting fundamentally how firms compete for
and transact with customers (Hidnninen et al. 2018). It changes the relationships
into ones that are mediated by digitized artifacts and relationships with newly
embedded digital capabilities (Thorseng and Grisot 2017).

e Thirdly, digitalization may be a source of an organization’s competitive advan-
tage through increased efficiency. It improves the organization’s effectiveness
and influences its internal structures by reinforcing interdisciplinary collaboration
(Rachinger et al. 2019).

Figure 6 presents the identified defining attributes of digitalization. It reveals
that there are several dimensions included in this concept, some of which overlap
with digital transformation. This overlap is rooted in the etymological confusion as
discussed in Sects. 2 and 3, leading to an unclear border with digital transformation.
A further explanation to realign these dimensions is needed to increase its internal
coherence and external differentiation to understand this concept better.

The concept of digitalization is woefully debatable. In the case of picking out one
phenomenon among other phenomena, this concept generates confusion by linking
its neighboring concepts with their overlapping attributes in reference to various
objects/phenomena. That is, an undifferentiable conceptual definition may contribute
to digitalization’s familiarity, resonance, and depth; however, it largely diminishes its
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level of differentiation and blurring its boundaries from other neighboring concepts.
Without a clear boundary specifying digitalization’s nature, such confusion will
continuously damage the semantic field utility and connect phenomena whose shared
properties are not related in some manner. Therefore, a reconceptualization with a
high level of coherence and differentiation is needed for this concept to perform
better in extension and intension.

Digital Transformation. In a different vein, looking at the defining attributes
of digital transformation (DT), the scope and the expected outcome of digital
transformation are different from that of digitalization:

e Firstly, digital transformation refers to a transformation (i.e., fundamental change)
process of using digital technologies rather than a non-fundamental change
process. Liu et al. (2011) defined digital transformation as “an organizational
transformation that integrates digital technologies and business processes in
a digital economy” (p. 1730) based on their qualitative case study of CBC
Bank’s global e-banking project. Digital technologies are used to transform the
customer value proposition and organizing operations to create new business
models (Berman 2012). It changes a business model in how the organization
creates value for its customers (i.e., customer value proposition) and how it
captures that value (i.e., how it makes money) (Iansiti and Lakhani 2014). Kane
et al. (2015) confirmed digital transformation as an organizational transforma-
tion, where digital technologies transform the business models and processes,
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based on their survey of more than 4,800 business executives, managers, and
analysts in 129 countries and 27 industries, as well as interviews with business
executives and technology vendors. Such transformation of business activities,
processes, models, competencies, operational routines, and organizational capa-
bilities to fully leverage the changes and opportunities brought by digital tech-
nologies is profound and fundamental in nature (Demirkan et al. 2016; Li et al.
2018). It encompasses the networking of actors such as businesses and customers
across all value chain segments and applying digital technologies (Schallmo et al.
2017). Hence, these aforementioned attributes resonate with the emerging notion
of business model innovation, which has received massive practical (Pohle and
Chapman 2006) and theoretical (Schneider and Spieth 2013, 2014; Zott et al.
2011) interest in recent years. Its broad definition as “the implementation of a
business model that is new to the firm” (Bjorkdahl and Holmén 2013, p. 214),
and its main dimensions of value creation, value proposition, and value capture
(Baden-Fuller and Haefliger 2013; Clauss 2017; Johnson et al. 2008; Massa and
Tucci 2014; Morris et al. 2005; Zott and Amit 2013) fit the expected end results
where digital transformation is heading to at the strategic level.

e Secondly, the end result of digital transformation is a significant transformation
(i.e., a redefinition of mission and purpose to reflect a new direction), rather than
a simple realignment (i.e., a change to the way of doing things that do not involve
a fundamental reappraisal of the central assumptions and beliefs within the orga-
nization) from a change management perspective (Balogun et al. 2015). Digital
transformation generates radical improvement (Westerman et al. 2011). It is a
holistic effort to revise core processes and services, which results in a complete
revision of the existing and the creation of new digital products and services
(Mergel et al. 2019). Digital transformation goes beyond just technological shift
(Kane et al. 2015); it also involves the process of strategic renewal and dynamic
capabilities development of an organization (Warner and Wager 2019) to address
the opportunities and risks that originate from digital technologies (Singh and
Hess 2017). It affects employees’ operational work routines (Chen et al. 2014) at
the operational level, and also managerial processes (lansiti and Lakhani 2014)
and human relations (Mi¢i¢ 2017) at the managerial level. Redefining the organi-
zation’s value propositions may be shaped by customer interaction and collabora-
tion (Berman 2012) and customer engagement (Schuchmann and Seufert 2015).
Digital transformation can influence organizational culture and capabilities (Li
et al. 2018; Tan et al. 2015) and “lead to highly dynamic markets, pressuring
employees to continuously adapt to new situations and increasing the need for
agility and lifelong learning” (Schwarzmiiller et al. 2018, p. 126). While top exec-
utives set and drive the digital agenda, it’s crucial that they also put a focus on
employees and talent engagement to achieve digital maturity (Kane et al. 2015).

e Thirdly, while 11 definitions out of 24 studies explicitly acknowledge organiza-
tions as the entity (i.e., the unit of analysis affected by digital transformation),
few studies also include industry and society as entities. Digital transformation
is the integration of digital technologies into business, resulting in fundamental
changes in the way the world does business and communicates (Mici¢ 2017).
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Digital technologies are rapidly transforming the fundamental nature of a broad
range of organizations and revitalizing their digital business models across indus-
tries (Demirkan et al. 2016). Such a holistic form of business transformation is
accompanied by fundamental economic and technological changes at the organi-
zational and industry-level (Chanias et al. 2019) and unfolds their impact across
society in a strategic and prioritized way (Demirkan et al. 2016). This indicates a
multiplicity of the entity affected by digital transformation.

e Lastly, using “digital economy” and “digital maturity” to define digital transfor-
mation raises the issue of conceptual stretching, which refers to the distortion
that occurs when a concept does not fit the new cases (Collier and Mahon 1993;
Sartori 1970). These two terms themselves remain unspecified in the literature.
Utilizing them to broaden digital transformation’s connotations can stretch digital
transformation to “cover instances that lie quite a bit outside their normal range
of use” (Gerring 1999, p. 360).

Figure 7 shows the identified defining attributes of digital transformation.

In short, several conclusions emerge from this evaluation. It is noteworthy that the
concept of DT performs quite well on several criteria: it is familiar and resonant and
seems to be sufficiently parsimonious and highly theoretically useful. Therefore, as
noted above, it is little wonder that the concept gained popularity so quickly, which
has put it at a risk of turning into a buzzword. However, with a reconceptualization
that better connects the essence of defining attributes, the overall concept assessment
results improve. The concept DT performs quite well in its term, extension, and
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intension: high resonance and theoretical utility; good depth, familiarity, coherence,
and differentiation; moderate parsimony, and field utility to some extent.

5.3 Synthesis

Following all the discussion in this section, there are some overlaps of digitalization
and digital transformation: both terms acknowledge the change process enabled by
digital technologies. Yet, they are emphasizing the different scope and end results
of this change process. Indeed, both digitalization with the suffix “-ization” and
digital transformation using the term “transformation” indicate that the deep nature
of these concepts is a process, more specifically, a change process. However, in
general, the existing literature is not sufficient to differentiate digitalization from
digital transformation.

Only considering core defining attributes, the critical attribute to distinguish these
two concepts is “change” (digitalization) versus “transformation” (digital transfor-
mation). Such difference in terms of the scope of the change to further differen-
tiate these two concepts is evident in the domain of change management but may
not be obvious in common language. From a change management perspective, this
core defining attribute for each concept already indicates the different nature of the
process enabled by digital technologies and the expected end-result they may achieve.
Regarding the scope of change, digitalization is an incremental or continuous change
that involves installing digital technologies needed to keep an organization on its
chosen path with improved efficiency. This change may not necessarily be small, even
involve significant commitments of resources, time, people, and money. However, it
has not fundamentally altered the organization’s core (i.e., the organization’s central
assumptions and beliefs), such as the structures, missions, visions, cultures, etc. On
the contrary, digital transformation encompasses a fundamental shift in the organiza-
tion’s business model, touching all structural, cultural, and procedural aspects. It is an
all-encompassing metamorphosis (transformation) of an entity (organization). This
entity affected by such fundamental change is included in digital transformation’s
core defining attributes, but not mentioned in digitalization’s definitional core.

Extending to digitalization’s peripheral attributes, there is a contextual hierarchy
of the entities affected by this change (i.e., individual, organizational, and societal).
A similar hierarchy can be found in digital transformation’s defining attributes (i.e.,
organizational, industrial, societal). Moreover, if the digital transformation defini-
tions were extracted from both conceptual and empirical papers, the entities affected
by digital transformation would encompass an organization, a business network, an
industry, or society (Gong and Ribiere 2021). Hence, this hierarchical perspective is
one dimension that needs further research.

If we only consider organizations as the entity, we propose that digital trans-
formation focuses on transforming the organizations’ business operations to create
new business models. In contrast, digitalization focuses on the installation of digital
technologies, so that they can be used to achieve economic-driven outcomes (e.g.,
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improve efficiency and productivity, or error elimination). It is a means to help the
organization reinforce its existing value proposition efficiently and effectively, i.e.,
a change to the way of doing things with the deployment of digital technologies
in place. It does not involve a fundamental reappraisal of the organization’s central
assumptions or a paradigm shift of its organizational identity or business model.
Therefore, based on our comprehensive analysis, we conclude that digital transfor-
mation is not equivalent to digitalization, and recommend the two concepts to be
kept distinct at the conceptual level.

6 Discussion

The growing penetration of digital technologies in the market with the associated
changes inevitably drive organizations to rethink their options to digitally transform
themselves.

To better understand the evolution of digital transformation, this chapter discussed
the confusion around the DT concept and its related concepts (i.e., digitization, digi-
talization) following a systematic methodological approach. Firstly, we presented
the etymology of the three concepts, leading to a discussion of the main etymolog-
ical reasons behind the confusion. Secondly, we discussed the historical evolution of
these concepts, thereby revealing their inconsistent use in the existing literature; here,
we also offered a synthesis of what realities/phenomena these terms are associated
with. Thirdly, we introduced the concept formation and assessment methodology of
Gerring (1999) to lay the theoretical foundation of how concepts can be analyzed and
assessed. Finally, we collected existing definitions of digitization, digitalization, and
digital transformation, and then systematized these based on a defining attributes
analysis. Next, we performed and presented a detailed example of how digitiza-
tion’s historical defining attributes were analyzed and assessed based on Gerring’s
eight criteria. The results of the same analysis for digitalization and digital trans-
formation were presented as well. To our best understanding, these three concepts
are interrelated, yet they should be kept distinct at the conceptual level to describe
various strategizing and organizing activities in practice and different implications
at multiple levels of analysis in research. Based on our comprehensive analysis, we
propose differentiating the three concepts as follows:

¢ Digitization is the technical process of converting analog into digital formats.

e Digitalization is the change process of installing digital technologies to reinforce
the organization’s existing value proposition.

e Digital transformation is a fundamental change process of an organization
enabled by exploring the use of digital technologies to redefine its business models.

On the academic front, this chapter offers a solution to solve the definitional
and theoretical inconsistency in the extant literature regarding digital transformation
and its related terms. It potentially contributes to developing a consistent stream of
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research with differentiable concepts for theory-building and compatible research
findings to guide business practices.

This chapter also reveals the reality/phenomenon of these concepts on the practical
front, providing a clearer guideline for practitioners to develop differentiable strategic
plans for organizations to “go digital.” Leaders, executives, and employees can use
these concepts consistently while referring to specific strategizing and organizing
activities for different entities (individual, team, organization, industry, and society).
Having a clearer understanding of these phenomena’ essence helps to claim authority
and job responsibility for digital-related projects at the organizational level and makes
it easier to benchmark one’s performance against other organizations and industries
on digital transformation metrics and best practices at the industrial level.

In conclusion, the evolution of digital transformation offers an opportunity of
renewal for many organizations all over the world. Outlining the etymological and
historical reasons behind the confusion around digital transformation and analyzing
the existing literature, we proposed a solution to differentiate these concepts for the
goodness of both academic and practitioner communities. We hope that our work will
assuage the “fuzziness” issue associated with these concepts and inspire academics
and practitioners to use these terms more carefully, discriminatively, and consistently.

Disclaimer Selected portions of this chapter have previously appeared in the author’s work and
are used with permission.
Gong, C., & Ribiere, V. (2023). A historical outline of digital transformation. In Digital
Transformation in Healthcare in Post-Covid-19 Times (pp. 3-25). Academic Press, Elsevier.
Gong, C., Parisot, X., Reis, D. (2023). Die Evolution der Digitalen Transformation. In: Schallmo,
D.R.A,, Lang, K., Werani, T., Krumay, B. (eds) Digitalisierung. Schwerpunkt Business Model
Innovation. Springer Gabler, Wiesbaden.

Appendix 1: The Etymologies of the Terms Digitization,
Digitalization, Transformation, and Digital Transformation

Terms Etymologies

Digitization The origin of “digitization” is rooted in the modern use of the verb “digitize”
(digit + -ize), which is used in reference to computer programming, meaning
“the process of converting something into the form of especially binary
digits” from 1954 (Merriam-Webster n.d)

Digitalization The origin of “digitalization” is rooted in the adjective “digital” from ancient
Latin digitus and modern Latin digitalis. It has been used in reference to
“using numerical digits” from 1938, especially “of computers which run on
data in the form of digits (opposed to analog)” after c. 1945; and “recording
or broadcasting” from 1960 (“Online Etymology Dictionary” n.d)

(continued)
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(continued)
Terms Etymologies
Transformation | The origin of “transformation” is rooted in Old French transformation (14c.)
and directly from the Latin Church transformation (nominative
transformation) “‘change of shape” (transitive), noun of action from past
participle stem of fransformare “change in shape, metamorphose,” from trans
“across, beyond” 4+ formare “to form.” Intransitive sense “undergo a change
of form” is from the 1590s (“Online Etymology Dictionary” n.d)
Digital This concept consists of two terms, “digital” and “transformation.” The
transformation | denomination strategy of compounding two words together combines the

halo effect of these two words’ meaning in the common language and creates
a new meaning in the scientific language (Dumez 2011). Since no single
seminal definition specifies the original scientific meaning of digital
transformation, the confusion existing between scholar’s divergent
definitions is added to the one connected to the combination of halo effects in
the common language. That is, while the meaning of “transformation” and its
established usage within practitioners’ everyday language and academic’
specialized language are clear in the common language, the meaning of the
shared root “digital” is generating confusion for the concept digital
transformation. A screening by Mertens et al. (2017) produced a list of over
2,500 different terms associated with “digital” in recent scientific literature
and financial press. This list includes almost all facets of modern social and
economic life. Such finding of diversified common meanings of “digital” also
supports the view that “digital” is the troublemaker that causes the combined
term “digital transformation” unclear

Appendix 2: The Definitions of Digitization

Authors Definitions of digitization

Negroponte (1995) “The conversion of analog to digital information and processes in a
technical sense” (p. 15)

Yoo, Henfridsson, and | “The encoding of analog information into digital format” (p. 725)

Lyytinen (2010)

Katz and Koutroumpis | “Digitization, per se is the process of converting analog information

(2013) to a digital format. Digitization, as a social process, refers to the
transformation of the techno-economic environment and
socio-institutional operations through digital communications and
applications” (p. 314)

OED (2014) “The action or process of digitizing; the conversion of analog data
(esp. in later use images, video, and text) into digital form”

Brennen and Kreiss “The material process of converting analog streams of information

(2016) into digital bits” (p. 1)

Legner et al. (2017) “The technical process of converting analog signals into a digital

form, and ultimately into binary digits” (p. 301)

(continued)
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(continued)

Authors

Definitions of digitization

Golzer and Fritzsche
(2017)

“The encoding of data in digital formats” (p. 1334)

Schallmo and Williams
(2018)

“Digitally enabling analog or physical artifacts for the purpose of
implementing into said artifacts into business processes with the
ultimate aim of acquiring newly formed knowledge and creating new
value for the stakeholders” (p. 5)

Bloomberg (2018)

“Taking analog information and encoding it into zeroes and ones so
that computers can store, process, and transmit such information”

Verhoef et al. (2019)

“The action to convert analog information into digital information”
(p- 891)

Gartner’s IT Glossary
(n.d.)

“The process of changing from analog to digital form. It takes an
analog process and changes it to a digital form without any
different-in-kind changes to the process itself”

Appendix 3: Digital Transformation and Digitalization’s
Defining Attributes and Frequency

‘Cossitintve shudy Dua. case stedy | Casesiody |Ousn foo] Examoles Concapts Rassarch Types Crautve Duaitativs &3 | Werkahon
- B = A
iz HARRHARAAA e ) AHEEEA .
<15 =|¥[R]s 3R12|z|%15)- |B|R|R].] |B ggﬁgﬁiﬁ_ﬁ:_‘ﬁ
HHAEHEER MHEERHEEARE fonin RlR|3|E]d |52 [d
i1 1H L HHE HEHHEHAH 1 4 1 b
: -|% - i ; gl ¥ - x|
FHE 3 - : % |3
HEHRHHHRHHEHHEHEHEHH] HHHG
2 3 E: L. &
T 1 [] [] Sliwofnls] 7
T Iv 7 Ca Cl I r a2 I 2 v 17 FT -
P I 0 A A v M P I A v v FACA
vivl I 2 P2 I I I A A v CArAL
I3 Fa I 3 I P I T v I
ra v ra 2 £ FA 1 £ NE F
v v P I I v i I v v
v A 3 a3 v v v 72
3 2 1lz2]2 [] 518 v |
Ca 3 ¥l ¥ ¥ =
1= v v 4 ra
v v v 3 7 3 &
3 3 v A M v v
¥ - v I3 e [«
v v v v & v
3 v 3 3 v v
I3 2 v v Vi
Fl ila 1 213 El a v
v 2 v 3 E1E] E )
2 2 -
v 3 v v
c - v
s v &
A v
3 ¥ ra v
- ¥ " C
v v =
2 2
Vi iv boraion |
I v -
v v v
£l 1 E] Fl 212 1 ij1 214 ¥
- v
3 7 FNI )
7 -
T -
1 -
[Freguancy




26 C. Gong et al.

Note “Qual.” and “Quan.” means qualitative and quantitative research, respectively.
The abbreviation “QQ” means ‘“qualitative + quantitative research,” indicating a
mixed-method research approach is applied in this paper. The defining attributes
were grouped based on their accumulated frequency. The core defining attributes are
shown in the first group (i.e., the top 7 for digital transformation and the top 4 for
digitalization); the peripheral ones are in the following/second group; the rest are
outsiders
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of desired competencies needed for digital transformation is essential for growth
and competitiveness. Proposed research uses data, coming from European Skills,
Competences, Qualifications and Occupations (ESCO) database, in order to provide
information about existing and forthcoming needs in terms of skills and knowledges.
Managers’ and Professionals’ occupations are examined to reveal frequent appearing
and interesting skills and knowledges. Results indicate a wide complexity of skills
as far as Professionals are concerned, while Managers have an interesting varia-
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1 Introduction

The choice of applicants that will be successful as employees is a subject of interest
among companies’ top management. A successful candidate should have character-
istics and abilities associated with technical issues indicated by his high intelligence
quotient score. These skills are referred as “hard skills” and their nature is mostly
cognitive, technical or knowledge based.

In order to be successful, an employee should also have the necessary qualities
called “soft skills” that allow him to communicate effectively, to build interper-
sonal relationships and interact at workplace by applying effective leadership, medi-
ating or negotiating. The effective communication includes the ability of cautious
listening and fluently speaking and the demonstration of empathy to others. Soft skills
are the traits, the behaviors and the attitudes described as intangible and nontech-
nical (Seetha 2014). The soft skills are prerequisites to applying effectively technical
knowledge and skills in the working area. Schulz (2008) indicated the importance
of soft skills in an individuals’ personality. All interpersonal traits and attitudes that
make an employee distinguish among other employees are the soft skills he possesses
(Oladokun and Gbadegesin 2017).

Even though the importance of skills and competencies is wide accepted, the
framework under which labor market is structured seems to have changed signifi-
cantly over the past ten years. First of all, recruitment procedure significantly relies
on social media and talent platforms. Moreover, there is an increased mobility, with
people changing jobs more frequently than in previous years, while geographical
boundaries have been reduced and distance working reshaped what was regarded as
occupational standards. So there is a growing need for required skills/competencies
recognition accompanied with training procedures for both existing employees and
newcomers in labor market. Such aneed is further strengthened by employers’ tension
to move from low-digital skills jobs to new ICT-based ones (European Commission
2022).

Current research work contributes in recognizing most significant skills and
knowledges between those occupied as “Managers” and “Professionals”. The Euro-
pean Skills, Competences, Qualifications and Occupations (ESCO) database is used
to extract patterns about both occupations’ characteristics and structured profiles in
terms of skills and knowledges, while most frequent mixtures are discussed. ESCO
is a European multilingual classification database, describing, identifying and classi-
fying more than 13,000 professional occupations and more than 3000 skills relevant
for the EU labour market.

“Managers” occupation was selected as a result of its decision-making nature,
leading internal changes and implementing digital transformation or any other busi-
ness operations. Understanding which skills and knowledges format Managers occu-
pations can reveal which competencies are evaluated as significant in the business
world. According to Katz (1974), effective managers should have technical skills,
human skills and conceptual skills. Companies train their managers according to
company’s standards. The conceptual skills of a manager contribute to vision the
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future, to make plans and come to decisions for the best of the company (Weber et al.
2009). Moreover, “Professionals™ are responsible for training future and existing
employees, alongside with research and new knowledge development. Proposed
occupation is cultivating future labour force’s competencies and it is important to
enlight its occupational characteristics.

In the next sections, the research theoretical background is presented, along-
side with the problem to be addressed and the research issues to be answered. The
measures evaluating significance of skills and knowledges are then presented and
most significant results are revealed. Finally, practical implications, limitations and
future research recommendations are provided.

2 Theoretical Background

Competencies on a working environment are composed of activities, attitudes, skills
and knowledge correlated with job performance and are measurable (Sisson and
Adams 2013). Employees’ working performance is a function of his basic knowledge
and the soft skills he possesses (Oladokun and Gbadegesin 2017). Basic knowledge
is acquired in higher educational institutions and enhanced through practical expe-
rience. This indicates the insufficiency of academic education alone to equip people
with skills and competencies required for their effective performance at a working
environment (Singh and Jaykumar 2019). The importance of interpersonal skills, of
communication skills, of technology literacy skills and of skills for emerging business
practices, as sustainability production, will increase in the near future (Krpalek et al.
2021). Flexibility and sensitivity are also important factors affecting employability.

Dynamic changes in digitalization and automation of management procedures
requires qualitative knowledge management. “Human” is a key factor in business
administration and streamline of the system is required. The requirements of the
market for the necessary competencies and soft skills are increasing. Also increases
the necessity of interdisciplinary knowledge, digital literacy, and competence-based
management (Krpdlek et al. 2021).

According to Vroom’s “Expectancy Theory” (Vroom 1964) there is a relationship
between the effort put at work, the performance accomplished and the expectation
of rewards as result of the performance. Someone has a motive to acquire skills
or competencies since they believe that a good performance will lead to desired
outcomes (Seetha 2014). Bray and Howard (Bray and Howard 1983) focused on
managerial competencies by relating the personality and the motives someone has:
the motive of advancing faster than the colleagues, and the motive of achieving
high standards at work even when these standards exceed the necessary standards to
satisfy their superiors (Weber et al. 2009). E-government and digitalization increase
the demand for enhanced employee competences in the areas of information and
communication technologies. Technical skills and cognitive knowledge are required
to entry-level professionals. As their experience increases, the human skills become
necessary to upgrade their interpersonal relationships and manage effectively others,



36 A. Kargas et al.

to interact with others and invest in team building. Since managers are more qualified
and motivated, they exhibit higher levels of consciousness, openness and positive
personality traits towards employee management. Stevens and Campion (Stevens
and Campion 1994, 1999) developed a measure of “Knowledge, Skills and Abili-
ties (KSA)” for effectively staffing teams at working environment. Between setting
organizational goals and employee commitment the tacit knowledge is a valuable
mediator.

Hard competencies are a combination of technical and cognitive knowledge and
of skills, acquired by education, training and working experience. Soft competencies
are behavioral attributes, values, including ethics, attitudes and emotions expressed
through effective communication and interaction with others, in leadership, team-
work and interpersonal relations. A competency model is a descriptive measure that
identifies all knowledge, skills and behaviors necessary to perform effectively in an
organization (Lucia and Lepsinger 1999). Technical skills and abilities are required
to entry-level professionals. As their experience increases, the human skills become
necessary to upgrade their interpersonal relationships and manage effectively others,
to interact with others and invest in team building. They defined five dimensions
of competencies such as: “conflict resolution, collaborative problem solving, verbal
and non-verbal communication, setting specific goals and performance management,
planning and coordinating information and tasks to form role expectations” (Weber
et al. 2009).

Boyatzis (1982) was the first author that attempted to make a list of competencies
that would relate the managers’ performance effectiveness to specific competen-
cies. According to his list of competencies, managers’ performance was classified
at superior, average and poor. According to Boyatzis, more than 25 per cent of the
variance in managers’ performance could be attributed to these competencies. Perfor-
mance leads the earning capacity of an employee. He concluded at six clusters of
competencies namely: “goal and action management, leadership, human resources
management, directing subordinates, focus on others, and specialized knowledge”
(Boyatzis 1982).

According to Sandwith (1993), five areas of managerial competencies were iden-
tified, as: 1. Conceptual/creative: consisting of cognitive skills, 2. Leadership: make
plans and turn them to actions, 3. Interpersonal: skills to communicate effectively
with others, 4. Administrative: skills on the management of the organization, 5.
Technical: skills and knowledge on the job (Sisson and Adams 2013). Competencies
are talents brought at workplace exceeding rational behavior (Robotham and Jubb
1996; Seetha 2014). Leadership style based on individual competencies requires
the implementation of a model capturing all aspects of work in the digital world.
According to Krpdlek, et al. (2021) the leadership style and the perceived develop-
ment of employees’ skills, have influenced employees’ work commitment. Effective
management includes professionalism, reliability, information management, coping
with uncertainty and working under pressure, dealing with high levels of stress.

By studying the soft skills necessary for each business environment, recruiters
have a better chance to match the right candidate ensuring in that way retention
of employees. The selection process improves, the training process is easier, the
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company may apply improved development programs and the performance evalua-
tion is strengthened resulting at an increased profitability (Weber et al. 2009). Ibrahim
et al., (2017), on research of managers in Malaysian private companies, resulted
that the methodology of training to acquire skills significantly predict the employee
work performance. Authors support the “time—space learning” as prominent training
methodology to transferring knowledge and skills to employees. Gibler et al. (2020)
researched on corporate real estate managers from Australia, Hong Kong, the UK and
the USA. He researched on knowledge and skills necessary for effectively practicing
corporate real estate management. The factor analysis he performed resulted at eight
factors representing the core skills and knowledge including: “strategic management
skills, physical property skills, knowledge of external threat, globalization, financial
management skills, technology skills in traditional business functions areas and inter-
personal skills”. Similarly, Tunde Oladokun (2012) concluded that “financial perfor-
mance skill, corporate strategic planning, productivity skill, space management and
customer/employer management skill” are the most important skills required for real
estate management surveyors (Oladokun and Gbadegesin 2017).

In the retail industry and in the hospitality industry candidates are expected to
have competencies in customer service, in fluent communication, and also have
interpersonal and intrapersonal skills and other soft skills, as a basic entry-level
requirement. But in the service sector, a gap is observed between the qualified entry
level employees and their availability. Employees are lacking not only hard skills but
also soft skills necessary for professional success. They lack intrapersonal skills, they
are insufficient on customer service, and they have difficulties with time management.
According to Singh and Jaykumar (2019), this gap is increasing slowly and steadily
in time.

Digital Transformation raise new requirements in all aspects of business life, from
business models and new technologies (Acatech 2016), up to new job requirements
and unique specialized skills’ set needed (Grzelczak et al. 2017; Kergroach 2017).
Additionally, it changed job requirements in a direction that expected skills and
knowledges being not always obvious (Maisiri et al. 2019). It is wide accepted that
a gap exists between existing employees’ skills needed before Industry 4.0 (Prifti
et al. 2017) and skills required to successfully implement digital transformation
(Shvetsova and Kuzmina 2018).

Moreover, new skills and competencies needed are not exclusively technologically
oriented (Schallock et al. 2018) but should exceed technological parameters (Cotet
et al. 2017) including soft—skills such as life-long learning, deep knowledge of
different disciplines, behavioral skills (Prifti et al. 2017), alongside with interpersonal
skills, confidence/motivation, ethics/integrity and critical thinking (Foutty 2019).

Such a framework led to the need for skills and competencies recognition (Lorenz
et al. 2015; Zinn 2015), as well as to the development of training programs for
practical skills, soft skills, values, entrepreneurship capabilities and other compe-
tencies (Selamat et al. 2017). Research on the topic should specify which skills and
competencies are more valuable in order to facilitate their reaching goals on digital
transformation.
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3 Problem

Even though Digital Transformation and Industry 4.0 have a strong technolog-
ical orientation (Baur and Wee 2015), human factor should not be neglected
or ignored (Kargas et al. 2022b) as a result of the increased level of skill’s/
knowledge’s complexity required from the workforce of the future (Maisiri et al.
2019). Employees’ characteristics, skills and knowledge are gaining research interest
as a source of development (Gkika et al. 2022) and as a mean to reach innovation
(Kargas et al. 2022a).

Current paper focus on enlightening which are the current needs on skills/
knowledges alongside with tensions on skills/’knowledges related with innovation
development, when it comes with occupations such as “Managers” and “Profes-
sionals”. Proposed research aims on revealing existing patterns between executives
of these two occupations and recognizing in which skills and knowledges does
innovation lies between, as a mean to gain a competitive advantage under digital
transformation’s era.

4 Research Objective and Questions

Research’s objectives are to discover frequent or interesting patterns related with
the occupations of “Managers” and “Professionals” by using data gathered from the
ESCO database. A frequent collection of skills and knowledges (itemset) could indi-
cate the core requirements within the same occupation hierarchy, revealing existing
situation in both “Managers” and “Professionals” occupations. Likewise, interesting
variations among similar occupations could signal an innovation pursuit leveraged
by technological interventions or market advancements at the same occupations.
Research questions answered under current research are:

e Which are the frequent patterns of skills and knowledges when it comes to
“Managers” and “Professionals” occupations?

e Which are the interesting patterns of skills and knowledges when it comes to
“Managers” and “Professionals” occupations?

e Do exist patterns of skills and knowledges promising a more innovational
orientation?

5 Research Design

Research methodology is based on discovering key associations between the various
Skills and Knowledges regarding each occupation described in previous sections.
Proposed methodology is suitable for exploratory research purposes (Agrawal et al.
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1993) and is part of the machine learning field. Association rules used to express
patterns between occupations and skills/knowledges are:

e Support: is the percentage of groups that contain all of the items listed in that
association rule compared to the total items in the category.

e Lift: is a measure of importance and express the deviation of the rule from the
model of statistic independency between the antecedent (if) part of the rule and
the consequence. In other words, a part of the itemset has a positively (favour) into
a specific item and empirically when Lift > 2 it is considered as rule for further
elaboration.

High support indicates an expected mixture of skills/knowledges regarding the
occupations of Managers and Professionals, while high lift value indicates interesting
variations which highlight certain areas of innovation. The relationship between the
Occupation’s collection and the Skills/Knowledges’ collections is supported by an
intermediate data set listing the occupation, the associated skill and competences
and whether a knowledge or skill has essential (or optional) role for an occupation.
Analysis conducted reviewed optional skills and knowledge as required in order to
in depth study all existing possible relations.

6 Findings

Conducted analysis targeted two distinct occupations, namely “Managers” and
“Professionals”. Each occupation is described through and occupational profile,
containing description, scope and a list of skills and knowledges that are considered
as essential on a European scale.

Managers occupations’ category involve tasks of planning, organizing and evalu-
ating activities in any type of organization (governmental or enterprises) as a whole
or at the level of organizational unit, while as part of the job it is included the formula-
tion/reviewing of rules, regulations or policies as well (European Commission 2022).
Proposed occupation is classified into four major sub-groups: (a) Chief Executives,
Senior Officials and Legislators, (b) Administrative and Commercial Managers, (c)
Production and Specialized Services Managers and (d) Hospitality, Retail and Other
Services Managers.

Professionals occupations’ category involve tasks of increasing stock of knowl-
edge, applying scientific concepts and theories and teaching about the foregoing
(European Commission 2022). Proposed occupation is classified into six major sub-
groups: (a) Science and Engineering Professionals, (b) Health Professionals, (c)
Teaching Professionals, (d) Business and Administration Professionals, (e) Infor-
mation and Communications Technology Professionals and (f) Legal, Social and
Cultural Professionals.

At a first level of analysis, the twelve (12) most frequent appearing skills/
knowledges for both occupations were detected. Table 1 presents these frequent
appearing skills/knowledges which are totally different from the one occupation to
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Table 1 Most frequent appearing skills and knowledges

A/A Managers’ occupation Professionals’ occupation
1 Manage staff (skill) Perform scientific research (skill)
2 Manage budget (skill) Perform project management (skill)
3 Create solutions to problems (skill) Think analytically (skill)
4 Recruit employees (skill) Speak different languages (skill)
5 Adhere to organizational guidelines (skill) | Manage personal—professional
development (skill)
6 Have computer literacy (skill) Scientific research methodology
(knowledge)
7 Maintain relationship with customers (skill) | Write scientific publications (skills)
8 Use different communication channels Mentor individuals (skills)
(skill)
9 Ensure customs compliance (skill) Applying teaching strategies (skill)
10 Perform financial risk management in Publish academic research (skill)
international trade (skill)
11 Maintain relationship with supplies (skill) Think abstractly (skill)
12 Employment law (knowledge) Teach in academic or vocational

contexts (skill)

the other. Such a diversity is the result of each occupation’s nature and the different
priorities set to effectively perform it.

As far as Managers’ occupation is concerned, all items have a relative frequency
of more than 20%, while “manage budget” and “manage staff” have an item relative
frequency of more than 40 and 60% respectively. In contrast when it comes to Profes-
sionals’ occupation the twelve most frequent appearing skills and knowledges have a
small relative frequency of 0.1%, with “Perform Scientific Research” and “Perform
Project Management” exceeding 0.2%. Such a condition indicates that Professionals
have a larger variety of skills and knowledges, while there exist no skill or knowledge
being decisive for the occupation’s formation. Finally, it is worth mentioning, that
for both occupations under research, only one item out of the twelve most frequent
appearing skills/knowledge represents a knowledge, while all the rest include skills
oriented items.

At a second level of analysis and in order to enrich our understanding “Support”
measure was investigated. What is valuable with “Support™ is that helps identify rules
that are worth considering in order to expand our analysis. Such rules can include
the number of Skills/Knowledges that form an itemset. In such a case the higher the
“Support” the more information can be extracted regarding the relationship between
its items. Research put emphasis on investigating itemsets of at least four (4) Skills/
Knowledges and the frequency of appearance among all managers’ occupations.

When it comes to Managers’ occupation, results are presented in Fig. 1, revealing
that in the core of the above—mentioned analysis lie Skills/Knowledges such as:



Skills and Knowledges Expected in Digital Transformation’s Era 41

5_maximise-sales-revenues

5 _negotiate-sales-conlracts
S_measure-cusiomer-feedback

support
® 06
o® o

@ o
S_study sales-levels-of-products | (S.manage-budgels [5 adhere-to-organisational-guidelines | SUPPert

i 0.20
S_have-computer-ieracy S_maintain-relationship-with-suppliers
S_monior-cuslomer-senice

5_maintain-relationship-with-customers
K_employment-law

0.16

5 _ensure-customs-compliance

5_create-solutions-to-problems

5_order-supphes

S _negotiate-buying-conditions

5 _perform-financial-risk-management-in-internaticnal-trade

Fig. 1 Managers’ support graph

Manage Staff (Skill),

Manage Budget (Skill),

Maintain Relationship with Customers (Skill),
Adhere to Organizational Guidelines (Skill),
Maintain Relationship with Suppliers (Skill),
Recruit employees (Skill)

Employment Law (Knowledge),

Monitor Customer Service (Skill) and

Study Sales—Levels of Products (Skill).

e A o o

These eight (8) skills and one (1) knowledge are more frequently appearing when
itemsets of fours are studied. The first six are also having a high frequency appearance
when studied as stand-alone measures, while the rest four seem to be the most frequent
appearing supplementary skills (Fig. 1).

At the same time, Professionals’ occupation has a large number of skills
contributing to its formation. There exist 3 times more skills required in Profes-
sionals than in Managers. More precisely there exist thirty-one (31) skills formatting
the proposed occupation, while there exist no specific knowledge. Namely, the skills
more frequently appearing when itemsets of fours are studied include:

1. Communicate with a non-scientific audience (Skill),
2. Synthesize information (Skill),
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31.
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Promote open innovation in research (Skill),

Operate open-source software (Skill),

Draft scientific or academic papers and technical documentation (Skill),
Promote the transfer of knowledge (Skill),

Apply blended learning (Skill),

Interact professionally in research and professional environments (Skill),
Apply research ethics and scientific integrity principles in research activities
(Skill),

Manage intellectual property rights (Skill),

Manage research data (Skill),

Apply for research funding (Skill),

Think abstractly (Skill),

Evaluate research activities (Skill),

Manage findable—accessible—interoperable and reusable data (Skill),
Develop professional network with researchers and scientists (Skill),
Promote the participation of citizens in scientific and research activities (Skill),
Disseminate results to the scientific community (Skill),

Conduct research across disciplines (Skill),

Think analytically (Skill),

Manage open publications (Skill),

Manage personal, professional development (Skill),

Publish academic research (Skill),

Mentor individuals (Skill),

Increase the impact of science on policy and society (Skill),

Write scientific publications (Skill),

Promote inclusion in research (Skill),

Demonstrate disciplinary expertise (Skill),

Speak different languages (Skill),

Teach in academic or vocational contexts (Skill),

Perform project management (Skill).

Comparing the above-mentioned skills and the most frequent appearing stand-

alone skills, there exist only two differentiations. “Scientific Research Method-
ology (Knowledge)” and “Applying Teaching Strategies (Skill)” even though being
frequent appearing they seem to be excluded from itemsets of four skills (Fig. 2).

At a third level of analysis, “Lift measure was studies in order to provide evidence

about unexpected occurrences of Skills/Knowledges, revealing where innovation
exists regarding managers’ occupation category. Figure 3 provide such evidence, by
revealing most prominent and less expected Skills/Knowledges, when it concerns
Managers’ occupation. Namely there exist the below mentioned six (6) Skills, while
only one (1) Knowledge is included (Fig. 3):

1.

Handle Carriers (Skill),

2. Minimize Shipping Cost (Skill),
3. Manage Freight Payment Methods (Skill),
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Hazardous Freight Regulations (Knowledge),
Carry out Inventory Control Accuracy (Skill),

N s

Forecast Distribution Activities (Skill).

Ensure Regulatory Compliance Concerning Distribution Activities (Skill) and

Regarding Professionals’ occupation most prominent, less expected, innovational
skills are presented in Fig. 4. There exist nine (9) such skills, while no Knowledge

is included. Namely these skills are (Fig. 4):

Monitor educational development (Skill),
Develop course outline (Skill),

Demonstrate when teaching (Skill),

Keep records of attendance (Skill),

Assist in the organization of school events (Skill),
Compile course material (Skill),

Liaise with educational support staff (Skill),
Monitor developments in field of expertise (Skill),
Liaise with educational staff (Skill).

A SIS o S
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7 Contribution

Proposed results contribute to reveal existing and prominent skills and knowledges
when Managers and Professionals occupations are studied. Regarding Managers
occupation there exist six (6) skills and one (1) knowledge that seem significant in
both single view analysis (frequency of appearance) and itemset analysis (itemset
of four). Table 2 presents the full list of skills and knowledges under both analyses
conducted. Moreover, current research contributes on revealing which skills and
knowledges seem more appropriate to help managers meet business operations’ needs
over a complex network of activities and shared resources. Results indicate a tension
of expanding managers’ competencies related with supply chain management, which
is strongly associated with companies’ digital transformation under Industry 4.0
framework, while less emphasis is put on Employees—Suppliers—Customers.

As far as Professionals are concerned, results contribute on understanding the
occupation’s complexity when it comes to competencies needed. There exist ten
(10) Skills, but no Knowledge that seem significant in both single view analysis
(frequency of appearance) and itemset analysis (itemset of four). Most of these skills
are related with self—competencies and less with mentoring or people management.
A totally different view exists when it comes to interesting variations, where most
prominent skills are related with supporting activities and teaching. Such a framework
indicates the need to transform interaction with audience to a more interactive, digital
experience.

Table 2 Managers’ significant skills and knowledges

Single view Itemset view
Manage staff (skill)
Manage budget (skill)

Recruit employees (skill)

Adhere to organizational guidelines (skill)

Maintain relationship with customers (skill)

Maintain relationship with suppliers (skill)

Employment law (knowledge)

Create solutions to problems (skill) Monitor customer service (skill)

Have computer literacy (skill) Study sales—Ilevels of products (skill)

Use different communication channels (skill) -

Ensure customs compliance (skill) -

Perform financial risk management in international | —
trade (skill)
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8 Practical Implications

Results enlight which are the most important and promising skills and knowledges
when it comes to Managers and Professionals occupation. Such a contribution
can be of high importance in business, academic and training level. In business
level results can reveal convergencies/divergencies of existing skills and knowledge
between existing situation and optimal condition as described in the paper. Gaps
can be covered with training for both existing employees and newcomers. Moreover,
promising—interesting skills and knowledges revealed provide valuable informa-
tion regarding forthcoming tensions when it comes to managers or professionals,
indicating areas for future competencies’ empowerment.

In academic and training level results enlight areas of existing or future expertise,
indicating what market evaluate as significant. Academic and vocational training
include both knowledge cultivation and skills raise. Their proportion, the depth of
analysis and the areas of expertise under train should be constantly adjust to current
and future needs. Especially when it is expected the passing to the digital era, under
the Fourth Industrial Revolution (Industry 4.0), such a adjustment it is more and more
necessary for national economies in order to maintain their competitive advantage
and for employees so that to remain in the labor market.

9 Limitations

Proposed methodology is applied to the most recent data coming from ESCO. This
kind of analysis can be characterized as a “snapshot” of current situation when it
comes to skills and knowledges of selected occupations. Even though it provides in
depth analysis of existing data, it lacks information regarding changes and progresses
conducted during the past years. Such a limitation makes difficult to understand
which skills and knowledges gained or lose significance while digital transforma-
tion passed from research interest to operational implementation in many sectors.
Conducting analysis in regular basis, when ESCO’s data change, could provide
valuable information and restrict proposed limitation’s significance.

10 Recommendations for Further Research

As far as future research is concerned, expanding analysis across Atlantic Ocean
could provide valuable information. In U.S.A. there exist O¥*NET OnLine, a database
similar to ESCO, that follows a distinct approach and classification. Extracting data
and comparing results can provide significant results regarding “interesting” patterns
of skills and knowledges that can drive innovation development. It should be taken
into account that the structures of these two databases are different, making any
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comparisons difficult at the point without significant data manipulation in order to
homogenize results.

Moreover, as part of future research could be the use of Dominance Analysis (DA)
as a mean of predictive modeling, for tensions in skills and knowledges required in
the future. It is methodology that can be used to compare the relative importance of
each skill and each knowledge in relation to the occupation under research. Domi-
nance Analysis can provide more valuable prediction since it goes beyond just the
decomposition of the focal model fit statistic, by producing three distinct results for
each skill/knowledge to compare contribution to the proposed occupation as a whole.
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Abstract Exceptional developments in digital technologies have made some of the
old theories outdated; hence, there is a need to explore digital transformation through
a holistic lens and within various industries and countries. Consequently, we intro-
duced the case of digital transformation of business models as it takes shape in the
Israeli HealthTech. We conducted 10 semi-structured expert interviews and comple-
mented these with digital archival data for triangulation. External (e.g. shortage of
workforce) and internal (e.g. low digital capabilities) challenges have highlighted the
need for digital transformation of business models in healthcare. Thus, we introduce
these challenges and the potential value creation in the industry. We also present how
Israeli HealthTech start-ups solve challenges and create value in the process. In this
way, we contribute to the business model innovation and digital transformation liter-
ature. Specifically, in healthcare, we show how value-based healthcare takes place
in practice.

Keywords Business model - Business model innovation + Digital start-up -
Digital technology - Digital transformation - Digital transformation of business
model - HealthTech + Telemedicine - Value capture + Value creation

1 Introduction

For over a decade, digital technologies have played a fundamental role in restruc-
turing, reorganizing, and revamping multiple industries (Fitzgerald et al. 2013;
Llopis-Albert et al. 2021) by becoming a driver for the creation and development of
new digital products and services (Bharadwaj et al. 2013; von Briel et al. 2018; Yoo
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et al. 2010, 2012). Most importantly, they have influenced modern business models
(BMs) (Veit et al. 2014; Weill and Woerner 2013) because they have produced many
gains upon their implementation (Matt et al. 2015; Westerman and Bonnet 2015),
such as improving performance (Srinivasan and Swink 2018) and creating new busi-
ness opportunities (Teece and Linden 2017). Altogether, their diffusion has assisted
with pushing forward digital transformation (DT) throughout the business world
(Nambisan et al. 2019).

Similar to digital technologies, DT grants many benefits (Anthony et al. 2019);
for instance, it too enhances firms’ performance (Tsou and Chen 2021) and offers
such novel additions as improving customers’ experience (Westerman et al. 2014)
and sustaining competitive advantage (Brock and von Wangenheim 2019). There-
fore, nowadays, we see ongoing DT processes across many sectors, domains, and
industries (Chanias et al. 2019; Matt et al. 2015).

One industry in particular that has been undergoing DT inrecent years is healthcare
(Kraus et al. 2021). A report by BDO states that 93% of US healthcare organizations
have either created a DT strategy or in the process of such creation (BDO United
States 2021). Consequently, digital technologies have been diffused by healthcare
providers in an attempt to bring about better treatments, diagnostics, and general
patient engagement (Marques and Ferreira 2020). The recent COVID-19 pandemic
and its ramifications have become a recognized force further accelerating this process
(Tortorella et al. 2022) due to the need to maintain social distancing to reduce the
spread of the virus (Lee and Lee 2021) and protect medical staff (Baudier et al. 2021).

Nevertheless, in general, adding digital technologies to existing BMs is not an
easy task (Caputo et al. 2021). Thus, COVID-19 aside, the implementation of digital
technologies in healthcare has been very slow or non-existent (Oderanti et al. 2021)
because of the natural risks involved (Kulkov et al. 2021). There are many variables to
consider when trying to complete digital technology implementation in this industry,
such as passing through heavy regulations (Mathews et al. 2019) and getting physi-
cians and patients to trust the technology enough to use it (Baudier et al. 2021). For
these reasons, it remains to be seen whether DT of BMs (DTBM) in this industry
can be sufficient to solve its challenges.

The topic of DT in healthcare has resulted in many academic studies (Kraus et al.
2021). However, it appears little is known about which of the new BMs in healthcare
are, in fact, effective (Oderanti et al. 2021). Moreover, most research on this topic
has not explored the important innovation agents referred to as HealthTech start-
ups. Previous research by Garbuio and Lin (2019) classified artificial intelligence
(AI)-based HealthTech start-ups according to their value-creation opportunities. Our
research is novel, however, because it broadens the outlook to digital start-ups who
use varieties of digital technologies and focus on the way they diffuse these to solve
the industry’s challenges (Nambisan et al. 2019). Predominantly, they do so as part
of the entire digital entrepreneurial ecosystem (DEE) (Autio et al. 2018). As a result,
we also contribute to the emerging digital entrepreneurship literature (Gehde et al.
2022).

In summary, our research objective is to deliver additional evidence using the
Israeli landscape for BM innovation (BMI) and especially DTBM in healthcare,
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which are enabled by the previously mentioned entrepreneurial businesses referred
to as HealthTech start-ups (Beaulieu and Lehoux 2017). In this way, we intend to
further advance the field of DTBM.

Our paper progresses as follows. First, we take a thorough look at the relevant
BMI and DT literature to learn about current theoretical approaches in general and
in healthcare specifically. Thereafter, we explain our qualitative research design and
present our findings. Last, we discuss these findings and emphasize our study’s
contribution to research and practice.

2 Theoretical Background

2.1 Business Model and Business Model Innovation

Although BMs are a fundamental business approach in management practice and
research (Alt and Zimmermann 2001), they still lack a unanimous definition (Ritter
and Lettl 2018). Nevertheless, while scholars cannot seem to agree on what a BM
is (Demil et al. 2015; Schneckenberg et al. 2022), there is a common understanding
regarding what it does (Teece 2018)—a BM is a framework for understanding how
a firm conducts its business and enriches its stakeholders (Amit and Zott 2012; Zott
et al. 2011)—and, equally important, within which boundaries it does so (Doz and
Kosonen 2010; Plekhanov et al. 2022; Zott and Amit 2008). Therefore, scholars can
now grasp that, while a firm creates value in the form of products and/or services, it
captures value in the form of financial revenues in return (Teece 2010, 2018). Another
salient component of the BM is the value proposition (VP) (Osterwalder et al. 2015),
which is defined as the benefits customers reap when using the firm’s products and/
or services (Morris et al. 2005).

As previously explained, digital technologies strongly affect BMs (Spieth et al.
2014). Nevertheless, they are no longer sufficient on their own to achieve significant
business goals, such as, creating and sustaining a competitive advantage (Baden-
Fuller and Haefliger 2013; Chesbrough 2007). Even now, with extraordinary techno-
logical advancement (Llopis-Albert et al. 2021), using digital technologies for that
goal remains quite challenging (Bonnet and Westerman 2020). Moreover, sometimes
digital technologies can add more intricacies into the mix (Nambisan et al. 2017).
Therefore, firms these days opt for a different approach of innovating their BMs
(Amit and Zott 2020) because such a strategy is deemed to be more effective on one
hand (Anwar 2018) and harder to imitate on the other (Amit and Zott 2012).

However, although naturally and closely related to the research topic of BM (Wirtz
et al. 2016), in recent years, BMI has become a standalone concept (Schneider and
Spieth 2013) that is quite intricate to study (Massa et al. 2017). By and large, as
BMI is quite a complexed research concept, it merits strong empirical evidence
(Schneckenberg et al. 2022). BM, as previously mentioned, is the way a firm creates
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and captures value; BMI, then, is considered new ways in which it does so (Casadesus-
Masanell and Zhu 2013). Therefore, generally, BMI is defined as new modifications
to any of the BM’s components, i.e. value-creation, value-capture, value-delivery,
VP, and/or what links them together (Foss and Saebi 2017).

As long as they intend to sustain their value creation and capture abilities (Achten-
hagen et al. 2013), firms innovate their BMs in reaction to exogenous changes in their
environment (Schneider 2019). There are external antecedents for such changes—for
example, changes in customers’ preferences (Markides 2006)—as well as internal
antecedents, such as newly developed dynamic capabilities (DCs) (Teece 2018),
which we will define in the next section. Altogether, despite continuous scholarly
debate, little is known about the connection between these environmental changes
and BMI (Hacklin et al. 2018).

2.2 The Digital Economy

Digital Transformation. As mentioned before, in recent years, DT has become
a major research topic (Dabrowska et al. 2022). Nonetheless, despite its practical
usefulness (Anthony et al. 2019), just like BM, it also lacks a commonly agreed-
upon definition (Hanelt et al. 2021). Further, the fact that many people use other
related trending terms (e.g. ‘digitization” and ‘digitalization’) interchangeably with
it has exacerbated this challenge (Ritter and Pedersen 2020). Overall, DT is consid-
ered a guide for a much-needed organizational change considering all the digital
technological developments (Verhoef et al. 2021) that warrant a holistic perspective
(Schallmo et al. 2022). Therefore, for this study, we define DT as a series of actions
in which a variety of digital technologies are connected to revamp businesses as a
whole and/or specifically their processes (Vial 2019). In sum, DT is suggested to
positively influence BM (Berman 2012); hence, these two concepts are interrelated
(Kraus et al. 2022). This determination has made DT a significant essence of any
modern business (Hess et al. 2016).

Digital Transformation of Business Models. We mentioned the antecedents for
BMI in the previous section. Such bearings are predominantly perceived as oppor-
tunities to offer customers new and unique VPs (Schallmo et al. 2019). Although,
as explained, technology cannot be used on its own to achieve BMI, one cannot
underestimate its influence (Rachinger et al. 2018). Therefore, DTBM is defined
as the way businesses generate new products, elements, and processes in the BM
by utilizing digital technologies (Schallmo et al. 2017). By virtue of being a solid
foundation for the holistic digitalization theory, it is strongly recommended that
scholars continue analysing DTBM in different sceneries, such as across countries
and industries (Schallmo et al. 2022).

Digital Capabilities. Building DCs that assist in driving forward DT is essential
for any firm that wishes to reap the previously mentioned benefits (Warner and Wiger
2019). There are many definitions for the DC concept (Barreto 2010); however,
because DT influences the way firms interact with their environment (Plekhanov
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et al. 2022), for this research we define it as how firms react to changes in their
environment and create, develop, sustain, improve, and consolidate much-needed
and relevant proficiencies, skills, and expertise (Teece 2010, 2018).

A few decades ago, business organizations were occupied with achieving opera-
tional excellence (Treacy and Wiersema 1993) by, for example, eliminating mistakes,
becoming cost effective, and delivering value in the proper time to their customer
base (Hammer 2004). Additionally, at the dawn of the millennium, business orga-
nizations, upon understanding the need for information technologies (IT) (Dewett
and Jones 2001), focused on achieving a high level of IT capabilities. Such are
defined as the capability of firms to employ, implement, and foster IT (Bharadwaj
2000). Lastly, in other related areas, business leaders, other than naturally creating
innovative products and services via state-of-the-art processes, also concentrated on
hiring the right people and maintaining the right partnerships (Dahlgaard and Dahl-
gaard 1999). Alas, it is suggested that developing such operational capabilities, e.g.
manufacturing, accounting, marketing, finance, etc. (Teece 2007), are insufficient for
maintaining competitive advantage. Unfortunately, with today’s digital technological
developments these are very easy to imitate (Teece 2014).

Therefore, nowadays, firms are expected to become “digital masters” instead
(Bonnet and Westerman 2020). Consequently, achieving a high level of digital capa-
bility is imperative to firms with success aspirations (Levallet and Chan 2018). Such
capabilities allow them to use digital technologies to improve their operations and
processes (Bonnet and Westerman 2020). Therefore, digital capabilities are defined
as the ability of digital technological systems to bring swift information and results
to customers without using external agents (Lyytinen et al. 2016). Digital capabilities
assist business leaders to foster the transformative abilities of digital technologies
and thus boost their undertakings (Bonnet and Westerman 2020). Nonetheless, these
capabilities that enable DT in organizations have stirred little to no scholarly debate so
far (Warner and Wiger 2019). However, as such capabilities are developed constantly
with the advancement of digital technologies (Bonnet and Westerman 2020), there
is a strong need to continue researching them further (Chaudhuri et al. 2022).

Digital Entrepreneurial Ecosystem. As emphasized, digital technologies are
used to revamp existing or create new BMs (Casadesus-Masanell and Ricart 2010;
Schallmo et al. 2017). Hence, the formerly mentioned boundaries firms used to
operate at are, in fact, diminishing (Plekhanov et al. 2022), and such firms become
part of complete digital ecosystems (Weill and Woerner 2013).

In the past decade, DT has become a salient force for the creation of digital ecosys-
tems (Plekhanov et al. 2022). An ecosystem in the managerial context evolves when
a group of organizations cooperates to create and capture better value (Williamson
and De Meyer 2012). Moreover, the focal point in such ecosystems is the ultimate
joint VP, which cannot be achieved by any of the firms on their own (Lingens et al.
2021). In the same way, a digital ecosystem is considered a business ecosystem that
is engendered by single or several digital technologies (Kopalle et al. 2020). In such
digital ecosystems, customers, suppliers, and other actors take part as co-creators
(Magistretti et al. 2019).
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Further, in recent years, various digital ecosystems have evolved around the
concept of industries’ technologies, such as financial technologies (FinTech) (Palmié
et al. 2020), educational technologies (EdTech) (Hughes 2019), and agricultural
technologies (AgTech) (Berman and Schallmo 2021). Such digital ecosystems are
referred to as DEEs (Sussan and Acs 2017) and defined as the consolidation of key
actors in an area and/or industry who jointly assist with promoting digital start-ups
(Du et al. 2018). The goal is to foster the ability of entrepreneurial organizations to
assist in solving challenges for regions and/or industries (Silva et al. 2018).

Thus, we understand that the main actors within such DEEs are, in fact, digital
start-up companies. These entrepreneurial business entities are defined as new
entrants that promote BMI within these mature industries (Babenko et al. 2022) by
capitalizing on digital affordances (Autio et al. 2018). Although starting to receive
scholarly attention (e.g. Palmié et al. 2021) we still know little about the role of digital
start-ups as value creators in such digital ecosystems (Ojaghi et al. 2019; Spadoni
et al. 2019).

2.3 Digital Transformation of Business Model in Healthcare

Background. As the world’s population continues to grow, hospital beds globally
have reached a problematic state of deficit (Maclntyre et al. 2019). Even in Euro-
pean countries where the population increase is relatively mild, they suffer the same
consequence due to new reforms that resulted in cuts to healthcare budgets (Peco-
raro et al. 2021). Further, because of a global aging population (Reynaud and Miccoli
2018), the demand for medical specialists has grown significantly, and the developed
world is about to experience a worrying medical personnel shortage in the not-too-
distant future (Scheffler and Arnold 2019). Last, the future economic stress caused
by expected increases in all health-related expenditures is a worrying trend as well
(Oderanti et al. 2021). Therefore, for all these reasons and more, healthcare providers
in recent years started revamping their traditional BMs (Deloitte Centre for Health
Solutions 2020a) and have been searching for ways to shorten their processes while
at the same time achieving better results (Rizwan et al. 2018).

Nowadays, we see an increase in the attempts to use more sophisticated digital
technologies on-site (Agarwal et al. 2010). For instance, Al is implemented in areas
where there is a significant use of imagery, e.g. radiology (Kulkov 2021); blockchain
is used where there is a need to secure delicate medical data (Massaro 2023); and, of
course, for many years we have been hearing about the almost science-fiction-like
3D bioprinting of organs for transplantations (Rong et al. 2018), even the ability to
print a heart (i24NEWS 2019). However, this is only one side of the picture and just
a handful of the digital technologies shaping the medical capabilities of healthcare
providers.

Shift in the Industry’s Business Models. In many Far East countries, the BM
component of value capture in healthcare works in a way that the patient pays the
provider as long as they are well (Lentz 2015). Until recently, it was exactly the
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opposite in the Western world. For example, in the US, providers were getting paid
based on their patients’ hospitalization time (Schroeder et al. 2013). This BM is
similar to that of hotels and originated with an implausible mechanism that incen-
tivized keeping people hospitalized (Cox et al. 2016). Unsurprisingly, the former
gives medical agents an incentive to basically do the job they were meant to do.
Therefore, in recent years, Western medicine has realized the value of such methods
and started concentrating on the concepts of wellness and prevention, i.e. keeping
patients as healthy as possible instead of managing their conditions (Vesselkov et al.
2018). This is, by and large, a reaction to changes in policies as well; nowadays, the
incentive mechanisms are based on pay-for-performance, i.e. the goal is to reduce
hospitals admissions and not vice versa (Cox et al. 2016).

Additionally, as previously mentioned, until a few years ago, most of the digital
innovations were on-site (Tortorella et al. 2021) with not enough concern for the way
providers communicated with patients (Vesselkov et al. 2018). Nevertheless, patients
started taking a more involved and active role in the healthcare process (Leone et al.
2021). Their role has increased so much in recent years (Danaher and Gallan 2016)
that they are considered an integral part of many health organizations, i.e. they engage
in an employees-like involvement and pertinence (Mende 2019).

The biggest relevant challenge of all, though, is the fact that spending money does
not necessarily yield better or even decent results. For example, in the US, although
the expenditure per capita is among the highest in the world, the life expectancy is
relatively low (Squires and Anderson 2015). Consequently, providers have started to
move away from their traditional methods (van Velthoven et al. 2019) and converted
to value-based healthcare (VBHC) (Kokshagina 2021; Peters et al. 2015), which is
defined as the ratio between the results that patients value and the costs involved
in achieving them (Kaplan and Porter 2011; Porter and Lee 2013). Nevertheless,
to date, research on how providers can practically shift from traditional models to
VBHC is limited (Kokshagina 2021).

It has been motioned that implementing digital technologies may actually improve
healthcare services (Laurenza et al. 2018). Therefore, as DT is the improvement
of businesses via digital technologies (Schallmo et al. 2019), although still in its
research infancy (Garcia-Perez et al. 2023), DT in healthcare is attributed to how
using digital technologies one can achieve superior and much more secured medical
results (Haggerty 2017), i.e. a significant change in the workflows within all or part
of a healthcare provider’s landscape (Agarwal et al. 2010).

The Emergence of Telemedicine. One method that enabled the increase in
patients’ involvement, which is essential for value creation (Dahl et al. 2021), digital
ecosystem (Susanto et al. 2021), and VBHC (Randhawa et al. 2021), is telemedicine
(Sermontyte-Baniule et al. 2022). Telemedicine is defined as virtual health solutions
enabled by sophisticated digital technologies (WHO Global Observatory for eHealth
2010), and it is connected to HealthTech because it solves a medical problem (Moro
Visconti 2021). Its emergence has been a gamechanger, using value co-creation via
the implementation of complementary digital technologies, e.g. Internet-of-Things
(IoT) (Niemela et al. 2019).
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One of the new VPs this development enabled has been the fact that people no
longer need to meet their physicians face-to-face in all cases. On the contrary, in
most cases, they can do so virtually, instantly, and in any place of their choosing
(Baudier et al. 2021). Further, by using various wearables or seamless technologies,
they seem to be able to get at least the same results as in person if not better ones
(Drago et al. 2023).

It is suggested that telemedicine not only has assisted healthcare providers with
delivering better value to their patients but also allows patients to focus on their
wellness (Vesselkov et al. 2018). Certainly, this method seems to better adhere to
patients’ preferences (Hu et al. 1999). For instance, people who live in rural areas can
finally gain access to health services or those of a higher degree (Chandwani et al.
2018). Further, by using such technologies, providers can reduce operational costs
(Akter et al. 2022) and free much-needed workload from their medical workforce
(Sun et al. 2020), who even today suffer from a significant deficit in their numbers
(Go Jefferies et al. 2019).

Solutions like telemedicine seem like the epitome of holistic digitalization. Never-
theless, despite all its related advantages, it remains to be seen whether this trend
will continue in a post-pandemic world and what its future business impact will be
(Lee and Lee 2021).

2.4 Research Questions

Building on the theoretical knowledge brought forward in this section and combining
it with our research objective, we aim to answer the following research questions:

RQ1. Which challenges is the healthcare industry trying to cope with these days?
RQ2. How are digital technologies used in healthcare for value-creation?

RQ3. How do HealthTech start-ups use digital technologies to create such value for
patients and providers and, at the same time, solve the industry’s challenges?

3 Methods

3.1 Research Design

Inrecent years, a question has been raised about what drives DTBM across countries
and industries (Schallmo et al. 2022). Therefore, to promote DTBM research, we
elected to investigate the Israeli HealthTech setting. We chose Israel as it is considered
a start-up nation (Goldberg 2012) with a very high start-up per capita ratio (Hashai
2015). Further, its HealthTech DEE is vibrating with many digital start-ups (Lovis
and Gamzu 2015), and these operate and thrive in many of the fields previously
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described (Orbach and Ravet 2020). This, in return, has amassed an exceptional
amount of venture capital funding, reaching almost $2 billion in 2021 (Start-Up
Nation Central 2022).

Further, the area of DT and its complexities (Ivanci¢ et al. 2019), combined
with the fact that our research questions are of the “which (what)” and “how”
kind (Korstjens and Moser 2017), led us to take an exploratory qualitative
research approach (Eisenhardt and Graebner 2007). Additionally, since, as formerly
mentioned, there is not enough empirical evidence in the studied field and topics, we
opted for a case study methodology (Yin 2017). Consequently, a single case study
of the revelatory method was used because DTBM is still considered a new and
underexplored concept (Schallmo et al. 2017); thus, it represented a fit (Dremel et al.
2017).

Our predominant goal was to include practitioners in this research to gain valuable
empirical evidence for advancing the field of BMI (Schneckenberg et al. 2022) and
DTBM (Schallmo et al. 2017) and, as a result, also holistic digitalization (Schallmo
et al. 2022). Especially within such research in the sub-field of innovation in health-
care, it is imperative that we broaden our perspective and dig deeper via in-depth
interviews (Gehde et al. 2022). For these reasons, we conducted semi-structured
expert interviews to gain insights into existing means (Bogner and Menz 2009) as
such methodology is the main focal point for any qualitative study (Gioia et al.
2013). Moreover, it is deemed an appropriate way to eventually analyse theoretical
approaches (Brinkmann and Kvale 2015).

Further, qualitative methods require multiple data sources (Gioia et al. 2013).
Thus, for triangulation, we used archival digital data observation research method-
ology (Ventresca and Mohr 2017) as this has become quite popular in the field of
management research in recent years (e.g. Cozzolino et al. 2021; Tob-Ogu et al.
2018). Such methodology allows scholars to deal with research questions that they
could not have addressed in the past (Calantone and Vickery 2010); even more, it
complements expert interviews well (Vogt et al. 2012). In this way, we were able to
close our research design loop entirely.

3.2 Data Collection and Analysis

Semi-Structured Interviews. To answer RQ1 and RQ2, we used data collected in
our expert interviews. As shown in Table 1, during the months of July and August
(2022), we conducted 10 interviews with an even split between HealthTech start-up
founders and leaders and other related practitioners. These interviews were recorded
and transcribed.

We applied a semi-structured interview methodology as we wanted to receive a
detailed response from our experts (Bogner and Menz 2009), and these provided a
decent level of adequate information (Harrell and Bradley 2009). Our goal was to
learn about common practices in the field while gaining new knowledge, if possible,
by using open-ended questions (Labuschagne 2003).



60 T. Berman et al.

Table 1 Experts interviewed

Position Organization Interview
date
El Senior radiologist A public hospital 13/07/2022
E2 Founding partner & CIO HealthTech-focused venture 14/07/2022
capital fund
E3 Former HealthTech investor and current | HealthTech bottom-up 14/07/2022
head of community community
E4 Head of Innovation Center A public hospital 17/07/2022
E5 Director of Start-ups at Innovation Group | A public hospital 27/07/2022
E6 Co-Founder & CTO HealthTech start-up 13/07/2022
E7 Founder & CEO HealthTech start-up 14/07/2022
E8 CTO HealthTech start-up 18/07/2022
E9 Co-Founder & CEO HealthTech start-up 26/07/2022
E10 | Co-Founder & CTO HealthTech start-up 02/08/2022

For the interview analysis, we used a thematic analysis methodology (Aronson
1995) as it offers much research flexibility and enables researchers to find patterns
within and between data correlating to the interviewees’ experiences, beliefs, views,
and practices (Braun and Clarke 2006). To establish reliability, two experienced
researchers coded the 10 interviews separately with 93.92% agreement. The calcu-
lated Cohen’s Kappa was 0.64, which is quite acceptable and significant (Banerjee
et al. 1999).

Finally, to report our findings, we used extensive direct quotes and presented the
results from actual data, which directly related to what the participants said (Yardley
2000).

Archival Data. To answer RQ3 and to complement RQ1 and RQ2 (Vogt et al.
2012), we used digital archival research (Ventresca and Mohr 2017). We browsed
companies’ websites and third parties’ digital data websites, e.g. Start-up Nation
Central Finder and Crunchbase, as such related and relevant data collection is
acceptable for our study (Marra et al. 2015).

To analyse our gathered archival data, we built on Garbuio and Lin’s (2019)
methodology combined with Remane et al. (2016); we elaborate on this in the
Discussion section. This combination is similar to our earlier work (Berman et al.
2021).
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4 Findings and Discussion

4.1 Challenges of the Healthcare Industry

BMs are a dynamic framework (Teece 2010) and therefore should echo new market
conditions (Demil and Lecocq 2010), such as changing customers’ preferences
(Markides 2006) or new technological developments (Giesen et al. 2010). Never-
theless, firms also occasionally face internal challenges and/or developments such as
newly developed and/or lack of required organizational DCs (Teece 2018). Overall,
more often than not, businesses attempt to endure such challenges via the diffusion
of digital technologies (Spieth et al. 2021) and modify and transform their BMs
accordingly (Egfjord and Sund 2020; Schallmo et al. 2017). Thus, they design their
complete digital strategy based on these factors (Schallmo et al. 2019).

External Challenges. Our data indicate that the healthcare industry is suffering
from global external challenges. These challenges have been troubling governments
and healthcare leaders for many years (Helfert 2009).

Shortage of Medical Staff and Related Specialists. As mentioned earlier, the
Western world is on the cusp of experiencing a worrying shortage of medical workers
(Zhang et al. 2020). In the US alone, by 2034, there will be a momentous deficit of
roughly 40,000-120,000 physicians (Dall et al. 2021). It is acceptable to concentrate
on physicians and specialists, who mainly deal with treating serious health conditions;
nonetheless, the problem does not end there. Other healthcare-related professionals,
such as optometrists (Young 2022) and nurses (Mitchell 2022), are in a severe state
of deficit as well. The nursing profession should not be taken lightly whatsoever as
shortage of such a salient workforce may endanger patients and reduce the quality
of care (Tang et al. 2019); any shortage of complementary professionals, such as
optometrists, would increase the pressure on ophthalmologists (Baker et al. 2016)
and reduce people’s quality of life. “The demand for healthcare constantly increases,
and, unfortunately, the staff numbers remain constant. It’s true especially for us in
the radiology department. If, two decades ago, we used to decipher roughly 5 CT
tests in one night, nowadays, we complete 60. Don’t get me wrong; the staff numbers
have slightly gone up, but not 12 times obviously... Thus, the burden inflicted on the
current staff members is truly troublesome.” (E1). “One of the biggest challenges
of optometry is that people don’t study this profession anymore. Therefore, there’s
a huge shortage of optometrists...not only in countries like China or India but also
in West Europe. I'm talking about a mere situation that, if someone’s glasses broke,
they’ll need to wait in some of the German cities for six months until they can go to an
optometrist and get a prescription for new ones. So, at the shops of this optics chain
we work with, there’s no one really who can help you... I mean, they are available in
many locations; it’s just that they don’t have the manpower. There’s no way to train
new optometrists...” (E8).

Concurring with the findings of (Taylor 2020), this snowball effect, where the
demand for medical staff far exceeds the supply, happens for three main reasons:
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(1) Training—It takes many years to train doctors, nurses, and other related profes-
sionals, and creating more schools and academic programs for that purpose may take
even longer (Scheffler and Arnold 2019). (ii) Retaining—The formerly mentioned
shortage of nurses, for instance, has made the available nurses dissatisfied with their
situation and inability to care for their patients well, resulting in many of them leaving
the profession (Aiken et al. 2017). “I would like to see more nurses... And that’s an
incentives question, a public resources question... If you pay nurses a better wage
and you give them better conditions, then you’ll get more nurses. If you do what
we’ve done during the pandemic, they’re going to find another profession. So, we’re
not going to create a virtual nurse.” (E3). (iii) Recruiting—Heavy bureaucracies,
standards, budgets, and other related problems have prevented healthcare providers
from enlisting new physicians (Ahmed et al. 2020; Taylor 2020). Needless to say,
COVID-19 has made this entire situation even worse (Rosen et al. 2020).

Other than dealing with large numbers of patients at each shift, in addition, much of
today’s work for physicians is administrative (Woolhandler and Himmelstein 2014).
This is inefficient on one hand and very costly on the other. Moreover, it creates
additional work for a medical staff that, as mentioned, is already fully utilized.
“Nowadays, the doctors roughly spend a quarter of their time with patients whereas
half of their time is next to the computer... And they struggle with it. In the US,
they were able to solve this by adding more occupations in healthcare, like physician
assistant, which reduces such workload from the doctors and, thus, helps them focus
more on the patients. The doctors in the US don’t ‘bang their heads’ with the systems;
they pass the information to others, who do so instead. That’s one way that can help
clear the doctors’ minds and perhaps get them to do other things...” (E10).

System Overload. As explained, the shortage of workers has put the healthcare
industry in a bad position. Further, the population increase has not been met with a
complementary increase in hospital beds (MacIntyre et al. 2019). Moreover, global
health budgets were cut on the understanding that spending money does not neces-
sarily deliver corresponding results (Pecoraro et al. 2021). COVID-19 has merely
exposed this problematic state of global healthcare systems (e.g. Davey 2022), and,
even after it is long gone, these problems will likely remain (Moir and Barua 2022).
Even more so, even if the supply of doctors was able to meet the demand, the
healthcare challenges would be far from solved.

Life expectancy increase has been a very good development for humanity, and it
seems we are able to outlive our ancestors on average (Jaleel et al. 2020; Wang and Li
2021). However, this has created a by-problem in which many of the people, though
they live longer, spend a significant part of their lives in a problematic state of personal
health (Jaleel et al. 2020). For example, roughly 50 million Europeans suffer from at
least one chronic condition (Deloitte Centre for Health Solutions 2020b). Therefore,
along with the deficit of medical staff, we clearly see an increase in the number of
patients as well (Jaleel et al. 2020). “Overall, this system has operated relatively well,
and, therefore, people live longer. Thus, people consume more health services. It’s an
inherent problem for healthcare... So, basically, we’re talking about an increasing
life expectancy and, as a result, an increasing population in most countries in the
world. Some of that increase is due to more births whereas some is due to more
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immigration, and the longer we live, the diseases last longer as well... We’re talking
about mostly long-term sicknesses. Not a flu that’ll pass within a week but diseases
that stay with patients for many years...” (E4).

These two vectors have resulted in limited availability, especially for specialists,
and uncomfortable office hours (Heath 2022). Overall, we see an increasing wait time
for doctors’ appointments and when visiting clinics or medical centres (Mills 2017).
That has resulted in disgruntled patients (Heath 2018), who end up not showing up for
their appointments or alternatively leave the clinic before and without seeing a doctor
(Shaw et al. 2018). “The availability of doctors has reached a point of irrelevancy. If
I'have a problem now and I need to wait six months to inspect my situation... It’s just
not worth it... And it’s gotten worse. I see that trend happening for five to six years
now, and, in the past couple of years, also the availability of the medical institutions
has worsened... If you need to go through an ultrasound test or anything of sort, in
the past, they would schedule an appointment for the next day, and now, you usually
have to wait for roughly three months... And that too is becoming irrelevant.” (E10).

Therefore, in recent years, we have seen heavy movement of financially capable
patients towards private healthcare services, where such issues are less likely to occur
(Campbell 2022). “Private insurance allows us to get an appointment with a chosen
doctor, even a surgeon, and at a chosen location or site... (The) American health
system (is) based on ‘if you have the money, you get the service.”” (E5). “In Israel,
where healthcare is public, it drives the growth of private medicine, and I’m not sure
that’s really the plan...” (E10). Such a solution does not fit all cases, especially less
privileged societies and communities, and that increases societal inequality (Dickman
et al. 2017).

Internal Challenges. The IT capability (A. S. Bharadwaj 2000) level of healthcare
providers has gone up in recent years (Agarwal et al. 2010), though it remains quite
average. For instance, DT projects must be led by clever IT personnel (Dremel
et al. 2017); unfortunately, in healthcare, this is insufficient because their capacity is
naturally limited. Moreover, the lack of IT and cybersecurity specialists in healthcare
has intensified the situation (McKeon 2022a). “Hospitals implement roughly 1-2
technological solutions annually. So, who gets promoted instead of being stuck in
line at the IT department? This challenge might bring us to a consolidation of a
sort with solutions becoming much more substantial.” (E2). As a result, providers’
levels of digital capability are also low. Our data indicate three reasons for this:
interoperability, data privacy, and technology trust.

Interoperability. Interoperability is defined as the ability of two or more systems
to interact and operate jointly (da Silva Serapido Leal et al. 2019). This concept relies
on connectivity, in which many systems and products in our daily lives or various
industries are connected through IoT or other related digital technologies, e.g. cloud
computing (Mumtaz et al. 2017). In healthcare, we see the rise of the Internet of
Medical Things (IoMT), which combines the concept of IoT and traditional medical
devices and is the basis for state-of-the-art HealthTech solutions such as telemedicine
(Jaleel et al. 2020).

However, the problem arises when trying to achieve interoperability in practice.
Because various devices from various ventures would not connect, providers usually
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source all medical devices from one technological merchant, which results in an
undesirable dependency and the creation of data silos (Jaleel et al. 2020). While
many related challenges have been addressed with technological developments such
as HealthGo by the merchants themselves (Jaleel et al. 2020), the data silo challenge
remains. “We collect tons of digital data, but each is collected using a separate
database, and that depends on the specific system that’s being used. For instance, the
follow-up notes are saved on Electronic Health Record (EHR) whereas the images
are saved on the Picture Archiving and Communication System (PACS), which is
completely different. These silos are very hard to consolidate eventually... And
you need this consolidation for managerial and research needs... For instance, if
I as a researcher in the hospital want to collect data and create a sort of cohort
that has imagery data, clinical data, laboratory data, etc., that’s something which is
very difficult to achieve even these days. It demands an ad-hoc work, i.e. get a data
engineer to sit down, maybe even a data scientist, depending on what needs to be
achieved, and basically reinvent the wheel.” (E1). “There isn’t enough connectivity.
That’s something that must be addressed. I think the connectivity between players
in the healthcare landscape is suboptimal particularly in the US, and the incentives
aren’t for the exchange of information but rather the ‘siloing’ of information because
there’s power in the ownership of data.” (E3).

In the past few years, lots of data is created in healthcare, which is coming from lots
of connected devices, such as wearables (Hulsen 2020). However, so far, bridging
all these sources has been quite challenging (Shen et al. 2019). Data transference
and sharing have been used in healthcare to improve care and especially for better
research purposes (Azarm-Daigle et al. 2015). Thus, creating a digital ecosystem
where providers, research centers, labs, and so on are united in sharing information
is extremely valuable (Pine 2019). Part of the challenge in achieving proper interop-
erability is the fact that healthcare as a profession involves many intricacies (Grol and
Wensing 2020) but even more so extreme regulations inflicted on providers regarding
data privacy (Sajid and Abbas 2016). “One of the biggest challenges is interoper-
ability. Transferring data from one body to another... To get the systems to ‘talk’ to
each other. Most of the time, it’s on purpose, and the regulator had to break it open
really... (In the past) these guys would have ‘locked you up’ in their systems... You
had to pay them lots of money or do it by yourself.” (E2).

Data Privacy. Organizations have accumulated vast amounts of data in the past
decade (Kitsios and Kamariotou 2021). Such data must be protected to maintain the
privacy of multiple populations and millions of consumers (Jain et al. 2016). It is
suggested that consumers care enough about their privacy to support setting regu-
lations for accumulators, which are usually business organizations (Acquisti et al.
2020). This is even more so in healthcare, where the data are as private as it can
be (Fox 2020; Philips 2021). “Medical data is private obviously, sensitive, some
even more sensitive like genetics, HIV, and other similar things... This challenge
manufactures other challenges and difficulties because you really need to share
this data for managerial and research needs... Sometimes, you need to share this
data with academic institutions, other hospitals... There’s a very big ecosystem of
technological developments around this issue.” (E1).
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Although its reliance on legacy systems and medical devices offered quite a chal-
lenge in this realm (McKeon 2022b), in the past, this issue was less problematic than
it is now. For example, in the US, most of the health records were placed in hard
copies. Nowadays, these records have been digitized and became EHRs (Kruse et al.
2017). Within the EHR concept, one may find, beyond the technical demographic
data, the entire health history of the patients as well (CMS 2021). “Hospitals have
been computerized with EHRSs in the past decade due to President Obama’s actions,
and that has paved the way for more sophisticated technologies... Meaning, hospi-
tals started accumulating lots of data and now seek ways to use it properly. We need
to remember that, only 15 years ago, hospitals in the US were totally manual... It
sounds hallucinatory, but it’s real...” (E2).

Although significant developments as EHRs contribute to improved care, better
decision making, and high-quality medical research (Cowie et al. 2017), from a cyber-
security point of view, this has created a privacy danger (Shahnaz et al. 2019). That
danger in return led to the formation of strict regulation (Blumenthal and Tavenner
2010; NHS 2022) (Blumenthal and Tavenner 2010; NHS Digital 2022). Unfortu-
nately, such regulation is a critical barrier for data sharing in healthcare (Zheng et al.
2018).

Technology Trust. Digital implementation is an integral part of holistic digitaliza-
tion (Schallmo et al. 2022), because it is essential for executing the digital strategy
and supporting the DTBM (Schallmo and Williams 2021). Implementing sophis-
ticated digital technologies requires multiple efforts across the entire organization
(Tabrizi et al. 2019). That is not an easy task, and many DT projects fail (Brock and
von Wangenheim 2019). Employees are considered an essential part in any area of
the business, which makes them acute for implementation (Schallmo et al. 2019) and
a salient success factor (Lapointe and Rivard 2007).

There has been much debate by information systems scholars about technology
acceptance (Maranguni¢ and Granié, 2015), which is defined as the agreeableness
of users to voluntarily or deliberately use a certain technology (Dillon and Morris
1996). Specifically, the concept of technology acceptance has stirred a large scholarly
debate in healthcare (Pai and Huang 2011), because many of the medical staff are
reluctant to give up their autonomy on one hand (Safi et al. 2018; Walter and Lopez
2008), and on the other build their trust in new technologies very slowly (Baudier
et al. 2021). “There’re few levels of trust. The first level is the ability to actually
believe assisting instruments and technologies. Even if you are an early adopter, you
need to see the technology in some situations that you test it in and then realize
it actually works... Especially, if this isn’t the technology you were taught to use
back in medical school or your internship... Contrarily, you were taught by your
mentor/teacher/idol to use something, for instance ECG, that’s ultimately become
the standard of care... And now, you’re asked to be the first one to use something
new... Then, this technology enters a testing process.” (E7).
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4.2 Value-Creation Opportunities in Healthcare Enabled
by Digital Technologies

Workload Reduction. Moving the industry to healthcare 5.0 is a process that has
recently started to materialize. We have already started to hear about the use of
robotics in the industry, e.g. they assist surgeons in challenging operations (Javaid
et al. 2020) and move patients around the wards (Giansanti 2022). Naturally, such a
development is expected to bring about many intriguing opportunities (Riek 2017);
thus, we expect more examples of it. Nonetheless, it still seems slow in the making,
and digital doctors or digital physicians, i.e. robots that may replace a human doctor,
though perhaps not so farfetched, remains quite far from happening (Shuaib et al.
2020). Moreover, a robot may never be able to provide the delicate human touch
that is essential in medicine. “Nothing can replace the human touch... We deal with
patients in situations and realities that are critical and crucial. In medical school, the
soon-to-be doctors go through a workshop that deals with how you inform a patient
about the worst things he or she can imagine. ... One of the biggest challenges during
COVID-19 was the required physical separation between staff and patients. This
is something that can’t be replace with technology... You hear about human and
machine interactions in Japan and Korea, and we all think it’s quite bizarre... I think
that the Western world will keep seeing this as something really weird in the next
hundreds of years... Seriously. I just don’t see how the technology bridges such a
challenge.” (ES).

Nonetheless, the use of other digital technologies, as formerly mentioned, has
helped and would help even more in the future to reduce the workload of the medical
staff. For instance, it may take care of their administrative tasks autonomously and
free them more to engage with patients. “The technology will, though, free the
medical staff and help them perform a human function in a much more significant
way. The other parameters and functions would be dealt with in a more systemic
way.” (ES).

Telemedicine. As previously explained, telemedicine is a concept that has a
twofold value. The first, as discussed, is for the patients. However, telemedicine
offers powerful value for the providers as well. Telemedicine is suggested to cut
providers’ expenditures and to reduce the medical staff’s time (Deloitte Centre for
Health Solutions 2015). In arecent survey, specialists, who suffer the most from over-
load, shared a very high interest in broadening and enlarging this concept (Deloitte
Centre for Health Solutions 2020b). However, it is also reported that, since the
WHO’s announcement of the near end of the COVID-19 pandemic (Mishra 2022),
and even before that, the application of telemedicine has gone down, and many
people are back looking for physical appointments (Drenik 2022). “COVID-19 has
influenced greatly the implementation of new technologies. .. Telemedicine, telecon-
sulting, seeing doctors remotely. Prior to the pandemic, it was at about 1-2% remote
meetings with doctors in the US whereas, at its peak, these leaped to 80%. Today, it
stands at about 40%... It may have dropped, but certainly we’re not at the point we
used to be not too long ago.” (E2).
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One thing that needs to be emphasized is the fact that the providers rushed into
telemedicine during COVID-19 and created interim solutions they will not likely use
in the long term (BDO United States 2021). “I started working for the hospital just
when the first quarantine was initiated. Beforehand, the hospital had a roadmap that
scheduled seeing a doctor remotely in roughly two to three years... And that’1l only
happen after they’ll purchase a special system for that. Then came COVID-19, and
in two weeks’ time, such a system was ready and operating. They couldn’t care less
whether it was working well or working at all... Seriously... Is it connected really?
Is it secured enough? Who cares?! Ha! It was quite remarkable...” (E4).

Clinical Decision Support. A clinical decision support system (CDSS) is a mecha-
nism by which medical decisions are augmented and improved (Sutton et al. 2020). In
recent years, such tools have been enhanced by digital technologies, e.g. the formerly
mentioned Al’s assistance to radiologists in deciphering imagery (Kulkov 2021). The
need to continue developing more of such systems has increased lately as these tools
could potentially significantly improve the outcomes for patients (AHRQ 2019).

With the increased workload of doctors over the years, it is essential that they
receive proper support, and data and technology may enhance their ability to make
the right calls. Moreover, such systems could significantly reduce costly and deadly
mistakes while improving the workflow. Although doctors still seem a bit skeptical
about the real capability of these systems (Petkus et al. 2020), the potential for them
to become gamechangers is relatively high (Deloitte Centre for Health Solutions
2015). “Our system is not a decision-making system but a decision support system...
The doctor is the bottom line and says yes or no... Let’s treat it this way or that
way. Naturally, there’s reluctance to let go—and, by the way, rightfully so in many
cases...” (E6).

Empowering Patients. As mentioned before, in recent years, patients started taking
a much more involved role in their health management (Leone et al. 2021). Digital
technologies have enabled the use of health-tracking apps, self-monitoring wearables,
and information portals where people can get knowledge about almost any health-
related question they have. For instance, within the websites of Israeli Health Main-
tenance Organizations (HMOs) there is substantial information about conditions,
potential treatments, diagnostics, and so on.

Moreover, providers are paying extra attention to improving their customers’
experience. New clinics and hospital wings are transformed via various digital tech-
nologies, e.g. robotics, Al, and many more (iI24NEWS 2022). The same can be said
about virtual engagement; providers are connected to patients via apps and other
related means, and patients can receive digital prescriptions, schedule and cancel
appointments, get reminders and notifications, and so on (Lal 2022). “... my HMO
is sending the day before your doctor’s appointment a reminding notification with
the option to easily cancel it... It makes their system much more effective in a big
way for sure. In many cases, people don’t show up because they forgot all about
it. So, if I can cancel my appointment with one click and another patient could go
instead... It’s not super revolutionary really... Especially not in a medical way...
But the operational impact is quite big.” (E6).
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Improving Digital Capabilities. To achieve digital maturity, healthcare providers
must improve their digital capabilities (Williams et al. 2022). Digital technologies
can assist with achieving such an outcome.

Data Management. In a survey conducted by Philips (2021), many healthcare
leaders complained about mismanagement of data and lack of interoperability. Hence,
healthcare providers’ focal data strategy (DalleMule and Davenport 2017) should
be the ability to share data smoothly to, among other previously mentioned bene-
fits, compile transparent, complete information about all patients (Philips 2021).
Moreover, simple tasks like collecting the data are time consuming for the medical
staff. This appears to be twice the challenge in virtual settings, such as telemedicine
(Schulman 2022).

Data Protection and Security. It is quite challenging for healthcare providers to
protect their own and their patients’ data independently (McKeon 2022b). Further,
the connectivity of [oMT (Schulman 2022), and the extensive use of legacy systems
(McKeon 2022b) pose threats for breaches. Nowadays, novel digital technologies
are being explored by both researchers and practitioners to offer a robust mechanism
for data protection—for example, blockchain (Massaro 2023) and edge computing
(Lietal. 2019).

Technology Trust. We decided to look at the technology trust challenge as an
implementation and adoption challenge (X. Wang et al. 2021) rather than a value-
creation opportunity. Although digital technological implementation is an integral
part of the holistic digitalization theory (Schallmo et al. 2022), it is still not relevant
to our RQ2.

4.3 Value-Based Healthcare Provided by Israeli Digital
HealthTech Start-Ups

The HealthTech industry is a young and growing DEE (Moro Visconti 2021). Espe-
cially in a country like Israel, where entrepreneurship and innovation are well fostered
(Hashai 2015), it is mostly composed of digital start-ups that mainly focus on the
patients and ways to deliver better value to them (Towart 2021). In other words, these
start-ups are mainly focusing on delivering VBHC. One may also find HealthTech
start-ups in a directly B2B context, e.g. assisting providers with achieving better
operational and financial results (Garbuio and Lin 2019) and becoming more cost-
effective (Oderanti et al. 2021). Predominantly, these start-ups have been a growing
group that supports BMI in various international markets (Oderanti et al. 2021).
Further, to achieve digital maturity, i.e. become an organization with a high level
of digital capabilities (Williams et al. 2022), it is imperative for healthcare providers
to create strategic partnerships and cooperate with digital start-ups (Philips 2021).
“Naturally, you see many collaborations between technological companies and hospi-
tals... We’re seeing mostly medical device companies—TytoCare is an example for
collaboration between such a company—but with HMOs... In the area of making
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data accessible for research, you can find also collaborations between hospitals and
technological companies. I know personally what happens in Sheba Hospital, but I
also know they’re not the only ones...” (E10).

Telemedicine as a Rising C2B Model in Healthcare. Digital start-ups like the
formerly mentioned Israel’s TytoCare (enables physicians to generally check their
patients remotely, e.g. check their ear canals, listen to their lungs, monitor their
heartrate, and all other common exams doctors have been performing for years to
understand their patients’ condition) empowered the providers to offer new VPs to
their patients (Baudier et al. 2021). Similar digital start-ups, especially in the area
of telemedicine, have enabled a deep shift in the industry’s BMs that, to date, have
mainly been B2B or B2B2C models. Thus, such start-ups have been promoting
DTBM.

In today’s digital economy, customers have become very much involved in the
value-creation process and, in fact, became co-creators (Ziaie et al. 2021). Building
on the previously mentioned patients’ involvement increase, they moved to a hybrid
model incorporating many C2B components. A C2B model is defined as a model
where consumers take a major part in the value chain to deliver some of the value
themselves (Aspara et al. 2021). For instance, the Israeli navigation platform WAZE
(acquired by Google in 2013) gains significant value from its users whenever they
turn on their app in a crowdsourcing way, e.g. understanding when the traffic is soft
or heavy or any other related update drivers and passengers willingly provide with
a click of a button (Amin-Naseri et al. 2018). In such an example, the customer
provides work and effort on one hand and receive useful data and information on the
other (Aspara et al. 2021).

For more examples in healthcare, we look at Israeli companies like Healthy.io
(which enables patients to perform their own urine diagnostics at home) or Nuvo
(which enables pregnant women to monitor their own situation at home). Naturally,
such digital start-ups provide VP of accessibility and time saving for the patients.
However, for the providers, they again assist with cutting operational costs and
reducing the inflicted stress and burden on the medical staff (Sun et al. 2020), who
mostly handles cases where physical engagement with the patients is a must going
forward.

Some customers take on a very active role in helping organizations with manu-
facturing digital solutions because they feel they know best what the optimal value
creation is (Plekhanov et al. 2022; Sjodin et al. 2020). Therefore, in the above exam-
ples, the patients support the providers with three sorts of input: (i) the goods, as the
customers test, monitor, and sometimes even treat themselves, (ii) data and infor-
mation, which flow via digital technologies, e.g. wearables, back to the providers,
and (iii) the effort, as the patients spend time and work just as formerly mentioned
(Aspara et al. 2021).

Israeli HealthTech Landscape. Scholars are focusing their research on DT in the
context of B2B and B2C (Kraus et al. 2022). Therefore, Fig. 1 represents the Israeli
HealthTech landscape based on their value-creation and value-capture components.
Like Gehde et al. (2022), we too drew our start-up categories from digital data. “The
first group is those who develop a product that is made to directly assist patients so
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they can handle their condition and situation... The second group is those products
that help the organizations with achieving faster, efficient, and precise diagnostics.
It’s a very big group in which you can include all start-ups who deal with deciphering
imagery, e.g. x-rays, CT, MRI, etc. In this specific case, we’re talking about lots of
visual, but in other areas, we also see stuff like NLP, such as reading medical files
and coming up with conclusions... We see recordings and using human voice...
Almost any human-machine interaction format, such as visual, vocal, even text...
Today helps diagnose... The third group is prediction tools that attempt to predict the
future based on common available data... If the healthcare organization can predict
well, then it can be better managed on one hand and perhaps prevent sickness before
it becomes a problem on the other... The last group is management support systems.
That’s what I call them. These are tools that help big health organizations manage
themselves much more efficiently, better, and more accurately... Saves lots of time
for the patients and lots of time and manpower for the provider.” (E4).

As can be seen, most of the start-ups provide a two-fold value for both patients and
providers. This is a salient development in the global efforts of providers to deliver
VBHC.

Value Capture
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Fig. 1 Israel’s HealthTech landscape
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5 Conclusion

In recent years, digital technologies have challenged BMs in multiple industries
(Loebbecke and Picot 2015), enabling the revisions and improvements of products,
services, and processes in the BMs (Schallmo et al. 2017). These very important
enablers have advanced substantially and thus made some of the old theories outdated
(Steininger 2022). Therefore, a holistic look at digitalization across countries and
industries is needed (Schallmo et al. 2022). That is what we achieved in this case
study upon investigating DTBM and the way it is achieved in the Israeli HealthTech
setting (Fig. 2).

Beyond that, our study made more contributions. First, we contributed to the liter-
ature on DT per recent call ups (e.g. Tijan et al. 2021) and connected many of the
BMI research streams together (Schneckenberg et al. 2022). Further, we contributed
to the emerging literature on the new C2B model by providing empirical evidence
(Aspara et al. 2021). Additionally, we contributed to the DEE literature with empir-
ical evidence from Israeli HealthTech (Sussan and Acs 2017). Last, specifically in
healthcare, we provided empirical evidence for VBHC (Kokshagina 2021).
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Value Based Healthcare Provided by Israeli Digital HealthTech Start-ups

Fig. 2 Digital transformation of business models in the Israeli HealthTech scene
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Our research is not without its limitations as it is based on an Israeli context and
evidence. Although we emphasized why Israel is a fertile ground to conduct such
research, study must still be broadened to a global perspective, i.e. to other significant
HealthTech scenes, such as those in the US or the UK.

An avenue for future research may be dealing with the technological trust chal-
lenge we have mentioned in this paper, especially at the individual level (Trenerry
etal. 2021). As digital implementation is an integral part of the holistic digitalization
approach (Schallmo et al. 2022), it is crucial to research how its challenges vary
across industries as well.

Last, we dealt with multiple issues in this paper, including how value-creation
opportunities can be achieved using digital technologies in healthcare. Healthcare
providers may find this research useful to understand what kind of value creators
are available for them and which fitting challenges they solve. Vice versa, digital
entrepreneurs may attempt to solve the mentioned challenges and create value in the
process for such a salient industry.
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of Business Renewal

Minna Saunila, Juhani Ukko, Tero Rantala, Mira Holopainen,
and Mina Nasiri

Abstract This study focuses on the mediating role of business renewal in the rela-
tionship between digital business models and financial performance. An enhanced
understanding of the direct and indirect influences of digital business models and
business renewal will aid the construction of a more comprehensive picture of
managing business models in digital transformation. The results are based on a
survey of 275 Finnish SMEs. The results confirm the mediating effect of business
renewal between digital business models and financial performance. This means that
changes in the digital business model cannot, on their own, cause any changes in
financial performance; however, through business renewal, changes in the digital
business model can impact financial performance.

Keywords Digital business model - Business renewal * Financial performance -
Digitalization + Digital transformation - Performance - SME

1 Introduction

As a result of the ongoing digital transformation, the business environments of
companies are changing at a rapid pace. This in turn affects companies’ business
models. Companies are having to adopt partially or completely digital business
models that challenge their traditional business models (Palmié et al. 2022; Sedera
et al. 2022; Sjodin et al. 2020). According to Kohtamiki et al. (2019), digitalization
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increases servitization in traditional manufacturing firms, providing opportunities
regarding, for example, new platforms, intelligent products, and business models.
Previous studies in the field of servitization also discuss how companies’ business
models change because of the transition towards the digital business model (Gebauer
et al. 2020; Sjodin et al. 2020). While shifting towards the digital business model,
instead of traditional, transaction-based products and services, companies deliver
comprehensive, intelligent solutions that provide possibilities for real-time tracking
and control of delivered solutions (Rabetino et al. 2021; Baines et al. 2020; Gebauer
etal. 2020; Porter and Heppelmann 2015). Among servitization scholars, the increase
in digitalization is considered an enabler and driver of the business model and value
creation (Kohtamaiki et al. 2019; Parida et al. 2019). In addition to the added value of
providing an improved service to customers, the marketing, sales, and distribution of
products and services are increasingly taking place on digital platforms and, in some
cases, also as part of larger digital ecosystems. In addition to leveraging customer-
centric digital applications, the focus of other stakeholders within digital business
models is changing rapidly. For example, it is now possible for companies to track
their suppliers in real time and reciprocally.

While the transition to the digital business model offers significant new oppor-
tunities for companies, it also affects their traditional business and requires a wide
range of new skills and competencies (Palmié et al. 2022). For example, the study of
Huikkola et al. (2022) demonstrated that as manufacturing organizations alter their
operations to become smart solution providers, they need to adjust their strategic
capabilities by employing their dynamic capabilities. In addition to the development
and acquisition of new capabilities, the transition to the digital business model may
require investments in equipment, digital systems, and software. Thus, according to
Kohtamiki et al. (2019), companies’ implementation of digital servitization related
to the business model adds complexity in organizations. Toytédri et al. (2018) adds
that it is not obvious that digitalization (as part of the digital business model) auto-
matically generates business benefits, but companies may achieve financial benefits
by delivering added value to their customers via new types of solutions. Kohtamaki
et al. (2020), citing Talaoui et al. (2018), further argues that even though companies
are increasingly investing in digital solutions, such as remote diagnostics, analytics,
and data visualization tools, there exists limited evidence of possible profit gains as
a result of these investments. Prior research has also demonstrated that even though
digital platforms provide companies opportunities and flexibility to make decisions
about the sales of their services and products (Hoang et al. 2020), they may not
always be beneficial from a business perspective (Hénninen and Smedlund 2021).
For example, the competition on digital platforms can reduce the earnings and bene-
fits of companies operating on those platforms as part of their digital business model
(Hinninen and Smedlund 2021). As such, the implementation of the digital busi-
ness model generates costs for companies in the form of various investments, and
reciprocally, it should generate better performance to enable the company to operate
profitably in the future. For this reason, it is important to understand how the digital
business model affects the performance of companies (Abou-Foul et al. 2021).
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2 Problem and Research Questions

Based on prior research, gaining profits from digital business models is a very
complicated task (Linde et al. 2020; Sjodin et al. 2020). Profiting from digital busi-
ness models requires curbing the commercialization of the digital business model to
avoid falling into the trap of unreasonable customer requests and aggressive internal
sales targets. This situation calls for business renewal to support the digital business
model by providing agility (Foss and Saebi 2017) and innovating the business model
continuously (Montealegre and Iyengar 2021). Business renewal refers to actions that
highlight the importance of managing changes in organizations’ internal and external
operating environments (Deprez et al. 2018). It requires companies to stay up-to-date
and understand the business opportunities of digital applications, the demands they
place on companies, and how they interact with business performance. However,
current literature offers few insights into how business renewal assists digital business
models in delivering significant financial benefits, and significant gaps remain.
Despite the profusion of digital business model studies, there is a lack of research
on the exact role of business renewal in benefiting from digital business models.
This study seeks to close previously identified research gaps by examining the rela-
tionships between digital business models, business renewal, and financial perfor-
mance in SMEs. Thus, the first objective is to provide evidence of the role of digital
business models in enhancing financial performance within strategic renewal. The
second objective is to extend the research in this stream by examining the role of
business renewal in mediating the effects of the digital business model on financial
performance. The phenomenon is explored through two research questions:

RQI: How do digital business models affect companies’ financial performance?

RQ?2: What is the role of business renewal in mediating between a company’s digital
business model and its financial performance?

As an increasing proportion of companies utilize a digital business model and there
is a growing need for a better understanding of their impact on business performance,
the results of this study are relevant to a variety of societal stakeholders. Anyone who
is somehow part of the digital transformation may find it interesting to understand
more about the impact of digital business models on the performance of companies
in different contexts. In addition, in spite of the limited attention it has received thus
far, corporate business renewal is involved in the development and maintenance of
digital business models, which is why the results of this study reveal the interplay
between the digital business model, business renewal, and financial performance.
An enhanced understanding of the direct and indirect influences of digital business
models and business renewal will assist in forming a solid picture of the management
of strategic renewal.

The rest of the study is structured as follows. First, the theoretical underpin-
nings of the study are presented, after which the hypotheses about the phenomenon
are constructed. Following the theoretical background of the study, the research
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model and methodology of the study are presented. Then the results of the study are
presented and discussed, after which the paper concludes with a presentation of the
theoretical and managerial implications of the findings. The conclusion also provides
avenues for future studies.

3 Theoretical Background and Research Model

3.1 Theoretical Underpinnings and Key Constructs

Business models can be explained as a pathway for deeply understanding busi-
ness opportunities through description of value creation and value capture (Xu and
Koivumiki 2019; Wirtz et al. 2016). When digital technologies serve as main actors in
business opportunities, digital business models replace traditional business models,
as competing in a digital environment is not possible with a traditional business
model (Iansiti and Lakhani 2014; Pagani and Pardo 2017; Remane et al. 2017).
Digital business models are needed because there are some differences in operating
with digital products and services in comparison with traditional products. One of
these differences is that reproduction of digital products and services has no marginal
costs in practice, as the more users join, the more value is provided (Shapiro and
Varian 1999). The other difference is that the value of digital products and services
is measured by their usage, whereas in traditional products, the value is created and
sold to the customers (Vargo and Lusch 2008). The next difference relates to the
important role of digital platforms in digital business models—they create a balance
within an ecosystem of many companies and parties (Iansiti and Levien 2004).
This type of investments in digital technologies are the main ingredients bene-
fiting digital transformation (Venkitachalam and Bosua 2019). They offer companies
new ways to reduce costs and increase revenue streams with new value propositions
(Vaska et al. 2021). Thus, companies need a digital business model to identify the
ways in which value is created, delivered, and captured by digital technologies (Li
2020; Verhoef et al. 2021; Weill and Woerner 2013), as well as to create guide-
lines for digital operations and digital business logic (Xu and Koivumiki 2019).
However, in many cases, companies do not achieve the desired results, which would
be reflected by an increase in customer value and improved financial performance
(Tabrizi et al. 2019; Davenport and Westerman 2018). With regard to achieving the
potential economic benefits, Tabrizi et al. (2019) and Matt et al. (2015) saw the
digital transformation as a strategic business reform that incorporates the leverage
of new digital technologies, creates new digital business models, and enables new
ways to generate value. In addition, Ferndndez-Portillo et al. (2022) noticed that
connecting digital technologies to companies’ innovation strategies has a direct and
positive effect on financial performance, thus mediating the desired results of the
digital business. However, since digital business models can quickly fail, it is critical
for most companies to strengthen their digital business model. Business renewal can
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mitigate this danger, supporting the digital business model by providing agility (Foss
and Saebi 2017) and innovating the business model continuously (Teece 2010).
Business renewal is a bundle of activities characterized by flexibility, experiments,
and innovation undertaken by companies to achieve success or alter their path depen-
dence, which extends firms’ survival in the long run (Montealegre and Iyengar 2021;
Riviere et al. 2018). Digital technologies provide the possibility to cross geograph-
ical borders, thus increasing global competition, which should motivate companies
to renew themselves to stay competitive (Amankwah-Amoah et al. 2021). Renewal
is critical in digital business models and the provision of financial performance,
as it enables companies to attain sustainable competitive advantages in the face of
transformation (Al Humaidan and Sabatier 2017; Schmitt et al. 2016).

3.2 Hpypotheses Development

In recent years, digital transformation and the resulting business model innovations
have profoundly changed consumer expectations and behavior, as well as numerous
markets, leading companies to rethink their business (Verhoef et al. 2021; Weill and
Woerner 2013). In order to seek new ways of doing business, companies are seizing
new digital business opportunities by investing in digital technologies and developing
new digital products, services, processes, and business models to reinforce the value
created for customers (Matarazzo et al. 2021; Vaska et al. 2021). For example, digital
technologies have the potential to improve communication with customers, enable
a better understanding of customer needs, provide a high level of involvement for
customers, and deliver new value for customers through new offerings (Matarazzo
et al. 2021; Vaska et al. 2021). Thus, the new digital environment has increased the
need to reflect on business practices and create advanced digital business models to
deliver added value from innovations (Teece 2010). In addition, the development of
a new digital business model can provide digital business managers more control
over their business and the ability to compete in the uncertain digital environment
(Al-Debi et al. 2008).

As described, business models can be explained as a pathway for deeply under-
standing business opportunities through description of value creation and value
capture (Xu and Koivuméki 2019; Wirtz et al. 2016). Digital technologies play a
key role in the innovation and development of new business models, enabling new
ways to create value through the expansion of offerings, new forms of commerce,
and new forms of cross-border organization and relationship-marketing approaches
(Li 2020). In the new digital world, business models help companies to explain
and focus on how to achieve economic value through digital technology (Ches-
brough and Rosenbloom 2002). They serve as a tool to outline the architecture of
business revenue, cost, and profit, determining how a business generates value for
customers and converts the value generated into profits (Teece 2010). In addition,
it is worth noting that the business model for digital business should be reviewed
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at regular intervals to ensure its continued suitability in an uncertain digital envi-
ronment (Weill and Woerner 2013; Al-Debi et al. 2008). Thus, to compete in the
digital environment, companies must design their digital business model wisely and
innovatively to ensure alignment with the business strategy and improve financial
performance (Latifi et al. 2021; Al-Debi et al. 2008; Weill and Woerner 2013). As a
digital business model is necessary to transform digital opportunities and new forms
of commerce into revenue-generating activities, its impact on financial performance
should be assessed (Li 2020). Based on the arguments presented above, the following
hypothesis related to digital business models and financial performance is presented:

H1: Digital business models positively affect financial performance.

This study investigates the mediating influence of business renewal on the digital
business model-financial performance relationship. As described earlier, there is
an established link between the digital business model and financial performance.
However, there is evidence that this connection may be indirect, as within digital busi-
ness models, different technologies are used to generate new offerings that demand
capabilities for data collection, exchange, and analysis (Schallmo et al. 2017). All
these initiate novel processes, activities, and resources that require a reconsider-
ation of how the firm generates value (Correani et al. 2020). Thus, the renewal
of business processes and strategies is becoming an increasingly crucial factor for
survival in the digital age (Coskun-Setirek and Tanrikulu 2021), which “includes
not only the improvement of existing processes but a fundamental revisiting of the
direction and portfolio of opportunities a firm is focused” (Muzyka et al. 1995).
This is also supported by Witschel et al. (2019), who concluded that firms with
strong dynamic capabilities are likely to successfully enact business model change
in response to digitization. Dynamic capabilities refers to “the ability of an organi-
zation and its management to integrate, build, and reconfigure internal and external
competences to address rapidly changing environments” (Teece 2007). Dynamic
capabilities are akin to our definition of business renewal. We propose that business
renewal performs a similar mediating role in the connection between digital business
models and financial performance.

Our hypothesis reflects the position that digital business models require managing
changes in the operating environment. The technologies involved in strategic change
speed up the change, causing complexity and uncertainty in the operating environ-
ment (Matt et al. 2015; Warner and Wiger 2019). Although digital technologies
initially elicit a change in the business model, they tend to also effect changes in
organizational processes and culture (Warner and Wiger 2019), which means that
business models in the context of digital transformation require balancing actions
to adjust the digital business model to existing product processes (Rummel et al.
2021). Thus, the digital business model requires broader business renewal beyond
mere changes to the existing business model. Furthermore, business renewal should
enhance firms’ financial performance, as firms need to renew their processes in light
of digital transformation requirements in order to align the operation with the busi-
ness strategy, as this is the pathway to competitiveness (Warner and Wiger 2019;
Correani et al. 2020). By enhancing the potential to profit from the digitalization
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of the business model, the firm renews its business processes in response to needs
elicited from the digital business model. Therefore, we propose that as a firm becomes
more practiced in coping with the requirements of its digital business model, this will
have a positive influence on financial performance. Following the former discussion,
we hypothesize the relationship between the digital business model and financial
performance to be indirect, realized via business renewal:

H2: Business renewal positively mediates the relationship between digital business
models and financial performance.

3.2.1 Research Model

The research model (Fig. 1) is designed to contribute to the scant body of knowl-
edge regarding the ways in which digital business models contribute to the financial
performance of firms. Drawing on the conducted literature review, the digital business
model is understood as the way value is created, delivered, and captured by digital
technologies (Li 2020; Verhoef et al. 2021; Weill and Woerner 2013) by creating
guidelines for digital operations and digital business logic (Xu and Koivumiki 2019).
We propose in our research model that digital business models facilitate firms’
financial performance. However, we test a model which interrogates whether the
enhancement of financial performance is a result of the digital business model itself
or rather the mediating influence of business renewal, which is central to financial
performance. An enhanced understanding of the direct and indirect influences of
digital business models and business renewal will aid the construction of a more
comprehensive picture of managing business models in digital transformation.

Controls:
Size, Industry

Digital business model

y

Financial performance

A 4

Business renewal

Fig. 1 Research model
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4 Research Design

4.1 Sample and Data Collection

This study uses a survey approach to show the roles of digital business models and
business renewal in financial performance. Data collected from randomly selected
Finnish SMEs was utilized to test the proposed hypotheses built on the basis of the
research model. SMEs have been selected for this study as they account for around
60% of value added and around 65% of employment in Finland.

About 5,800 out of 20,000 total Finnish SMEs were invited to participate in
the study. The survey link was sent to the CEOs of these firms. After sending
four reminders and deleting invalid responses, a total of 275 usable responses
were received. About 70% of the responses were received from small companies
(employing 10—49 persons and having a revenue of 2—10 million euros), while the rest
of the responses were received from medium-sized companies (employing 50-249
persons and having a revenue of 10-50 million euros). About 43% of the responses
were received from manufacturing companies, while 57% of the responses were
received from service companies.

4.2 Measures

A survey was constructed to gather quantitative data on the digital business models,
business renewal, and financial performance of SMEs. The survey was tested prior to
sending it to the respondents. First, a literature review was conducted to familiarize
the authors with the previous research and items previously used. Based on the review,
the items were constructed by the authors. Then, researchers familiar with the topic
were asked to review the items for progress, clarity, and completeness. The items
were slightly modified during this process. Table 1 shows the final constructs, items,
and their references.

Digital business models were measured by four items to which respondents could
answer on a scale of 1-7 (1 = strongly agree; 7 = strongly disagree). They were asked
to indicate whether they agreed that digitalization provides business opportunities,
makes changes in forms of commerce, acts as an enabler for the extension of offerings,
and acts as an enabler for relationship-marketing approaches. Business renewal was
measured by four items that asked respondents to assess their firm in terms of business
brand and image, sales, market share, and ability to innovate on a scale of 1-4 (1 =
weak; 4 = excellent). Financial performance was measured by a single item that asked
respondents to assess their firm’s financial performance over the last three years (1 =
weak; 4 = excellent). Two control variables—company size and industry—were used
in the analysis. Company size (measured by number of employees) was coded into a
dummy variable and split up into small and medium-sized firms. Likewise, industry
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Table 1 Survey instrument

Construct Items Std. weight | o CR AVE
Digital business model | Our company provides 0.693 0.799 |0.873 |0.633
(e.g., Li 2020; Verhoef | business opportunities with
et al. 2021; Weill and digitalization
Woerner 2013) In our company, digitalization |0.615

makes changes in the forms of

commerce

In our company, we utilize 0.886

digitalization as an enabler for

extension of offerings

(products and services)

In our company, we utilize 0.652

digitalization as an enabler for

relationship-marketing

approaches
Business renewal (e.g., | Business brand and image 0.464 0.713 |0.827 |0.548
Montealegre anq . Company sales 0.810
Iyengar 2021; Riviere
et al. 2018) Market share 0.786

Ability to innovate 0.457

was coded into a dummy variable and split up into service industry or manufacturing
industry.

Next the remedies to assess the reliability and construct validity are presented. The
reliability of each construct was estimated with Cronbach’s o values that were above
the threshold of 0.70 (Nunnally and Bernstein 1978). Confirmatory factor analysis
was used to check convergent validity. The standardized weights of all items were
close to 0.50. Convergent validity was further examined by calculating composite
reliability (CR) and average variance extracted (AVE) for the study variables. The
CR values were over the 0.70 limit (Fornell and Larcker 1981), and the AVE values
were over (.50 (Fornell and Larcker 1981). Thus, convergent validity is supported.
Discriminant validity was tested by comparing the square root of AVE and correla-
tions between the two constructs. The square roots of both AVEs (0.706 for digital
business strategy and 0.634 for business renewal) were larger than the correlations of
the construct to all the other constructs (Table 2) (Fornell and Larcker 1981), which
supports discriminant validity. Thus, the convergent and discriminant validity of the
constructs were approved.

4.3 Bias

A test for non-response bias was executed to check the difference between first
responses (the responses during the first week after the survey was sent) and later
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Table 2 Correlation matrix

Mean | Std. deviation | Digital business | Business Financial
model renewal performance
Digital business | 5.03 1.265 1.000
model
Business renewal | 2.79 0.519 0.212%%* 1.000
Financial 2.82 0.881 0.129* 0.438*** | 1.000
performance

Significance level *** P-value < 0.001, ** 0.001 < P-value < 0.01, * 0.01 < P-value < 0.05

responses (the responses during the last week before the link was closed) (Armstrong
and Overton 1977; Podsakoff et al. 2003). The results evidenced no statistically
significant differences between the first responses and later responses, which means
that non-response bias is not of much concern.

A test for common method bias was executed to check whether the single-
respondent design biased the results. Following Podsakoff et al. (2003), exploratory
factor analysis was performed for all the study items. No single factor emerged, and
the main factor extracted 34.4% of the total variance (less than the threshold of 50%).
This means that common method bias is not a severe problem in this study.

5 Findings

Different model-fit criteria, including root-mean-square error of approximation
(RMSEA), normed fit index (NFI), relative fit index (RFI), incremental fit index
(IFT), Tucker-Lewis Index (TLI), and comparative fit index (CFI), were used to
assess the fitness of the model. According to Schumacker and Lomax (2016), an
RMSEA between 0.05 and 0.08 indicates a close fit of the model, while values of
TLI and NFI close to 0.9 indicate a good fit of the model. According to Bentler and
Bonett (1980), a value greater than 0.9 for CFI and IFI confirms the good fit of the
model. Table 3 shows the results of the model-fit criteria and makes a comparison
between the default model (including all the effects, as well as direct and indirect
relations) and the competing model (including only direct relations). As shown in
Table 3, the values of the model-fit criteria for the default model are better than those
of the competing model.

Regression analysis using IBM SPSS AMOS was used to test the model (Table 4).
First, the effect of the control variables (size and industry) on the dependent vari-
able (financial performance) was checked. Then the direct effect of the independent
variable (digital business model) on the dependent variable (financial performance)
was checked. Finally, the mediating effect, which includes both the direct effect of
the independent variable (digital business model) on the mediating variable (busi-
ness renewal) and the direct effect of the mediating variable (business renewal) on
the dependent variable (financial performance), was checked. As shown in Table 4,
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Table 3 The results of the model-fit criteria

Model RMSEA NFI RFI IFI TLI CFI
Default model 0.066 0.881 0.813 0.932 0.889 0.930
Competing model 0.070 0.869 0.799 0.920 0.874 0.918
(only direct
relations)

none of the control variables, including size (C.R. = —1.885, P-value = 0.059 >

0.05, non-significant) and industry (C.R. = 1.722, P-value = 0.085 > 0.05, non-
significant), significantly affect financial performance. This means that changes in
the size and type of industry cannot change the financial performance of companies
in a given setting. Regarding the second step, as the results of the analyses indicate in
Table 4, there is no significant direct relationship between the digital business model
and financial performance (C.R. = 0.241, P-value = 0.810 > 0.05, non-significant).
Thus, the first hypothesis (digital business models positively affect financial perfor-
mance) is rejected. Regarding the final step, which tested the mediating effect, the
significant effect of the digital business model on business renewal (C.R. = 2.857, P-
value = 0.004 < 0.05, significant) and of business renewal on financial performance
(C.R. = 5.829, P-value = 0.000 < 0.05, significant) confirm the mediating effect
of business renewal between digital business model and financial performance. This
means that changes in a digital business model cannot, on their own, elicit changes in
financial performance; however, through business renewal, the digital business model
can effect a change in financial performance. In other words, financial performance
can improve via growth in business renewal when business renewal is paired with
the digital business model. Thus, the second hypothesis (business renewal positively
mediates the relationship between digital business models and financial performance)
is accepted.

6 Discussion

This study has examined the relationships between digital business models, business
renewal, and financial performance in SMEs. The results are discussed below.
First, referring to H1, the results showed that digital business models do not have
a direct effect on financial performance. This study was justified by the notion that
digital transformation has changed the business environment, which has led to busi-
ness model innovations in which companies must adopt partially or completely digital
business models to compete globally (Palmié et al. 2022; Sedera et al. 2022; Verhoef
etal. 2021; Sjodin et al. 2020; Weill and Woerner 2013). Previous research has shown
that digital technologies have a key role in the development of new business models,
which enable new ways to elevate financial performance through the expansion of
offerings, new forms of commerce, and new forms of cross-border organization and
relationship-marketing approaches (Li 2020). However, the results of this study do
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Table 4 Unstandardized and standardized maximum likelihood estimates

Estimate Estimate S.E CR P-value
(unstandardized) (standardized)
Size — Financial | —0.178 —0.100 0.095 —1.885 0.059
performance
Industry — 0.162 0.091 0.094 1.722 0.085
Financial
performance
Digital business 0.009 0.014 0.039 0.241 0.810
model —
Financial
performance
Digital business 0.056 0.224 0.020 2.857 0.004
model — Business
renewal
Business renewal | 1.382 0.526 0.237 5.829 0.000
— Financial
performance

not entirely support these notions. This study’s results are in line with Toytéri et al.
(2018), who suggested that in the case of digital business models, it is not obvious
that digitalization automatically generates business benefits, but companies can strive
for financial benefits by delivering added value to their customers via new types of
solutions.

Second, in terms of H2, the results indicate that business renewal positively medi-
ates the relationship between the digital business model and financial performance.
This is in line with numerous studies that suggest a more fundamental renewal of
business processes and strategies to achieve financial benefits from a digital busi-
ness model (Coskun-Setirek and Tanrikulu 2021; Warner and Wiger 2019; Matt
et al. 2015). Overcoming this challenge may require elements of business renewal,
such as activities captured by flexibility, experiments, and innovation undertaken
by companies to achieve success or alter their path dependence, which extends
their survival and financial success in the long run (Montealegre and Iyengar 2021;
Riviere et al. 2018). The results show that in addition to investing in digital tech-
nologies to change the business model (Venkitachalam and Bosua 2019), digital
business models require a strategic business reform that incorporates the rethinking
of organizational processes and culture, business processes, and operations, as well
as adjustments of the digital business model to existing product processes (Rummel
et al. 2021; Correani et al. 2020; Tabrizi et al. 2019; Warner and Wiger 2019; Matt
et al. 2015). The results also suggest that companies with strong dynamic capabili-
ties are likely to successfully possess a strategic business reform and business model
change in response to digitization (cf. Witschel et al. 2019). Thus, the digital business
model requires broader business renewal than mere changes to the business model in
order to make it a pathway for deeply understanding business opportunities through
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description of value creation, value capture, and financial performance (cf. Xu and
Koivumaiki 2019; Wirtz et al. 2016).

7 Contribution

7.1 Theoretical Contribution

From a theoretical perspective, this study contributes to research in the field of digital
transformation and business models by increasing understanding of business renewal
asitrelates to digital business models. The aim of this research was to study the condi-
tions under which digital business models affect financial performance. Firstly, the
study suggests that digital business models do not directly affect financial success.
Digital technologies enable the crossing of geographical borders, which increases
global competition. Thus, utilizing digital technologies in business models without
more in-depth business analysis is not enough from the perspective of financial perfor-
mance. Secondly, the study suggest that companies should focus on various elements
of business renewal to take full advantage of digital business models from a financial
performance perspective. This refers, for example, to rethinking business processes,
operations, and dynamic capabilities and aligning them with the company’s strategy.

7.2 Practical Contribution

From the perspective of managerial contribution, this study shows that the digital
business model itself does not directly affect companies’ financial performance in
the explored context. This finding demonstrates that while companies adopt digital
business models in pursuit of increased performance, it is not obvious that they can
improve their financial performance merely by adopting a digital business model.
Thus, when seeking improvements in financial performance, companies must pay
attention to business renewal. The results of the study show the mediating effect of
business renewal between the digital business model and financial performance. This
is something companies should focus on while adopting and updating their digital
business model. If the goal is better financial performance, they must focus not only
on the digital business model, but also on business renewal.

7.3 Limitations and Further Research Directions

A limitation of this study is that the results show empirical evidence from one country,
which must be considered before generalizing the results. While the results of the
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study increase understanding of the interplay between the digital business model,
business renewal, and financial performance, there may be some country-specific
characteristics that could influence the results. While the results of the study show
that digital business models do not affect companies’ financial performance directly,
the study also raises the need for further studies to increase understanding of the
effects of digital business models on companies’ performance.
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Digital Innovations and Transformation )
in the Public Sector of Panama L

Laura Martinez

Abstract Digital innovations and transformation have changed the way in which
the public sector works, whilst massive digital disruption took place during the
pandemics. The research gap that this article looks at is the lack of academic research
on this phenomenon in Panama. The paper presented here is as a qualitative case study
of 9 public organizations in Panama and aims to the explore the issue from the theo-
retical framework of the theory of affordances using semi structured interviews and
focus group as well as to serve as a steppingstone for further research of the subject
in Panama and in the rest of the Latin American region.

Keywords Digital - Transformation + Innovation + Disruption + Developing
country - E-government - Women - Public sector + STEM - Public management

1 Introduction

This research paper was presented at the XXXIII ISPIM Innovation Conference
“Innovating in a Digital World” Copenhagen, Denmark in June 2022. It concerns
public sector digitalization, presenting a literature review of the current state of
the art and contributing areas for further research and exploration. Moreover, the
objective of this paper is to share the theoretical background, explain the problem
addressed, the research objective and questions, the research design, an overview of
the findings, contribution, practical implications, limitations and a recommendations
section.
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2 Theoretical Background

Digital transformation refers to the social and economic undertaking of online oper-
ations and the overall change in the way organizations work to the online arena
(Ciuriak and Ptashkina 2019, p. 1). Moreover, according to an article about this issue
in the energy sector, digital disruption is caused by digital transformation though
it brings “new and important opportunities for our societies, both in strengthening
the reliability and resilience of our grids and even highly ambitious climate change
goals” (Chase and Berzina 2018, p. 48). The core idea here could be transversal
to other sectors of society. Thus, it is essential to consider how the public sector is
coping with digital disruption and how besides the challenges it might present, it also
may open opportunities.

Digital transformations might produce status quo disruption in the organization
internal procedures, changes may occur in the way power is held by stakeholders
and, the very core of the organization might completely change. Management needs
to consider the pro and cons and make sure they have the right tools to face the
complications that going digital could bring (Von Kutzschenbach and Brgnn 2017,
p- 1). In the midst of this need of change from traditional procedures to digital ones
digital innovation will be catalysed. For managers the challenge is “successfully
managing the transition from where the organization is toward a desired future state”
(Li 2020, p. 809).

According to Nambisan et al., digital innovation is “the use of digital technology
during the process of innovating. Digital innovation can also be used to describe fully
or partly, the outcome of innovation” (Nambisan et al. 2017, p. 223). In this manner
new digital solution may emerge to new or old problems. It also puts together digital
and physical aspects in order to develop new solutions (Yoo et al. 2010, p. 725). As
mentioned here, the physical aspect is also important to consider, given that there
is physical equipment that is necessary to develop digital innovation and capacity
building of it is also required so that the backend users (public servants) and end
users (citizens) are comfortable with it.

Furthermore, when considering digital innovation in the public sector, it could
be important to analyze it in a wider context. Avgerou and Bonina suggest that
public sector technology professionals need to consider the social aspect to be able
to fully grasp the objectives of the IT projects that are assigned to them. This is
especially important in developing countries where resources are more limited and
unstable political condition can put IT implementation at risk faster (Avgerou and
Bonina 2019, p. 91). This might be a highly important reflection to this research
project considering that Panama is still categorized as a developing country and
most of the countries of the Latin American region are too.

Additionally, in an article about digital affordances, the authors point out that they
are based in the “technical architecture of digital infrastructures, and they support
an economy-wide redesign of value creation, delivery and capture processes” (Autio
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etal. 2018, p. 74). Therefore, it could be inferred that because of the rapid technolog-
ical change the world is facing right now, there is the possibility that the perception
of digital affordances also changed.

Another interesting aspect to look at is the participation of women in all of these,
according to a study about gender gaps in Research and Innovation of the European
Commission, women represent “48% of Ph.D. graduates, 33%o0 f researchers, 24% of
Top-level researchers (grade A) and, 22% of Heads of higher-education institutions”
in the European Union as of 2020 (European Union 2020, p. 1). This could be an
indication of how the gender gap grows as the complexity or the level of seniority
increases. It also elucidates that even though this particular study shows a gap, there
is a presence of women in the field therefore, their perspective is relevant.

Meanwhile regarding the gender gap in sciences, technologies, engineering and
mathematics (STEM) in Latin America, Arredondo Trapero, Vasquez and Veldsquez
mention that social and cultural factors related to women must be considered in order
to be able to diminish the gender gap in the region, thus providing the conditions for
Latin American women to change their own perspective and see themselves as part
of the science and technology field (Arredondo Trapero et al. 2019, p. 154).

Moreover, it seems that the root cause of this issue goes beyond the problem itself.
In fact, “some gender and IS research imports gender theories from disciplines such
as feminism, sociology and psychology to study both gender and IT use, and gender
in the workforce” (Trauth 2013, p. 285). This is a very complex area of analysis that
requires efforts from different areas of study.

An author notes as part of the conclusions of her study, that social, political and
economic conditions are decisive factors for women in innovation leadership posi-
tions and, that there should be policies that take these factors into account (Carrasco
2014, p.421). Thus, it’s possible that having the perspective of women on such issues
and particularly on digital innovation could help broaden its understanding as a topic
and perhaps even help empower women to get involved in this field somewhere in
the future.

Looking at innovation through the gender lens makes it possible to understand the
particular gender concepts within the area of innovation and, the ways in which they
are deep within the mindset of those developing innovation (Pecis 2016, pp. 2119—
2020). Incorporating this lense to this research project, even in a small way could
also provide a deeper comprehension which would enrich the analysis.

3 Problem

Public sector organizations have been relatively slow in their adoption of digital inno-
vation with it being even a novel idea until recent years. However, rapid technology
development in digital innovation alongside the effect of rapid adoption to counter
the global pandemic, digitalization has become a global necessity with increasing
policy calls for adoption. To keep citizens safe through the pandemic, countries imple-
mented several new technologies thus, digital transformation took place, bringing



108 L. Martinez

with it digital disruption in the areas where these changes happened too suddenly.
In Panama, this was also the case, and the speed of digital transformation provided
research opportunity. This is where this study is focused.

4 Research Objective and Questions

Research question: How do managers in Panamanian public sector perceive the
affordance of digital innovation?
And my sub questions are:

What is the understanding of digital innovation in the public sector?

e What is the perception of women and women in management positions of digital
innovation in the public sector?

e How is digital innovation in the public sector developed and implemented?

S Research Design

Regarding the research methodology for this project, I am conducting a qualitative
and exploratory type of research. The goal is to understand the research topic and
explore it, instead of aiming to study large samples in order to have outcomes that
are representative of some area (Ambert et al. 1995, p. 880). Also, I will be using
the inductive approach for this endeavor, the general idea is to gain insight on the
participants perceptions regarding the research topic and questions and, to provide a
description of it (Yilmaz 2013, p. 313) to be able from to gain understanding from
the research participants views. The intent is that my research can also help other
researchers on the future, thus also building on it and looking further other more
specific interest areas.

In reference to my research philosophy choices, ontologically I have chosen
constructionism which “refers to the construction of knowledge through active inter-
action with environments, emphasizing the purposeful production of knowledge”
(Trainor and Graue 2013, p. 13) and, that interaction with the environment is part of
the learning process which leads to construction (Packer and Goicoechea 2000, p. 3).
In other words, knowledge is constructed from different interpretations of realities
therefore the idea is that there is not one single truth.

Moreover, epistemologically I am using hermeneutics, an approach that “provides
insight into ways of interpreting textual material, which can comprise both formal
written texts and spoken words that can be recorded (Easterby-Smith et al. 2012,
p- 170). As an epistemology, hermeneutics “maintains interest in issues of human
knowledge: it does help to explain how humans come to know” (Bineham 1994,
p. 307). Thus, the interest is to understand the topic from human experience and
to have different views according to the perspectives of the participants gathered
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from the data collection, which will enable the possibility of making a wholesome
analysis.

It is important to mention that I will use of secondary data and of comparing the
results from the data collection in Panama with research from other countries in the
Latin American region, the larger scope of the context will help understand better the
experiences from the Panamanian participants and find perhaps some commonalities
or differences which could enhance the depth of the analysis and reflections for the
research project.

Also, it is relevant to highlight that the Theory of Affordances provides an inter-
connection structure from which to analyze the different aspects of technology which
can possibly change (Evans et al. 2017, p. 36). Thus, this theory would be very rele-
vant to the analysis part of this study given as it provides a specific ground where
this research project attempts to contribute to knowledge.

This is a qualitative multiple case study of the affordances of digital innovations
in the public sector of Panama. I am using the case study method which according to
Simmons “is an in-depth exploration from multiple perspectives of the complexity
and uniqueness of a particular project, policy, institution, programme or system in
a’real life” context” (Simons 2009, p. 21) which aligns exactly with the intention of
this project.

It is also relevant to mention that I chose to use this method over others such
as surveys, because the case study seeks to explain the items of study and surveys
attempt to indicate the occurrence of certain events and to predict possible results (Yin
2003, p. 7) and the intention of my study has been from the beginning to understand
the topic at depth. On the other hand, even though ethnography is another qualitative
method that has a similar approach, I did not choose it mainly because it’s a type of
study that requires long periods of time to undertake and the researcher spends most
of its time immersed in one organization carrying out observations and informal
interviews (Reeves and Hodges 2008, p. 514) Therefore, ethnography was not a
suitable method for this research project, given that I would like to contact more
than one public institution in order to compare the results and the long term required
access to a public institution would probably be a sensitive matter.

Regarding the data collection, I used mainly semi structured interviews in 9 public
institutions and was able to carry out one focus group in one of the organizations.
Whilst the data for this research project will be gathered in these two manners, I will
also rely on secondary data, using research from the topic of study focusing on other
Latin American countries for comparison, specifically Brazil and Mexico given that
they are two of the biggest countries in our geographical area and Costa Rica and
Chile which are some of the most technologically advanced countries of the region.
Nevertheless, I might also use research from other parts of the world as a reference
especially in the context part of the thesis.

The aim of the interviews was to get insight in regards of the perception on organi-
zational change of digital innovations in the public sector and, to get people’s overall
view, thoughts, and even personal experiences regarding this issue, also following
the lines of my sub questions specific areas of interest. And for the focus group, they
had the same general objective, with the difference of aiming to get their viewpoints
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the implementation processes and adoption of digital innovation which might differ
from the perceptions of their own managers, and to see the interaction amongst the
group, which could also lead to more a more in-depth grasp of the topics discussed.
The samples were small, given that the interest was to dig deeper into each person’s
perspective rather than to get information that would be representative of some niche.

6 Findings

9 semi structured interviews with senior public managers were carried out in 9 public
institutions in Panama, and 1 focus group with the team members of one of those
public managers.

It’s important to mention that it was the original intention of the Project to have
a focus group which each of the team members of each public manager, however
it was not possible mainly due to their preference to keep their participation in the
study completely anonymous even from their own team.

The data collection took place in two parts, 1st part during the last 3 months of
year 2021 in which 5 semi structured interviews and 1 focus group were carried out,
and the 2nd part during the first 3 months of year 2022. The interviews conducted
lasted between 45 and 60 min, and the focus group, about 90 min.

The participants were approached by sending them an invitation letter to partic-
ipate in the study which was addressed directly to them, the communication with
the public managers and coordination of the meetings was facilitated by the fact that
I personally knew most of them, given that I had worked as a public manager for
almost 5 years at that moment. Thus, not long after the invitations were issued, I was
able to start the data collection.

Regarding to the data analysis framework for this study, it’s based on the Gioia
methodology, which intends to improve qualitative strictness in its “approach to
analyses, especially in terms of organizing the data into 1st- and 2nd-order categories
to facilitate their later assembly into a more structured form” (Gioia et al. 2013, p. 20).
This allows to see the qualitative data in a much more organized way, which might
make it easier to understand for both the researcher and the reader.

The first step towards the analysis, was to transcribe the interviews, and to translate
them. Then the information was coded by common themes, concepts and later on
creating categories. Following the Gioia methodology, 1st and 2nd order concepts
related to 3 different aggregate dimensions came up, which are: digital innovation
development, gender gap perceptions and digital innovation affordances. Moreover,
the interviews with the participants provided much in-depth information from their
own experience regarding digital innovations and transformation in the public sector
in Panama.
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7 Contribution

This research aims to contribute to the theory of affordances, by giving insight on its
application on digital innovation and transformation research analysis and how under-
standing what the subject affords to the public sector provides value to a qualitative
type of analysis.

The paper also expects to contribute practically to public policy, hoping that the
case of Panama could serve as a reference for further study in other Latin American
countries, and/or into more specific subjects of digital innovation and transformation
in the public sector, such as: artificial intelligence, open innovation and, cybersecurity.

8 Practical Implications

Challenges to the adoption and implementation of digital innovations were identified,
which could have practical implications for decision makers and can be used as
lessons to learn.

Some of the challenges identified in the data analysis so far are: having an adequate
IT infrastructure throughout the whole country in order that all of the population
may have internet access, not enough prepared professionals in digital innovation
and transformation related areas, acceptance of change, new cybersecurity threats
and the need of citizen centred digital innovation developments, among others. These
represent serious challenges to a government (and its managers) that is still trying
to process very rapid digital transformation processes, and to citizens who are still
trying to learn how to use new technological developments, or to find a way access
them. Bearing in mind the ongoing health crisis, which still requires many resources
from the government.

9 Limitations

The main limitation for this research was that it was not possible to carry out a focus
group with the team of each public managers interviewed, given that most of them
had a strong preference of their participation in the study remaining anonymous even
from their own team. Given that this was considered in the original research design,
this issue presented an interesting finding, which can be related to the fact that all
of the interviewees were senior managers, and had many years devoted to public
service, which caused them to be more apprehensive towards keeping their opinions
and insights completely private and knowing that what they would share with the
author would not affect them or their post in any way, and this could be only secured
by providing total anonymity.
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Another aspect that can be considered as a limitation worth mentioning, was just
how broad the subject of digital innovation and transformation in the public sector
has become, and as the empirical data collection took place, it came to be obvious
how it has affected many different aspects and how the research could only be but
a small general steppingstone for a research subject that will require much attention
and detailed research into various specific areas of study. However, this limitation
also became an opportunity to highlight these areas in the coming recommendation
section, so they can be considered by other researchers.

10 Recommendations

Digital innovations and transformation in the public sector of Panama in the context
of the pandemics, rapidly increased the speed at which digital disruption took place,
and it also opened the way for more specific sub areas of development and research,
such as: artificial intelligence, open innovation and cybersecurity. It is true that in
concept they already existed, but at a practical level, perhaps only partially and in
terms of academic research on it in Panama and in the Latin American region, it was
almost unexplored. However, as the adoption of these new technologies have been
implemented throughout the public sector it is important to continue to research on
them, so that countries may strategically consider them when public policy planning
is taking place and when resources are being distributed, hopefully as a priority.
Other areas that were brought to conversation during the empirical data collection
by the participants that are interesting to develop further research on them, are: the
age gap and the difficulty of the older generations to adapt to digital transformation
and, the lack of access of indigenous communities to the internet which leaves them
excluded from any and all digital government initiatives, and the importance of
adequate infrastructure for information technologies in urban and rural areas as well.

Appendix

See Figs. 1, 2 and 3.
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Fig. 1

Fig. 2

1st order concepls

113

2nd order themes Aggregate dimensions

1. Digital innovation has to do with everything related 1o computers, internat,
cell phones, and apps for proccesses.

2. Digital innovation is related to digital transformation.

3. Digital innovation is the useo f differant technological tools with the
purpose of improving the services offered by public institutions with the user
in mind, whao is the beneficiary of the procedures carried out.

4. Innovation is doing something different and digital is applying the
available technologies.

§. Digital innovation is connecting on the web all the activities the institutions.
perform.

6. Going from analog to digital processes.

7. Disruptive changes of processes management,

8. It is mostly about collecting data and brining il to the digital context.

9. It leads us to a place where all paperwork have a logic fluctuation and
they have folliow up,

1. Comes as an instruction to public managers from their superiors.

2. Directed by any of the 3 branches of govemment. When innovating state
procasses, laws are affectad, thus is important that these decissions are
made by hierarchy, in oder for the related laws to be modified and digital
innovations 1o be implemented.

3. Instructed by the instituion’s hierarchy. it would be good to have spaces
for the public servants to express innovative ideas and for them to be heard.
4, Develops by direct instruction from superiors. It's a sporadic and without
processes type of innovation, that happens when the head wanis lo
implement something new.

5, Starts from a direct instruction from the presicency. Managers are
informed of the new implementations and invited to take part in capacity
building of the new technology, but public managers are nol asked thedr
opinion and thera is no real space to suggest innovations.

6. It's based on replicating good practices from other countries according fo
acceplance and instruction from the top directives.

7. t's instructed by the general direction.

B. It's instructed by execufives from the genaral govemmant.

9. It comes in to place ing to ichal i i

Graphic. Data structure

1st order concepts

Digital innovation
development
{ A
2nd order themes Aggregate dimensions

1. There are many women working in the public sector,
however in management position, not much.

2. There are fewer women in the technology area, but
this is because women are less interested in
technological cameers.

3. There are less women in management positions than
men in Panama. Due to gender roles, it's expected for
women to take care of her family and in order for
women to advance in their professional careers, they
sometimes postpone family life.

4. There are many women in technoogy, and there is no
difference in salaries between genders.

5. There are more men in management positions due
to political issues. Except when is a post that requires
very technical and specific training.

6. Panama abides by with the SDG's and has 50% male
and 50% women as public managers.

7. There is still room for improvements. There are more
men than women in public management, although
women are equaly capacitated.

8. There are many women workin in technology and
they have proven to be even better than men.

9, There are few women in public management specially
in the technology field.

Graphic. Data structure 2




114 L. Martinez

1st order concepts 2nd order themes Aggregate dimensions

1.Helps to shorten times / Improve customer service / as a
manager helps you in your daily tasks.

2. Gives citizens confidence and problems are solved
quickly.

3. Makes data management and its access easier.

4, Facilitated remote working and operations of the
institution

5. Digital Innovation facilitated remote working.

6. Helps public servants do their jobs better .

7. Makes public processes esier for citizens.

8. Increased productivity and allows for a more direct impact
on public policies.

9. Improved access to public services and facilitated

Benefits of digital
innovations in the
public sector

8

paperwork.
1. In Panama you don t have internet access everywhere D'E!“' Iflno_vatlons
and not everyone has an electronic device / accpetance of implications

change specially of older generations is difficult.

2. Lack of prepared personnel to work in digital
transformation

3. Change acceptance of staff is a complication, people are

setin their old ways. Challenges of
4. To design platforms easy to use for people who have dieital in nﬁaticns
never used them before / Lack of access to intemet, g‘ i
technology and equipment of all the population in the public

5. IT security, make sure the data is protected against sector
possible cibernetic attacks.

6. To continue to adapt to new realities.

7. Having a legal framework that support digital
trasnformation.

8. Citizens confusion and lack of capacity building.

9. Change acceptance by older g tions (60 years plus).

Fig. 3 Graphic. Data structure 3
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Abstract The research project AgilHybrid aims to support SMEs and traditional
industrial companies in innovating digital and hybrid business models. The focus of
the project lies on needed processes, structures and competences for the successful
innovation of digitally networked business models in the era of digital transformation.
To this end, an interorganizational learning platform was developed during the project
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online course) and iAccelerator (as a business model innovation tool), the platform
connects learners from varying organizations. As a practice-oriented contribution,
the paper elaborates on how different learners have developed their competences
when using the platform. Whereas digital experts improve their skills from a good
competence level to a slightly higher level, it is digital beginners that benefit most
from learning on the platform.
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Keywords Business model innovation - Product-service-systems * Digital
business models + Interorganizational learning - Blended learning - Competence
development - Learner persona

1 Introduction

The digital transformation goes hand in hand with fast changing market conditions.
With respect to that, especially SMEs and traditional industrial companies face some
challenges since they often lack in terms of competences for digitalization and busi-
ness model innovation. However, digitalization offers several opportunities to opti-
mize processes by using new technologies or for business model innovation (Araujo
and Spring 2006; Windahl et al. 2004).

Against the background of the rising importance of digital and service-based
business models across all over the world, traditional industrial companies have to
develop their business model innovation capabilities if they do not want to be left
behind (Hess et al. 2016; Ramdani et al. 2021). The aim of the research project
AgilHybrid was to help those companies and their employees to arrive in the digital
age. The following conference contribution shows an important project result in the
field of interorganizational collaboration, namely it describes a learning platform that
connects learners from varying organizations. The paper focusses on how different
learner types can develop their competences when using the platform for interorga-
nizational learning. For this purpose, a categorization of the learning types based on
the collected data after completion of the learning platform was determined.

The remainder of the paper is structured as follows: The second chapter provides
some theoretical underpinnings and insights on prior studies, especially from our
AgilHybrid project. Subsequently, the third chapter describes the platform for interor-
ganizational learning, consisting of the two parts iCourious, which is a Massive Open
Online Course (MOOC) on the basics of digital transformation, and iAccelerator, as
a tool of business model innovation. The fourth chapter elaborates on how different
learner types have developed their competences using the platform, whereas the fifth
chapter reflects on the results. The sixth and last part finalizes the paper with some
concluding remarks.

2 Insight on Prior Studies

The research project AgilHybrid studied on requirements that industrial companies
have to meet in order to successfully develop digitally networked business models
(DNBM). Those requirements range from suitable processes and organizational
structure to necessary competences for developing teams and leadership compe-
tences. This study shows how AgilHybrid merged these requirements into a practical
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online tool that brings learners and business model developers of different organiza-
tions together to develop their competences while working on business model inno-
vation projects. This exciting point highlights the unique nature of this format—a
high diversity of learners, resulting in the identification of a wide variety of personas.

To provide a short theoretical introduction to the development of competences
related to the development of digitally networked business models, this section briefly
considers key aspects and definitions.

Competences and Competence Management. According to Erpenbeck (2017),
competences are described as the ability to act creatively and self-organized in open,
unmanageable, complex, dynamic, and sometimes chaotic situations (Erpenbeck
2017). This results in differentiation to qualifications described as being externally
organized to fulfill given goals, while competences refer to self-organized problem
solving (Arnold 2001). Only by solving real problems or receiving feedback from
partners, learners can internalize values and develop competences (Erpenbeck 2017).

Competence management makes an essential contribution to corporate and human
resources development (Rost 2020) by systematically describing, synchronizing, and
developing individual competences and organizational skills (North et al. 2013).
Specifically, strategic competence management can promote the implementation of
a corporate strategy by using competence models to target employees’ behaviour in
line with the strategy (Meifert 2013). Strategic competence models bundle profes-
sional, social, and methodological competences that have been identified as critical
to success across different roles and organizations, considering future requirements
resulting from the corporate strategy (Meifert 2013).

Digitally Networked Business Models (DNBM). Digitally networked business
models combine physical products and services to hybrid Product-Service-Systems.
Digitalization of products, processes and actors enable the producer to individually
adapt features and meet every customer’s demand. Thus, the customer is involved in
the design and value creation process of the Product-Service-System. Suppliers are
able to raise the added value and therefore profit in terms of revenue (Kinkel et al.
2020).

Innovation of DNBMs. The innovation process of DNBMs demands different
requirements compared to classical business model innovation (BMI) of physical
products. There are more interdependencies of the demands of the actors (Parviainen
et al. 2017; Matt et al. 2015). It is necessary to adapt the features closer to the needs
of the customers. In addition, DNBMs combine various digital elements that are
developed differently than physical products or features.

Therefore, AgilHybrid developed a 4-phase-process model that combines
elements of agile software development, hybrid BMI and the requirements of indus-
trial companies that aim to develop DNBMs (Trabert and Beiner 2021). The four
phases are: (1) problem identification, (2) idea creation, (3) validation and (4) realiza-
tion. The innovation process takes place in iterative recursions, which allow the devel-
opers to test their ideas at an early stage, to adapt prototypes considering customer
feedback and to throw away ideas, if the customers do not like them (Fig. 1).
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EXTERNAL FACTORS (MARKET, CUSTOMER,STAKEHOLDER, COMPETITION)
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PAINS & GAINS IDEAS

STRATEGIC ORGANISATION OPERATIVE ORGANISATION
ALIGNMENT ALAGNMBYT

&7

INTERNAL STRUCTURE AND PROCESSES
Fig. 1 4-phase-process model of business model innovation (Source Trabert and Beiner 2021)

Competences for DNBM developing teams. One core result of the AgilHy-
brid project is the fact that successful innovation processes not only need suit-
able methods and organizational prerequisites but rather the right people with the
right competences and ideas. Following this idea, AgilHybrid developed and vali-
dated a 20-competence model structured in five different competence categories,
as shown in Table 1. Those categories are entrepreneurship capabilities, mutability,
agile capabilities, interoperability and digital capabilities (Beiner et al. 2021).

Prior studies show the necessity to develop these competences if companies aim to
innovate DNBMs. We could notice a difference between the actual competence levels
of the employees and the aimed competence levels for successful DNBM innovation.
Asked for the way leaders of companies wish to develop those competences, learning

Table 1 AgilHybrid 20-competence-model for teams

Entrepreneurship | Mutability Agile capabilities | Interoperability | Digital

capabilities capabilities

Openness to Willingness to | Design thinking Interdisciplinary | Digital thinking

coincidences change collaboration

Business model Creative Mastering Networking Data

thinking problem solving | complexity comprehension

Ecosystem Enthusiasm for | Self-management | Open IT security, law

thinking innovation and reflection communication | and data

protection

Initiative Overview Customer Teamwork Digital

competence orientation collaboration

Source Beiner et al. (2021)
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on-the-job and digital solutions are considered to play a major role (Beiner et al.
2021). This is why AgilHybrid, especially the learning specialist SupraTix devel-
oped a two-stage online platform for interorganizational learning that combines the
advantages of online learning with project-oriented and interorganizational business
model innovation.

3 Platform for Interorganizational Learning

The blended learning course iCourious represents the first stage of the innovation
learning journey in the SupraWorx ecosystem provided by SupraTix. Its focus is to
enable people to understand what is essential while challenging digital transforma-
tion and business model innovation processes. Background knowledge and valuable
methods are presented in web sessions and with the help of video content. iCourious
also has an active and practical level, where participants can test their newly gained
knowledge and have to solve different tasks. For example, they have to write blog
entries describing how they used different methods of BMI. Furthermore, they use a
checklist or a workbook to solve individual and organization related challenges. In
addition, they can get in touch with various experts and other participants. Alone, in
learning tandems, or in a learning group with a maximum size of 5 participants, the
learners use the integrated network, chat and video call capabilities to work together
and ask questions to the experts in expert hours or collaborate on a virtual whiteboard.

A cohort of iCourious takes about four weeks in terms of time. At the end of a
session, the tasks are handed over so that the learners can work out steps towards
digitization independently with our help channels. For elaborating the tasks, we do
not expect more than 7 h in the four weeks. All webinars are recorded so that the
learners can join in after a live session.

In the following, we like to provide an overview of the sessions and learning
process of the iCourious course. These sessions are structured as follows:

1. The three stages of digitization

2. What are digitally networked business models?

3. Actual challenges of business model innovation

4. Discussion of ideas, hurdles and success factors for BMI.

At the end of the course, a certificate is issued for successful participation.

Before and after participation of the learners, their competence maturity level is
calculated based on a questionnaire. To this end, the AgilHybrid competence model
with behaviour anchors is applied. The SupraTix team sees the individual and current
state of competence expression from the calculations and assembles the learning
teams according to this data and the learner’s preferences. Each session, task and
learning content defines a learning aim.

Using SupraTix Al adaptive learning was tested. In adaptive learning, knowledge
transfer is adapted to the current state of knowledge, i. e. participants received an
individual learning path. It turned out that this group of people was about 40% faster
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than the rest of the group while the average learning time was 195 h. In total, 70
learners from different companies were attending the iCourious program.

After completing iCourious, the learners are ready to start innovating their busi-
ness model by using the iAccelerator. It is an internet platform where companies can
design, develop, test and plan digitally networked business models through to real-
ization. They can develop a new business model to “pitch readiness” with different
tools, e.g., creativity methods. The participants bring their business model so far to
test it on potential customers. It aims to support DNBM innovating companies and
single persons with practical methods and to lead through the process, oriented at the
above-mentioned 4-phase-process model. One of the central features of iAccelerator
is selecting and assembling teams for innovation projects while taking the partici-
pant’s competences into account. It is possible to provide interorganizational teams
with innovative new business models with that feature. The iAccelerator combines
various tools in an innovative way.

One of the central elements is a project management software that guides purpose-
fully through the steps of a business model development for digital business models.
At the same time, the system provides the necessary tools for interactive collaboration
and structuring of the content and the project team.

In addition to the collaborative work tools, the platform includes more than 20
design thinking methods used within the context of BMI to identify customer prob-
lems and develop ideas and prototypes. Unique about the iAccelerator platform is
that the people during the business model development are supported by an Al,
which suggests the appropriate methods for the current problem and ensures the
selection of the most promising business ideas. As part of the iAccelerator, partici-
pants are empowered to develop new business models and acquire necessary skills
simultaneously, supported by an Al-enabled governance process.

4 Competence Development of Different Types of Learners

Generally, for the development of digital business models, both managers and devel-
opment teams must be equipped with a broad range of competences. Only teams
with a broad range of different competences can succeed in digital transformation.
Competence development depends on the actual level at which learners start the
learning process. Beginners perform differently compared to experienced innovators
or experts for digitalization. This is the reason why we compare different stereotypes
of learners using the presented platform.

Identification of Learner-Personas. Prior to the participation on the platform,
learners assessed themselves regarding the 20-competence-model. To that intend,
we queried so called behavioural anchors that describe typical actions for people
with distinct competences. This enables us to define and compare different partici-
pants’ competence profiles. By doing so, we were able to identify some stereotypical
learner profiles. We added them to two heterogenous groups of different homogenous
competences. Figures 2 and 3 show selective examples for two of those stereotypes.
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The following competence development relates to learning activities of the iCourious
online course. Those results are used to adapt and improve aspects of the iAccelerator
tool.

Competence development of different learners. The so-called digital beginners
(Fig. 2) exhibit rather high (>80%) interoperability, agile capability and mutability,
medium (60-70%) entrepreneurship capabilities and just low digital capabilities (20—
30%). These learners are characterized as traditional engineers. The digital beginner
is able to develop new products in a traditional, but also in an agile way. They are

Competence development of digital beginners

Digital Capabilities
100

Entreprencurship Capabilities Interoperability

—— D 4, Pz
= (D6, Pre
=D 4, Post

= o= ID 6, Post

Mutability Agle Capability

Fig. 2 Competence development of persona 1—digital beginner (Source own illustration)

Competence development of digital experts

Digital Capabilities
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=o—ID 2, Post
== [D 3, Post
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Fig. 3 Competence development of persona 2—digital expert (Source own illustration)
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good team workers and know how to work in interdisciplinary teams. Raising their
scope from developing products to develop business models is not easy for them. But
most significantly, they lack of digital competences. Especially when it comes to the
innovation of digital business models, digital beginners struggle by understanding
the specific demands.

After completing the iCourious course, learners assessed their competences
a second time. One can recognize a development in the competence groups of
entrepreneurship capabilities and digital capabilities. The other competence groups
did not change noticeably. This effect seems plausible, because these increased
competences are the ones that were the least distinct ones. Focussing entrepreneur-
ship capabilities, the learners increased their competences on a higher level than agile
capabilities. The latter did not increase at all.

These high effects on digital beginners lead to the assumption, that the course
only raises competence levels, that are less distinct. This is why we also studied the
effects of the course on digital experts.

In comparison to the digital beginners, digital experts show at least medium, but
mostly high abilities in every group of competences (Fig. 3). The digital capabilities
for instance, show values from 65 to 80% prior to the participation. The three exem-
plary learners seem to be able to take part in DNBM developing teams. They know
something about agile methods and digital solutions, they are able to collaborate
in interdisciplinary teams and understand the systematics of business models. It is
therefore of interest to compare whether the use of the platform has further improved
these competences.

Observing the competence development of digital experts, one can recognize
positive effects. All the learners increased their competences at the sections of digital
capabilities, agile capabilities and entrepreneurship capabilities. Some learners raised
their competence levels when it comes to mutability, others remained on their prior
level. Interoperability did not change noticeably.

5 Discussion and Reflection

After comparing the competence development of different types of learners, it became
apparent that the benefit of the course iCourious for competence development is
visible. The detailed comparison of mean competence levels over both types of
learners before and after the course is shown in Fig. 4.

In particular, the fact that German companies are lagging behind in the use of
agile or innovative methods for knowledge transfer (Kinkel et al. 2020) means that
the two formats provide a targeted basis for training employees to drive forward the
development of new business models.

Finally, the training of employees represents the central point within an organi-
zation to enrich the (digital) value creation (Trabert et al. 2022). When looking at
the identified learner types, it quickly becomes clear that these groups are present in
almost every organization. Therefore, the developed formats are a new way to build
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Competence development

@Competence level after & Competence Level before

Fig. 4 Cumulated competence development (Source own illustration)

up digital collaboration skills especially for digital beginners, as well as to consoli-
date or slightly improve them for digital experts. From this point of view, iCourious
primarily offers the opportunity for beginners to expand their skills. Thereby a clear
impact on digital skills could be noticed.

It was also recognizable that skills showed improvement when they were already
at a high level. Interoperability is the exception here. These competences did not
increase and rather remained at the same level. However, the interorganizational
platform iAccelerator can support this and enable an increase in competences. The
iAccelerator in particular can bring even more benefits due to its practical relevance
on real problems, so that more value is being created and competences are developed.
(Erpenbeck 2017).

The use and consideration of blended learning approaches in interaction with
the validated competence fields, enabled a target-oriented design of the courses.
Furthermore, the approaches presented here are a good instrument to ensure the
competitiveness of SMEs in particular. In addition, all participating companies can
benefit from a cooperation that goes beyond their own company boundaries. Ideas
can thus be processed across organizations.

Especially the scientifically based analysis of the necessary competences and
embedding them into the 4-phase-process model, proves to be an innovative integra-
tion into the course format. The specific focus on business model innovation provides
a validated added value for companies, especially for their products and services, by
empowering their employees to develop hybrid and digital business models.

Therefore, both tools aim for professionals with an interest in developing compe-
tences for being enabled to innovate digital and hybrid business models. We especially
want to address SMEs that struggle in the era of digital transformation. SMEs often
show a low degree of digitalization. They could benefit from interorganizational
collaboration and learn from our recommendations.
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Nevertheless, the application of both formats is still in its beginning stages and
needs to be further complemented with participating companies. As a result, more
data is needed to concretize or possibly expand the learning type categorization.

6 Conclusion

All in all, we want to disseminate our project results and show the potential of
interorganizational learning by using the developed platform to a broad audience.
By using the platform, SMEs can benefit in particular from the cross-organizational
increase in knowledge and further enhance the development of innovative business
models.

During the review and validation of the developed format, it became clear that
there is an increase in competence with regard to the development of DNBM. In
addition, MOOC:s also appear promising for further investigation, as they represent
an attractive combination of online and collaborative learning environments. This
hybridity will continue to increase in the course of digitization due to the need for
interaction between the physical and virtual world of work.

The AgilHybrid project was funded by the German Federal Ministry of Education
and Research (BMBF) and the European Social Fund (ESF) within the Future of Work
funding program and implemented by the Project Management Agency Karlsruhe
(PTKA). The authors are responsible for the content of this publication.
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data sources are recommended? By conducting a systematic literature review, the
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1 Introduction

Why do we talk of foresight rather than vision? Vision connotes a dream or an apparition,
and there is more to industry foresight than a blinding flash of insight. Industry foresight is
based on deep insights into trends in technology, demographics, regulations, and lifestyles,
which can be harnessed to rewrite industry rules and create new competitive space. While
understanding the potential implications of such trends requires creativity and imagination,
any “vision” that is not based on a solid foundation is likely to be fantastical. (Hamel and
Prahalad 1994)

In their text “Competing for the Future”, Hamel and Prahalad (1994) ask their readers
whether their companies have a clear shared vision of what their own industry might
look like in the future. Although this work dates back several years, the question seems
more relevant than ever in the current global economic situation. If the past few years
have made one thing clear, the market is inevitably changing, and tomorrow’s compet-
itive advantages will be different from today’s. However, just as discontinuities in
the market can lead to uncertainty, they also offer scope for new disruptive busi-
ness opportunities. Data-Driven Foresight is a promising approach for companies to
proactively identify and seize future competitive advantages (Rohrbeck et al. 2015).
Data-Driven Foresight (DDF) uses various data sources to make statements about
trend-driven developments in the future. By applying suitable analysis methods, the
data is processed and interpreted so that concrete measures for action can be derived
from it (John 2022). DDF in companies primarily deals with technology and market
trends. It provides a better understanding of the future and thus opens an opportunity
to influence it. At the same time, DDF expands the diversity of perspectives in the
company and helps to achieve more flexibility and participation in decision-making
(Blind et al. 1999). Business practice has always been concerned with looking into
the future and planning activities in advance. However, due to increasing competi-
tive dynamics, fuelled by advancing globalization and digitalization, future-oriented
decision-making in Technology and Innovation Management (TIM) and Product
Management (ProMM), including Life Cycle Management (LCM), is becoming
increasingly complex (Martin 1995). In this context, an increasing number of studies
on digital transformation in LCM is entering the field, striving to get a hold on incor-
porating new digital technologies, changing customer requirements, and big data
insights into product development and life cycle considerations (Holler et al. 2019;
C.-H. Lee et al. 2021; Li et al. 2015). Developments in science and technology are
interdependent with social change and global economic success. Moreover, inno-
vations are increasingly emerging in large, heterogeneous innovation ecosystems
with numerous stakeholders and multi-layered interest groups. Rapid improvement
counters this in data collection, processing, and analysis. Therefore, DDF promises
to provide an ever-better picture of the future regarding long-term challenges and
opportunities (Becker 2002). This publication aims to provide the current state of
the art on DDF in science and practice. Furthermore, the paper strives to make a
scientific contribution to the application of DDF in LCM with regard to increasing
digital support in LCM decision-making.
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2 Research Methodology

The research methodology of this paper comprises a systematic literature review and
the collection and evaluation of qualitative data employing semi-structured expert
interviews. From the current need for research in the field of DDF, the following
research question arises and will be answered in this paper: How do companies obtain
their data for DDF in LCM, and what alternative data sources are recommended?

The systematic literature review follows a three-step process, which includes first,
planning the literature review; second, conducting the literature review; and third,
formulating and disseminating the results (Tranfield et al. 2003). The relevance and
scope of the topic-specific literature were delineated by an initial filtered search
in the Web of Science, which resulted in 2,720 hits. The following search terms
and filter settings were used as a basis for this initial search: data-driven foresight
(All Fields) or foresight methods (All Fields), or data sources foresight (All Fields).
To refine the search results the following search query was added to the keywords
during the second process step: (Data OR Method* OR Algorithm*) AND foresight
AND (compan* OR firm* OR corporate*) (Topic). This search query resulted in
288 hits on the Web of Science. After an initial review of the literature base data
and a subsequent detailed analysis of the full texts, those works were included in
the final list, which both addressed a research question relevant to the subject and
demonstrated a high degree of internal validity in their methodological approach.
Resources that did not meet the above criteria were excluded from the list. The next
section of this publication contains the results of the literature analysis. It presents
the state of the art of DDF data sources and methods together with its leading authors
in a tabular form.

Since it is beneficial to use a qualitative research method to investigate young
research areas with a limited knowledge base, the present work relies on semi-
structured expert interviews (Rohrbeck and Gemiinden 2011). To meet the basic
criteria for a high-quality qualitative study, the current work considers the subjective
meaning that the interviewed experts attach to specific experiences and events. This
also preserves the necessary degree of flexibility that a qualitative method requires to
be able to collect context-specific data. The sampling strategy is described in section
four of this paper and fulfills the conditions of theory- and context-relatedness. By
interviewing several independent experts, data triangulation could be established,
which facilitates the generalizability of the findings obtained (Popay et al. 1998).

In a concluding discussion in the last section, the findings from the literature
review are contrasted with the results of the semi-structured expert interviews. This
makes it possible to uncover existing similarities and any discrepancies between
theory and practice and to find a well-founded answer to the research question.
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3 Literature Review

3.1 State-of-the-Art Data Sources for Data-Driven Foresight

In the theoretical part of this paper, the focus is entirely on the data sources and
methods available for Data-Driven Foresight. Since the outcome of a foresight project
depends mainly on the selection of suitable data sources, these will be described first
in the further course of this chapter before some well-known and proven foresight
methods are explained in more detail.

To ensure a structured presentation of the data sources, this study follows a
simple STEEP (Society, Technology, Economy, Environment, Politics) approach.
The STEEP analysis, as such, is an external environmental analysis. By listing all
the factors or trends per perspective that have a significant influence on a unit under
investigation, a holistic view of the industrial dynamics in a business environment is
created (Saritas et al. 2019). Just as trends and their drivers can be classified using a
STEEP analysis, the data sources on which the DDF is based can also be classified
in these perspectives. Throughout this chapter, the relevant data sources for each
perspective are displayed with mention of the most influential authors. Additionally,
their types (textual, numerical, verbal) and structures (structured, semi-structured,
unstructured, mobile/sensor-based data) as well as their positions along the tech-
nology life cycle are described. As a basis for the latter serves Table 1 by Martino
(2003), who started to position the DDF data sources according to their informative
value in an earlier work.

According to the author, emergent technologies that are still at the very beginning
of their life cycle can be derived from scientific publications. On the other hand,
the analysis of newspaper and press data makes it possible to identify trends that
relate to technologies and products that are already in the application phase or the
social impacts phase (Martino 2003). For some of the established data sources, a
valid assignment to the life cycle phases already exists according to the current state
of research (Mikova and Sokolova 2019). In such cases, the present work adopts
the proposed positioning. In the case of newer data sources, which have not yet
been comprehensively studied, the evidence-based classification by previous research
work is partly missing. Here, the present work takes its own positioning of the data

ggtl;le 1 Sources for lifecycle R&D stage Typical source
Basic research Science citation index
Applied research Engineering index
Development US patents
Application Newspaper abstracts daily
Social impacts Business and popular press

Source Martino (2003)
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source along the technology life cycle. This is done based on the proven informative
value of the respective data source and should be validated in the context of future
research. Table 2 provides an overview of data sources that, according to the current
state of literature, are suitable for analyzing the societal factors influencing the future
of a business field.

Table 3 contains the data sources of the technological perspective and briefly
describes and typologizes them.

Table 4 shows the state of the art of data sources that, according to the current
state of research, are suitable for analyzing economic trend drivers.

Table 5 contains the state-of-the-art data sources from the environmental

perspective.

Table 2 Overview of DDF data sources for the social perspective

Data source

Database/Data
collection

Typology

Authors

Expert opinions

Experts from academia

Unstructured, verbal,

Dransfeld et al. (2000)

and practice and textual data Reger (2001)
Interviews Life cycle stages:
(semi-structured) development and
Surveys application
(semi-structured)
Customer reviews | Complaint Semi-structured, Becker (2002)
Management numerical, and textual | Chen et al. (2012)
Online-customer data Reger (2001)
reviews Life cycle stages: Zhang et al. (2014)
application and social | Zhang et al. (2015)
impacts
Media/press Factiva Un-structured, textual | Daim et al. (2006)
LexisNexis data Mikova and Sokolova
Newspapers and Life cycle stages: (2019)
articles application and social | Reger (2001)
impacts Segev et al. (2015)
Job postings Bundesagentur fiir Un-structured, textual | Costa Dias et al. (2020)

Arbeit,

data

Deming and Kahn

Indeed, Life cycle stage: (2018)

Burning Glass development Hirudayaraj and Baker
Technologies, (2018)

Job portals Reger (2001)

Web sources News pages e.g., New | Un-structured and Bonaccorsi et al. (2020)
York Times semi-structured, textual | E1 Akrouchi et al.
Websites and blogs data (2021)

RSS Feeds Life cycle stages: Ferragina and Scaiella
Wikipedia application and social | (2012)
Search engine inquiries | impacts Miihlroth and Grottke
e.g., Google Trends (2018)

Segev et al. (2015)
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Table 3 Overview of DDF data sources for the technological perspective

Data source Database/Data Typology Authors
collection
Awards and funding RaDiUS Semi-structured, Cozzens et al. (2010)

programs (in research)

Forderkatalog (BMBF)
National research

textual data
Life cycle stages:

institutions basic research and
applied research
Conferences Ei Compendex Un-structured and | Mikova and Sokolova
INSPEC semi-structured, (2019)
Conference websites textual data Porter and
Life cycle stages: | Cunningham (2005)
basic research et Rohrbeck et al. (2015)
seq
Gartner Hype Cycles Gartner Inc. Un-structured, Segev et al. (2015)
textual, and ‘Waustmans et al. (2022)
numerical data
Life cycle stage:
any
Collaborations Press releases Un-structured, Fritsch et al. (2020)
Forderkatalog (BMBF) | textual data Reger (2001)
Corporate and Life cycle stage:
university websites applied research
and development
Patens European patent office | Semi-structured, Mikova and Sokolova

World intellectual
property organization
Derwent world patent
index

Questel orbit

textual data
Life cycle stage:
development

(2019)

Miihlroth and Grottke
(2018)

Segev et al. (2015)
Wustmans et al. (2022)

intelligence
PatBase
National patent offices

Scientific publications | Web of Science Semi-structured, Cozzens et al. (2010)
Scopus textual data Mikova and Sokolova
Ei Compendex Life cycle stages: | (2019)
INSPEC basic research and | Miihlroth and Grottke
Subject-specific applied research (2018)
journals Stelzer et al. (2015)

In Table 6, the data sources for the political perspective are listed as well as
described and typologized.

To increase both the effectiveness and efficiency of foresight activities, researchers
and practitioners are constantly searching for new data sources and improved analyt-
ical methods for DDF. In this context, there is a strong focus on reducing human
bias in decision-making under uncertainty. Therefore, improving search strategies
and keyword definitions can be vital to increase the data quality in future foresight
projects. In addition, it is recommended to stronger rely on automation and machine
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Table 4 Overview of DDF data sources for the economic perspective
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Data source

Database/Data collection

Typology

Authors

Foresight projects

European Foresight
Monitoring Network

Un-structured, textual
data

Crehan et al. (2008)
Mikova and Sokolova

(EFMN) Life cycle stage: any (2019)
Reger (2001)
Business reports | EDGAR/U.S. Securities | Semi-structured, Kloptchenko et al.
and Exchange numerical, and textual | (2004)

Commission (SEC)
Company registers of
German Federal Gazette

data

Life cycle stages:
development and
application

Qiu et al. (2006)

Start-ups Crunchbase Inc. Un-structured and Cozzens et al. (2010)
Deutscher Startup structured, textual, and | Kortum and Lerner
Monitor numerical data (2000)
Life cycle stages: Mikova and Sokolova
applied research and (2019)
development Reger (2001)
Remané et al. (2016)
Zhou et al. (2016)
Trend data TRENDONE Semi-structured, Wustmans et al.
Trendexplorer textual data (2022)

Life cycle stage: any

Venture Capital

Thomson Reuters
VentureXpert
S&P Capital 1Q
Pitchbook

Preqin
VCExperts
Crunchbase Inc.

Un-structured and
structured, textual, and
numerical data

Life cycle stage:
applied research and
development

Cozzens et al. (2010)
Kaplan and Lerner
(2017)

Kortum and Lerner
(2000)

Mikova and Sokolova
(2019)

Reger (2001)

Table 5 Overview of DDF data sources for the environmental perspective

Data source Database/data Typology Authors
collection

Sustainability reports | Global Reporting Semi-structured, Freundlieb and
Initiative (GRI) textual, and numerical | Teuteberg (2013)
Corporate register | data Kolk (2004)

Life cycle stages:
application and social

Liew et al. (2014)
Székely and vom

impacts Brocke (2017)
Traffic data Bayernlnfo Mobile/sensor-based, Leduc (2008)
ADAC numerical data Maarala et al. (2015)

Life cycle stages:
application and social
impacts

Mikova and Sokolova
(2019)

van Lint and
Hoogendoorn (2010)
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Data source Database/data collection | Typology Authors
Calls for tenders Tenders electronic daily | Structured, textual, Ebener and Ebener
(European Commission) | and numerical data (2017)
Deutscher Life cycle stage: Klien and Holzl
Auftragsdienst (DTAD) | application (2019)
Political debates Hansard (UK Un-structured, Balahur et al.
Parliament) textual data (2009)
GovTrack.us (US Life cycle stages: Mackieson et al.
Congress) development et seq | (2019)
Dokumentations-und Vilares and He
Informationssystem fiir (2017)
Parlamentsmaterialien
(DIP)
Regulations (planned) | Regulatory foresight Semi-structured, Blind (2008)
projects textual data Ladegaard and
Sigma Scan Project Life cycle stages: Konvitz (2003)
development et seq | MacDonald et al.
(2011)
Social Media Online communities, Un-structured, Ehls et al. (2020)
blogs, and forums textual data Grubmiiller et al.
Twitter Life cycle stages: (2013)
Facebook development ff Laurell and
Instagram Sandstrom (2022)
Notified (social listening Miihlroth and
and media monitoring) Grottke (2018)

learning to detect weak signals better and earlier (Miihlroth and Grottke 2018). A
restructuring of the foresight process in a way that the human component is moved
from the beginning of the process (data collection) to the end (interpretation and
decision-making) appears to make sense in this context (Keller and Gracht 2014).
Similarly, collaboration with other companies in the innovation ecosystem is seen as
away to increase and improve the database for Data-Driven Foresight (Becker 2002).
Again, digital transformation comes into play, with its ability to support networking
and cooperation, for example, through the exchange of data. Coming from existing
research, it can even be deduced that parts of established foresight processes are
suitable for digital transformation (Schallmo et al. 2017), supporting the above-
mentioned need to restructure foresight processes. The specific data sources and
methods used for a foresight project depend on several factors. As already indicated,
the life cycle phase of the technology to be monitored plays an important role. But
also, the goal of the foresight, the resources available, and the desired scope of the
analysis determine which data sources and methods are used (Mikova and Sokolova
2019). For a Data-Driven Foresight, which is intended to cover the entire life cycle,
it is, therefore, advisable to combine several data sources and methods in such a way
that valid trend statements can be made for each phase of the life cycle. In this way,
companies can not only conduct a stage-specific foresight for each of their existing
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(1) Scientific Publications (8) Expert opinions (15) Traffic data

(2) Conferences (9) Social Media (16) Sustainability reports
(3) Awards and funding programs (10) Political Debates (17) Web sources

(4) Collaborations (11) Regulations (planned) (18) Media / Press

(5) Start-ups and Venture Capital (12) Business reports (19) Gartner Hype Cycles
(6) Patents (13) Customer reviews (20) Foresight projects
(7) Job postings (14) Call for tenders (21) Trend data

Fig. 1 Graphical allocation of DDF data sources to the lifecycle stages. Source Osswald et al.
(2015)

technologies, rather they can accompany their technologies as they move into the
next lifecycle stage.

Figure 1 shows a product or technology life cycle model containing a graphical
allocation of the identified DDF data sources above to the individual life cycle phases.

The literature-based allocation of DDF data sources to individual life cycle phases,
as depicted in the extended life cycle model above, cannot be made with pure accu-
racy. Primarily since most existing foresight studies mainly focus on the derivation
of trends and not on the life cycle expressiveness of data sources. The few life cycle
considerations are only made with a rough classification into higher-level phases,
such as the development or market phases. Additionally, some data sources can
provide meaningful results across multiple lifecycle stages. Because this condition is
difficult to depict graphically, the chosen form of representation greatly simplifies the
complexity of the actual interrelationships. The model extension does not imply that
the individual data sources may be used exclusively in the lifecycle phases assigned
above. Rather, it builds on the fact that different data sources have different foresight
horizons and provides a first graphical representation of this phenomenon. However,
Fig. 1 shows that according to the current state of research, enough data sources are
available to cover the entire technology or product lifecycle with a DDF process.
These findings are not only relevant for integrating foresight activities into LCM but
hold the potential to support digital transformation in LCM as well as corporate fore-
sight processes. The later proves to be particularly relevant, coming from studies that
show how the digital transformation of foresight processes can even amplify corpo-
rate digital transformation strategies arching across multiple management practices
(Peter 2019).
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3.2 State-of-the-Art Methods for Data-Driven Foresight

Table 7 provides a compact overview of the literature-based state-of-the-art foresight
methods available to analyse the data sources identified so far. In addition to listing
the DDF methods in an alphabetical order, Table 7 also contains a brief description
of how the listed methods work, as well as an assignment of the data sources and
types for which the DDF method is suitable.

4 Expert Interviews

4.1 Data Collection

The selection of experts follows a targeted sampling strategy. This is based on both
the objective of the paper and the findings obtained from the systematic literature
review. The goal of the sampling strategy was to select typical members of the interest
group while maintaining some variation in the population (Starr 2014). The criteria
for choosing the experts were defined in advance and recorded in an interview guide.
Accordingly, the experts were required to represent a company with established
foresight practices in the fields of product, technology, or innovation development.
In addition, the respective expert should be actively involved in the selection of data
and methods or at least be kept informed about them. Based on this and following the
current state of literature, three stakeholder groups emerged whose members could
be considered as conversation partners for the semi-structured expert interviews.
First, the foresight managers, who are responsible for the foresight projects in the
company. Secondly, the foresight team, which is made up of all employees who
are involved in the practical implementation of foresight. And finally, the internal
foresight customers, i.e., those employees who use the foresight results (Rohrbeck
and Gemiinden 2011). The experts were initially contacted by e-mail. Twenty-two
experts from twenty different companies responded with a commitment and were
subsequently interviewed with the help of a predefined and literature-based interview
guide. This approach enabled a certain degree of structure while remaining open
to new insights. To ensure the validity and replicability of the data collection, all
interviews were recorded after prior approval by the experts and then transcribed.
The duration of the individual interviews varied depending on the interviewee but
was generally between 45 and 75 min. Table 8 provides an overview of the experts
interviewed together with a short classification of their represented company types.
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Table 7 Overview of DDF methods per data source and type
Method Functionality Data source/type Authors
Bibliometrics Bibliographic coupling; | Semis-structured, Hanisch and Wald
identifying research textual data (2012)
fronts Data source: scientific | Persson (1994)
Co-citation; identifying | publications Stelzer et al. (2015)
knowledge bases
Delphi Surveys and discussion | Un-structured, verbal, Dransfeld et al.

boards; finding
consensus on a question

and textual data
Data source: expert
opinion

(2000)
Segev et al. (2015)

Futures images

Interviews
(semi-structured) and
workshops; developing
images of the future
Transcription and
coding; enabling text
analysis

Un-structured, verbal,
and textual data

Data source: expert
opinion

Ahlgvist and Uotila
(2020)

Jokinen et al. (2022)
Rossel (2012)

Patent analysis

Patent mapping;
developing a patent map
Morphological analysis;
exploiting the
technology system
Network and citation
analysis

Semi-structured, textual
data
Data source: patents

Chang et al. (2010)
Lee et al. (2020)
Lee et al. (2011)

Systems dynamics
modelling

Feedback loops;
modelling complex
systems

Cause and effect
relationships

Data source: results of
other foresight methods

Daim et al. (2006)
Sterman (2000)

Scenario analysis

Multi-stage analysis
process; deriving three
scenarios

Systems thinking and
PESTEL; determining
the focus of analysis
Quantitative trend
analysis; formulating
forecasts

Systems dynamics
modelling and cluster
algorithms; bundling
topic clusters

Un-structured, verbal
data and
semi-structured, textual
data

Data sources: expert
opinions in combination
with scientific
publications, patents
etc.

Amer et al. (2013)
Drew (2006)
Mietzner and Reger
(2005)

Piirainen and
Kortelainen (2010)
Saritas and Aylen
(2010)

Stelzer et al. (2015)

Technology road
mapping

Time-based multilevel
diagrams; representing
the co-evolution of
markets, products, and
technologies

Any textual, numerical,
and verbal data

Data sources: expert
opinions, results of
other foresight methods
etc.

Bray and Garcia
(1997)
Phaal et al. (2004)

(continued)
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Method Functionality Data source/type Authors

Text mining (esp. | Latent Un-structured, textual | Blei et al. (2003)
Natural language | Dirichlet allocation; data El Akrouchi et al.
processing) topic modelling Data sources: web (2021)

Term frequency; word
frequency analysis
Word2Vec; word
similarity analysis
Sentires; sentiment
analysis at phrase level

sources, social media
data, customer reviews,
sustainability reports
etc.

Kim et al. (2020)
Maitre et al. (2019)
Mikolov et al. (2013)
Zhang et al. (2014)

Growth curves

Fisher-Pry model;
calculating the
substitution rate
Gompertz function

Structured, numerical
data

Data source: sales
figures

Daim et al. (2006)
Porter (2010)
Roper et al. (2011)

Lotka-Volterra
equations

4.2 Data Analysis

When analyzing qualitative data, it is always important to recognize clear patterns in
the data set and to interpret them correctly. To ensure validity, the present study applies
the so-called “Reasonable Person Standard,” based on a level of care and systematic
approach to data analysis that would be applied by any reasonable person concerned
with scientific validity. With the help of this narrowly defined analysis approach, it
can be ensured that the personal views of the researcher do not find their way into
the evaluation and interpretation of the results (Starr 2014). It is advantageous for
the data analysis that the underlying interview guide was structured in a way that
simplifies the derivation of causalities.

5 Findings and Discussion

Comparing the results of the systematic literature analysis and those of the semi-
structured expert interviews, various similarities and discrepancies between fore-
sight theory and foresight practice can be derived. Based on the thematic scope of
the foresight activities described by the experts, it can be seen that the theory-based
classification of data sources into STEEP perspectives has tremendous practical rele-
vance. All experts state that their foresight process is somehow guided by the STEEP
perspectives (or PESTEL), even if they weigh the perspectives differently. Never-
theless, the companies interviewed use a variety of data sources and types, some of
which differ from the data sources explained in the theory section.

It is noticeable that the typical data sources of the early life cycle phases, which
are very popular in research, such as scientific publications or patents, are rather
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Table 8 Overview of interviewed experts and their represented companies
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Experts | Position Company type
1 Head of foresight management Industrial firm
2 Senior management consultant for digital foresight and trends Industrial firm
evaluation
3&4 Vice president engineering Industrial firm
Senior manager market intelligence
5 Corporate strategy, market intelligence Industrial firm
6 Global scouting, foresight and technology management Industrial firm
7 Senior vice president research and advanced engineering Industrial firm
8 Division management digitalization and IT Industrial firm
9 Head of foresight Industrial firm
10 Director of global marketing Industrial firm
11 Head of global operations Industrial firm
12 Head of data science Industrial firm
13 Customer intelligence and human trends Insurance
company
14 Corporate strategy manager Insurance
company
15 VP principal analyst Consultancy
16 Senior consultant Consultancy
17 & 18 | Principal innovation and strategy managing consultant industrial | Consultancy
goods and high tech
19 Senior associate Consultancy
20 Consultant Foresight tool
provider
21 Director customer innovation success Foresight tool
provider
22 Head of foresight lab Foresight tool
provider

seldomly used by companies in practice. The reason given by the experts in question
is that their represented companies are technology followers. In the context of fore-
sight, it is more interesting for those experts to identify innovations that are already
available and assess their suitability for the company rather than aiming to develop a
new trend. Technology leaders, on the other hand, have the ambition to develop basic
technologies, which is why an early-stage DDF is also required for them. For theory,
this leads to the realization that in addition to the selection criteria for foresight
data sources and methods presented in section three, the positioning of a company
as a technology leader or follower also plays an important role. Additionally, the
interviews showed that technology followers tend to outsource the aggregation of
individual lifecycle-encompassing data sources to external service providers and, in
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turn, purchase their publications as consolidated data sources. At the same time, tech-
nology followers outsource the application of foresight methods to external service
providers and only perform manual analyses of the purchased data sources. In this
regard, some interviewed experts from technology followers reported that they lack
a methodical approach to tapping alternative data sources and that available fore-
sight tools are financially unattractive, especially for technology followers. While
this holds potential for digital transformation as such, the question arises whether
technology followers are the right target group to introduce a new foresight process
for DDF in LCM.

Coming from the challenges and problems in the practical implementation of
DDF, the interviews revealed some interesting starting points for developing a novel
DDF method in LCM. First and foremost, stands the improvement of effectiveness
and efficiency in the further processing of foresight results to downstream depart-
ments. This concerns not only the derivation of concrete action measures but also
the company-wide strengthening of the understanding of foresight practices and the
optimization of knowledge communication and knowledge management. Due to the
fact that the qualitative success of foresight activities often is to trigger operational
actions in the company, practitioners are always interested in making DDF more
suitable for everyday use and accelerating its internal impact. In this context, the
interviewed experts also see the potential for optimizing available analysis tools
when it comes to automated data collection and analysis. Besides the reduction of
false positives, the improvement of usability is also considered urgent. According
to the experts, consistent data sources, analyses, and presentation methods could
increase the applications’ comprehensibility and results. This, in turn, would be
beneficial for the further processing of foresight results. Systematizing the selection
of data sources and methods could provide an initial remedy and path the way for
further digital transformation in foresight processes. For this, the work at hand lays
an important foundation with the presented state-of-the-art analysis.

Some generally valid premises can be derived to answer the research question of
how companies obtain their data for DDF in LCM and what alternative data sources
are recommended. A general premise is to be guided by STEEP perspectives and to
cover as many of these perspectives as possible with DDF. The distinction between
technology leaders and followers has emerged as an equally valid indicator of how
and which data a company obtains for its foresight activities. Technology followers
focus their foresight activities on technologies and trends that are already known and
can therefore be identified via data sources of the later lifecycle phases (development
etseq.). In connection with this, technology followers often outsource the aggregation
of individual data to specialized analytics companies and, in turn, purchase their trend
reports as foresight data sources. Technology leaders are interested in both mature
and emerging technologies and trends as part of their DDF, which is why their data
sources cover the entire lifecycle. The aggregation and analysis of individual data
are mainly done in-house, which can partly be explained by the fact that technology
leaders tend to allocate more human resources to their foresight than it is the case
with technology followers. The data sources identified in the systematic literature
analysis of this publication are generally recommended as alternative data sources
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for DDF in LCM. Accordingly, textual as well as numerical or verbal data can be
used, either in structured, semi-structured, or unstructured form. To analyze these
data sources, different foresight methods are available depending on the type of data.
Regarding the specific selection of data, the premise is to be guided by both the
perspective- and the lifecycle-related informative value of individual data sources.
According to the findings of this work, each STEEP perspective and lifecycle phase
relevant to a company should and can be covered by DDF.

By answering the research question, this paper contributes to the current state of
research in the field of data-driven foresight in that it identifies the positioning of a
company as a technology leader or follower as an additional selection criterion for
relevant data sources and foresight methods. Regarding this, the scientific foresight
literature focuses mainly on technology-leading companies, and the relevance of the
foresight value chain often remains unrecognized. By providing a structured compi-
lation of the state of the art of foresight data sources and methods and describing their
typology and perspective expressiveness, this work makes an important contribution
to the current state of literature. Together with the positioning of all presented data
sources along the life cycle model, which is also an extension to the current state of
research. Finally, the work at hand outlines several levers for digital transformation
in the fields of DDF and LCM and does not fall short on mentioning that incorpo-
rating DDF into LCM holds great potential for the digital transformation of decision
processes.

6 Limitations and Future Research

Due to the research methodology and the limited scope of this paper, the present work
is based on several limitations that need to be overcome in the context of further
research. On the one hand, the classification of DDF data sources along the life
cycle model requires quantitative validation. This is because the analyzed literature
has isolated gaps in the concrete positioning of known data sources along the life
cycle. On the other hand, the state of the art of foresight data sources and methods is
subject to constant development and supplementation. Future research should always
maintain its openness to alternative data sources and methods. A further limitation
of the present work is the qualitative research method used. Although the semi-
structured expert interviews deliver valid, transparent, and thus replicable results to
answer the research question, this in turn, opens up new research gaps that can only
be closed with the help of quantitative methods.

For further research on data-driven foresight in life cycle management, it is, there-
fore, advisable to conduct quantitative trend analyses using the data sources and
methods presented. However, the results should not only be used for pure trend fore-
sight, as it has been the case to date but should also demonstrate the validity of data
sources and methods used along the technology or product life cycle. To make this
possible, future studies should combine several data sources and methods with each
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other. Based on these results, further research can focus on developing and mani-
festing a generally valid approach for lifecycle-encompassing data-driven foresight
in industrial companies and thereby exploiting the potential for digital transformation
of foresight processes. In this respect, the identified need for research to optimize
internal processing of foresight results within a company and the need for further
development of foresight tools should also be the focus of future research.

References

Ahlgvist, T., Uotila, T.: Contextualising weak signals: towards a relational theory of futures
knowledge. Futures 119, 102543 (2020). https://doi.org/10.1016/j.futures.2020.102543

Amer, M., Daim, T.U., Jetter, A.: A review of scenario planning. Futures 46, 23—40 (2013). https://
doi.org/10.1016/j.futures.2012.10.003

Balahur, A., Kozareva, Z., Montoyo, A.: Determining the polarity and source of opinions expressed
in political debates. In: Gelbukh, A. (ed.) Lecture Notes in Computer Science. Computational
Linguistics and Intelligent Text Processing, vol. 5449, pp. 468—480. Springer, Berlin, Heidelberg
(2009). https://doi.org/10.1007/978-3-642-00382-0_38

Becker, P.: Corporate foresight in Europe: a first overview. European Commission (2002). https://
ams-forschungsnetzwerk.at/downloadpub/2003_st_corporate_foresight_040109.pdf

Blei, D.M., Ng, A.Y., Jordan, M.1.: Latent dirichlet allocation. J. Mach. Learn. Res. 3, 993-1022
(2003)

Blind, K.: Regulatory foresight: methodologies and selected applications. Technol. Forecast. Soc.
Chang. 75(4), 496-516 (2008). https://doi.org/10.1016/j.techfore.2008.02.004

Blind, K., Cuhls, K., Grupp, H.: Current foresight activities in Central Europe. Technol. Forecast.
Soc. Chang. 60(1), 15-35 (1999). https://doi.org/10.1016/S0040-1625(98)00021-3

Bonaccorsi, A., Chiarello, F., Fantoni, G., Kammering, H.: Emerging technologies and industrial
leadership. A wikipedia-based strategic analysis of Industry 4.0. Expert Syst. Appl. 160, 113645
(2020). https://doi.org/10.1016/j.eswa.2020.113645

Bray, O.H., Garcia, M.L.: Technology Roadmapping: the Integration of Strategic and Technology
Planning for Competitiveness, pp. 25-28. IEEE (1997). https://doi.org/10.1109/PICMET.1997.
653238

Chang, P.-L., Wu, C.-C,, Leu, H.-J.: Using patent analyses to monitor the technological trends in an
emerging field of technology: a case of carbon nanotube field emission display. Scientometrics
82(1), 5-19 (2010). https://doi.org/10.1007/s11192-009-0033-y

Chen, H., Chiang, R.H.L., Storey, V.C.: Business intelligence and analytics: from big data to big
impact. MIS q. 36(4), 1165 (2012). https://doi.org/10.2307/41703503

Costa Dias, M., Norris Keiller, A., Postel-Vinay, F., Xu, X.: Job Vacancies During the Covid-19
pandemic (2020). https://doi.org/10.1920/BN.IFS.2020.BN0289

Cozzens, S., Gatchair, S., Kang, J., Kim, K.-S., Lee, H.J., Ordéfiez, G., Porter, A.: Emerging
technologies: quantitative identification and measurement. Technol. Anal. & Strat. Manag. 22(3),
361-376 (2010). https://doi.org/10.1080/09537321003647396

Crehan, P, Elkins, S., Giesecke, S.: The European foresight monitoring network: collection of
EFMN briefs. Office for Official Publications of the European Communities (2008)

Daim, T.U., Rueda, G., Martin, H., Gerdsri, P.: Forecasting emerging technologies: use of biblio-
metrics and patent analysis. Technol. Forecast. Soc. Chang. 73(8), 981-1012 (2006). https://
doi.org/10.1016/j.techfore.2006.04.004

Deming, D., Kahn, L.B.: Skill Requirements across firms and labor markets: evidence from job
postings for professionals. J. Law Econ. 36(S1), S337-S369 (2018). https://doi.org/10.1086/
694106


https://doi.org/10.1016/j.futures.2020.102543
https://doi.org/10.1016/j.futures.2012.10.003
https://doi.org/10.1016/j.futures.2012.10.003
https://doi.org/10.1007/978-3-642-00382-0_38
https://ams-forschungsnetzwerk.at/downloadpub/2003_st_corporate_foresight_040109.pdf
https://ams-forschungsnetzwerk.at/downloadpub/2003_st_corporate_foresight_040109.pdf
https://doi.org/10.1016/j.techfore.2008.02.004
https://doi.org/10.1016/S0040-1625(98)00021-3
https://doi.org/10.1016/j.eswa.2020.113645
https://doi.org/10.1109/PICMET.1997.653238
https://doi.org/10.1109/PICMET.1997.653238
https://doi.org/10.1007/s11192-009-0033-y
https://doi.org/10.2307/41703503
https://doi.org/10.1920/BN.IFS.2020.BN0289
https://doi.org/10.1080/09537321003647396
https://doi.org/10.1016/j.techfore.2006.04.004
https://doi.org/10.1016/j.techfore.2006.04.004
https://doi.org/10.1086/694106
https://doi.org/10.1086/694106

Data-Driven Foresight in Life Cycle Management: An Interview Study 147

Dransfeld, H., Pemberton, J., Jacobs, G.: Quantifying weighted expert opinion. Technol. Forecast.
Soc. Chang. 63(1), 81-90 (2000). https://doi.org/10.1016/S0040-1625(99)00059-1

Drew, S.A.: Building technology foresight: using scenarios to embrace innovation. Eur. J. Innov.
Manag. 9(3), 241-257 (2006). https://doi.org/10.1108/14601060610678121

Ebener, S., Ebener, M.: Der Einsatz von Text Mining zur Bestimmung des Diffusionsprozesses von
Produkten. In: Gansser, O., Krol, B. (eds.) Moderne Methoden der Marktforschung, pp. 247-271.
Springer Fachmedien Wiesbaden (2017). https://doi.org/10.1007/978-3-658-09745-5_14

Ehls, D., Polier, S., Herstatt, C.: Reviewing the field of external knowledge search for innovation:
theoretical underpinnings and future (re-)search directions. J. Prod. Innov. Manag. 37(5), 405—
430 (2020). https://doi.org/10.1111/jpim.12549

El Akrouchi, M., Benbrahim, H., Kassou, I.: End-to-end LDA-based automatic weak signal detec-
tion in web news. Knowl.-Based Syst. 212, 106650 (2021). https://doi.org/10.1016/j.knosys.
2020.106650

Ferragina, P., Scaiella, U.: Fast and accurate annotation of short texts with wikipedia pages. IEEE
Softw. 29(1), 70-75 (2012). https://doi.org/10.1109/MS.2011.122

Freundlieb, M., Teuteberg, F.: Corporate social responsibility reporting—a transnational analysis
of online corporate social responsibility reports by market-listed companies: contents and their
evolution. Int. J. Innov. Sustain. Dev. 7(1), Article 52117, 1 (2013). https://doi.org/10.1504/
1JISD.2013.052117

Fritsch, M., Titze, M., Piontek, M.: Identifying cooperation for innovation-a comparison of data
sources. Ind. Innov. 27(6), 630-659 (2020). https://doi.org/10.1080/13662716.2019.1650253

Grubmiiller, V., Gotsch, K., Krieger, B.: Social media analytics for future oriented policy making.
Eur. J. Futur. Res. 1(1) (2013). https://doi.org/10.1007/s40309-013-0020-7

Hamel, G., Prahalad, C.K.: Competing for the Future. Harv. Bus. Rev. 72, 122—128 (1994). https://
hbr.org/1994/07/competing-for-the-future

Hanisch, B., Wald, A.: A bibliometric view on the use of contingency theory in project management
research. Proj. Manag. J. 43(3), 4-23 (2012). https://doi.org/10.1002/pm;j.21267

Hirudayaraj, M., Baker, R.: HRD competencies: analysis of employer expectations from online
job postings. Eur. J. Train. Dev. 42(9), 577-596 (2018). https://doi.org/10.1108/EJTD-04-2018-
0036

Holler, M., Barth, L., Fuchs, R.: Trustworthy product lifecycle management using blockchain tech-
nology—experience from the automotive ecosystem. In: Stark, J. (ed.) Decision Engineering.
Product Lifecycle Management: The Case Studies, vol. 4, pp. 13-19. Springer International
Publishing (2019). https://doi.org/10.1007/978-3-030-16134-7_2

John, M.: Data Driven Foresight. Fraunhofer-Institut fiir Naturwissenschaftlich-Technische Tren-
danalysen INT (2022). https://www.int.fraunhofer.de/de/geschaeftsfelder/kati-lab/data-driven-
foresight.html

Jokinen, L., Mikeld, M., Heikkild, K., Apostol, O., Kallioméki, H., Saarni, J.: Creating futures
images for sustainable cruise ships: insights on collaborative foresight for sustainability
enhancement. Futures 135, 102873 (2022). https://doi.org/10.1016/j.futures.2021.102873

Kaplan, S.N., Lerner, J.: Venture capital data—opportunities and challenges. In: Haltiwanger,
J.C., Hurst, E., Miranda, J., Schoar, A. (eds.) Measuring Entrepreneurial Businesses: Current
Knowledge and Challenges (2017)

Keller, J., von der Gracht, H.A.: The influence of information and communication technology (ICT)
on future foresight processes—results from a Delphi survey. Technol. Forecast. Soc. Chang. 85,
81-92 (2014). https://doi.org/10.1016/j.techfore.2013.07.010

Kim, S., Park, H., Lee, J.: Word2vec-based latent semantic analysis (W2V-LSA) for topic modeling:
a study on blockchain technology trend analysis. Expert Syst. Appl. 152, 113401 (2020). https://
doi.org/10.1016/j.eswa.2020.113401

Klien, M., Holzl, W.: Offentliche Ausschreibungen und Konjunktur. Eine Analyse mit unkon-
ventionellen Daten fiir die Osterreichische Bauwirtschaft. WIFO Monatsberichte (monthly
reports) (2019). https://www.wifo.ac.at/jart/prj3/wifo/resources/person_dokument/person_dok
ument.jart?publikationsid=61924&mime_type=application/pdf


https://doi.org/10.1016/S0040-1625(99)00059-1
https://doi.org/10.1108/14601060610678121
https://doi.org/10.1007/978-3-658-09745-5_14
https://doi.org/10.1111/jpim.12549
https://doi.org/10.1016/j.knosys.2020.106650
https://doi.org/10.1016/j.knosys.2020.106650
https://doi.org/10.1109/MS.2011.122
https://doi.org/10.1504/IJISD.2013.052117
https://doi.org/10.1504/IJISD.2013.052117
https://doi.org/10.1080/13662716.2019.1650253
https://doi.org/10.1007/s40309-013-0020-7
https://hbr.org/1994/07/competing-for-the-future
https://hbr.org/1994/07/competing-for-the-future
https://doi.org/10.1002/pmj.21267
https://doi.org/10.1108/EJTD-04-2018-0036
https://doi.org/10.1108/EJTD-04-2018-0036
https://doi.org/10.1007/978-3-030-16134-7_2
https://www.int.fraunhofer.de/de/geschaeftsfelder/kati-lab/data-driven-foresight.html
https://www.int.fraunhofer.de/de/geschaeftsfelder/kati-lab/data-driven-foresight.html
https://doi.org/10.1016/j.futures.2021.102873
https://doi.org/10.1016/j.techfore.2013.07.010
https://doi.org/10.1016/j.eswa.2020.113401
https://doi.org/10.1016/j.eswa.2020.113401
https://www.wifo.ac.at/jart/prj3/wifo/resources/person_dokument/person_dokument.jart?publikationsid=61924&mime_type=application/pdf
https://www.wifo.ac.at/jart/prj3/wifo/resources/person_dokument/person_dokument.jart?publikationsid=61924&mime_type=application/pdf

148 M. Scheuffele et al.

Kloptchenko, A., Magnusson, C., Back, B., Visa, A., Vanharanta, H.: Mining textual contents of
financial reports. Int. J. Digit. Account. Res. 4(7), 1-29 (2004)

Kolk, A.: A decade of sustainability reporting: developments and significance. Int. J. Environ.
Sustain. Dev. 3(1), Article 4688, 51 (2004). https://doi.org/10.1504/1IJESD.2004.004688

Kortum, S., Lerner, J.: Assessing the contribution of venture capital to innovation. Rand J. Econ.
31(4), 674 (2000). https://doi.org/10.2307/2696354

Ladegaard, P., Konvitz, J.: Regulatory performance: ex post evaluation of regulatory policies. In:
Proceedings from the OECD Expert Meeting on Regulatory Performance, Paris (2003).

Laurell, C., Sandstrom, C.: Social media analytics as an enabler for external search and open
foresight—the case of Tesla’s autopilot and regulatory scrutiny of autonomous driving. IEEE
Trans. Eng. Manag. 69(2), 564-571 (2022). https://doi.org/10.1109/TEM.2021.3072677

Leduc, G.: Road traffic data: collection methods and applications. European Commission Joint
Research Centre Institute for Prospective Technological Studies (2008)

Lee, C., Jeon, D., Ahn, J.M., Kwon, O.: Navigating a product landscape for technology opportunity
analysis: a word2vec approach using an integrated patent-product database. Technovation 96-97,
102140 (2020). https://doi.org/10.1016/j.technovation.2020.102140

Lee, C., Jeon, J., Park, Y.: Monitoring trends of technological changes based on the dynamic patent
lattice: a modified formal concept analysis approach. Technol. Forecast. Soc. Chang. 78(4),
690-702 (2011). https://doi.org/10.1016/j.techfore.2010.11.010

Lee, C.-H., Liu, C.-L., Trappey, A.J., Mo, J.P., Desouza, K.C.: Understanding digital transforma-
tion in advanced manufacturing and engineering: a bibliometric analysis, topic modeling and
research trend discovery. Adv. Eng. Inform. 50, 101428 (2021). https://doi.org/10.1016/j.aei.
2021.101428

Li, J., Tao, F.,, Cheng, Y., Zhao, L.: Big Data in product lifecycle management. Int. J. Adv. Manuf.
Technol. 81(1-4), 667-684 (2015). https://doi.org/10.1007/s00170-015-7151-x

Liew, W.T., Adhitya, A., Srinivasan, R.: Sustainability trends in the process industries: a text mining-
based analysis. Comput. Ind. 65(3), 393-400 (2014). https://doi.org/10.1016/j.compind.2014.
01.004

Maarala, A.L., Rautiainen, M., Salmi, M., Pirttikangas, S., Riekki, J.: Low Latency Analytics for
Streaming Traffic Data with Apache Spark, pp. 2855-2858. IEEE (2015). https://doi.org/10.
1109/BigData.2015.7364101

MacDonald, A., de Civita, P., Downs, A.: Regulatory foresight and change drivers. Government of
Canada (2011). https://publications.gc.ca/collections/collection_2011/policyresearch/PH4-78-
2011-eng.pdf

Mackieson, P., Shlonsky, A., Connolly, M.: Increasing rigor and reducing bias in qualitative research:
a document analysis of parliamentary debates using applied thematic analysis. Qual. Soc. Work.
18(6), 965-980 (2019). https://doi.org/10.1177/1473325018786996

Maitre, J., Menard, M., Chiron, G., Bouju, A., Sidere, N.: A Meaningful Information Extraction
System for Interactive Analysis of Documents, pp. 92-99. IEEE (2019). https://doi.org/10.1109/
ICDAR.2019.00024

Martin, B.R.: Foresight in science and technology. Technol. Anal. & Strat. Manag. 7(2), 139-168
(1995). https://doi.org/10.1080/09537329508524202

Martino, J.P.: A review of selected recent advances in technological forecasting. Technol. Forecast.
Soc. Chang. 70(8), 719-733 (2003). https://doi.org/10.1016/S0040-1625(02)00375-X

Mietzner, D., Reger, G.: Advantages and disadvantages of scenario approaches for strategic fore-
sight. Int. J. Technol. Intell. Plan. 1(2), Article 6516, 220 (2005). https://doi.org/10.1504/1J TIP.
2005.006516

Mikolov, T., Chen, K., Corrado, G., Dean, J.: Efficient estimation of word representations in vector
space. Cornell University (2013). https://doi.org/10.48550/arXiv.1301.3781

Mikova, N., Sokolova, A.: Comparing data sources for identifying technology trends. Technol.
Anal. & Strat. Manag. 31(11), 1353-1367 (2019). https://doi.org/10.1080/09537325.2019.161
4157


https://doi.org/10.1504/IJESD.2004.004688
https://doi.org/10.2307/2696354
https://doi.org/10.1109/TEM.2021.3072677
https://doi.org/10.1016/j.technovation.2020.102140
https://doi.org/10.1016/j.techfore.2010.11.010
https://doi.org/10.1016/j.aei.2021.101428
https://doi.org/10.1016/j.aei.2021.101428
https://doi.org/10.1007/s00170-015-7151-x
https://doi.org/10.1016/j.compind.2014.01.004
https://doi.org/10.1016/j.compind.2014.01.004
https://doi.org/10.1109/BigData.2015.7364101
https://doi.org/10.1109/BigData.2015.7364101
https://publications.gc.ca/collections/collection_2011/policyresearch/PH4-78-2011-eng.pdf
https://publications.gc.ca/collections/collection_2011/policyresearch/PH4-78-2011-eng.pdf
https://doi.org/10.1177/1473325018786996
https://doi.org/10.1109/ICDAR.2019.00024
https://doi.org/10.1109/ICDAR.2019.00024
https://doi.org/10.1080/09537329508524202
https://doi.org/10.1016/S0040-1625(02)00375-X
https://doi.org/10.1504/IJTIP.2005.006516
https://doi.org/10.1504/IJTIP.2005.006516
https://doi.org/10.48550/arXiv.1301.3781
https://doi.org/10.1080/09537325.2019.1614157
https://doi.org/10.1080/09537325.2019.1614157

Data-Driven Foresight in Life Cycle Management: An Interview Study 149

Miihlroth, C., Grottke, M.: A systematic literature review of mining weak signals and trends for
corporate foresight. J. Bus. Econ. 88(5), 643-687 (2018). https://doi.org/10.1007/s11573-018-
0898-4

Osswald, M., Ertel, D., Brecht, L., Mahnke, T.: Analysis of intersections between technology
and innovation management and product management in B2B. In: Proceedings of the XXVI
ISPIM Conference—Shaping the Frontiers of Innovation, Budapest (2015). file:///C:/Users/
marie.scheuffele/Downloads/Analysis_of_intersections_betw.pdf

Persson, O.: The intellectual base and research fronts of JASIS 1986-1990. J. Am. Soc. Inf.
Sci. 45(1), 31-38 (1994). https://doi.org/10.1002/(SICI)1097-4571(199401)45:1%3c31::AID-
ASI4%3e3.0.CO;2-G

Peter, M.K.:. The evolving approach to strategic corporate foresight at swiss bank post finance in
the age of digital transformation. In: Schreiber, D.A. Berge, Z.L. (eds.) Futures Thinking and
Organizational Policy, pp. 113—132. Springer International Publishing (2019). https://doi.org/
10.1007/978-3-319-94923-9_6

Phaal, R., Farrukh, C.J., Probert, D.R.: Technology roadmapping—a planning framework for evolu-
tion and revolution. Technol. Forecast. Soc. Chang. 71(1-2), 5-26 (2004). https://doi.org/10.
1016/S0040-1625(03)00072-6

Piirainen, K.A., Kortelainen, S.: Translating scenarios for management: Use of system dynamics
modelling to quantify scenarios. In: ISPIM Conference, Bilbao (2010)

Popay, J., Rogers, A., Williams, G.: Rationale and standards for the systematic review of qualitative
literature in health services research. Qual. Health Res. 8(3), 341-351 (1998). https://doi.org/
10.1177/104973239800800305

Porter, A.L.: Technology foresight: types and methods. Int. J. Foresight Innov. Policy 6(1/2/3),
Article 32664, 36 (2010). https://doi.org/10.1504/1JFIP.2010.032664

Porter, A.L., Cunningham, S.W. (eds.): Tech Mining: Exploiting New Technologies for Competitive
Advantage. Wiley Series in Systems Engineering and Management. Wiley (2005). http:/www.
e-streams.com/es0808/es0808_4225.html

Qiu, X.Y., Srinivasan, P., Street, N.: Exploring the forecasting potential of company annual reports.
Proc. Am. Soc. Inf. Sci. Technol. 43(1), 1-15 (2006). https://doi.org/10.1002/meet. 14504301168

Reger, G.: Technology foresight in companies: from an indicator to a network and process perspec-
tive. Technol. Anal. & Strat. Manag. 13(4), 533-553 (2001). https://doi.org/10.1080/095373201
27286

Remané, G., Hildebrandt, B., Hanelt, A., Kolbe, L.: Discovering New Digital Business Model
Types—A Study of Technology Startups from the Mobility Sector. PACIS (2016)

Rohrbeck, R., Battistella, C., Huizingh, E.: Corporate foresight: an emerging field with a rich
tradition. Technol. Forecast. Soc. Chang. 101, 1-9 (2015). https://doi.org/10.1016/j.techfore.
2015.11.002

Rohrbeck, R., Gemiinden, H.G.: Corporate foresight: Its three roles in enhancing the innovation
capacity of a firm. Technol. Forecast. Soc. Chang. 78(2), 231-243 (2011). https://doi.org/10.
1016/j.techfore.2010.06.019

Roper, A.T., Cunningham, S.W., Porter Alan L., Mason, T.W., Rossini, F.A., Banks, J.: Forecasting
and Management of Technology, 2nd edn. Wiley, John Wiley [distributor], Chichester (2011)

Rossel, P.: Early detection, warnings, weak signals and seeds of change: a turbulent domain of
futures studies. Futures 44(3), 229-239 (2012). https://doi.org/10.1016/j.futures.2011.10.005

Saritas, O., Aylen, J.: Using scenarios for roadmapping: the case of clean production. Technol.
Forecast. Soc. Chang. 77(7), 1061-1075 (2010). https://doi.org/10.1016/j.techfore.2010.03.003

Saritas, O., Meissner, D., Sokolov, A.: A transition management roadmap for fuel cell electric
vehicles (FCEVs). J. Knowl. Econ. 10(3), 1183-1203 (2019). https://doi.org/10.1007/s13132-
018-0523-3

Schallmo, D., Williams, C.A., Boardman, L.: Digital transformation of business models—best
practice, enablers, and roadmap. Int. J. Innov. Manag. 21(08), 1740014 (2017). https://doi.org/
10.1142/S136391961740014X


https://doi.org/10.1007/s11573-018-0898-4
https://doi.org/10.1007/s11573-018-0898-4
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1%3c31::AID-ASI4%3e3.0.CO;2-G
https://doi.org/10.1002/(SICI)1097-4571(199401)45:1%3c31::AID-ASI4%3e3.0.CO;2-G
https://doi.org/10.1007/978-3-319-94923-9_6
https://doi.org/10.1007/978-3-319-94923-9_6
https://doi.org/10.1016/S0040-1625(03)00072-6
https://doi.org/10.1016/S0040-1625(03)00072-6
https://doi.org/10.1177/104973239800800305
https://doi.org/10.1177/104973239800800305
https://doi.org/10.1504/IJFIP.2010.032664
http://www.e-streams.com/es0808/es0808_4225.html
http://www.e-streams.com/es0808/es0808_4225.html
https://doi.org/10.1002/meet.14504301168
https://doi.org/10.1080/09537320127286
https://doi.org/10.1080/09537320127286
https://doi.org/10.1016/j.techfore.2015.11.002
https://doi.org/10.1016/j.techfore.2015.11.002
https://doi.org/10.1016/j.techfore.2010.06.019
https://doi.org/10.1016/j.techfore.2010.06.019
https://doi.org/10.1016/j.futures.2011.10.005
https://doi.org/10.1016/j.techfore.2010.03.003
https://doi.org/10.1007/s13132-018-0523-3
https://doi.org/10.1007/s13132-018-0523-3
https://doi.org/10.1142/S136391961740014X
https://doi.org/10.1142/S136391961740014X

150 M. Scheuffele et al.

Segev, A., Jung, S., Choi, S.: Analysis of technology trends based on diverse data sources. IEEE
Trans. Serv. Comput. 8(6), 903-915 (2015). https://doi.org/10.1109/TSC.2014.2338855

Starr, M.A.: Qualitative and mixed-methods research in economics: surprising growth, promising
future. J. Econ. Surv. 28(2), 238-264 (2014). https://doi.org/10.1111/joes.12004

Stelzer, B., Meyer-Brotz, F., Schiebel, E., Brecht, L.: Combining the scenario technique with biblio-
metrics for technology foresight: the case of personalized medicine. Technol. Forecast. Soc.
Chang. 98, 137-156 (2015). https://doi.org/10.1016/j.techfore.2015.06.008

Sterman, J.: Business Dynamics: Systems Thinking and Modeling for a Complex World. Irwin/
McGraw-Hill (2000)

Székely, N., vom Brocke, J.: What can we learn from corporate sustainability reporting? Deriving
propositions for research and practice from over 9,500 corporate sustainability reports published
between 1999 and 2015 using topic modelling technique. PLoS ONE 12(4), 0174807 (2017).
https://doi.org/10.1371/journal.pone.0174807

Tranfield, D., Denyer, D., Smart, P.: Towards a methodology for developing evidence-informed
management knowledge by means of systematic review. Br. J. Manag. 14(3), 207-222 (2003).
https://doi.org/10.1111/1467-8551.00375

van Lint, J., Hoogendoorn, S.P.: A robust and efficient method for fusing heterogeneous data from
traffic sensors on freeways. Comput.-Aided Civ. Infrastruct. Eng. 25(8), 596-612 (2010). https://
doi.org/10.1111/j.1467-8667.2009.00617.x

Vilares, D., He, Y.: Detecting perspectives in political debates (Palmer, M., Hwa, R., Riedel, S.
(eds.)), pp. 1573-1582. Association for Computational Linguistics (2017). https://doi.org/10.
18653/v1/D17-1165

Wustmans, M., Haubold, T., Bruens, B.: Bridging trends and patents: combining different data
sources for the evaluation of innovation fields in blockchain technology. IEEE Trans. Eng.
Manage. 69(3), 825-837 (2022). https://doi.org/10.1109/TEM.2020.3043478

Zhang, Y., Zhang, H., Zhang, M., Liu, Y., Ma, S.: Do users rate or review? Boost phrase-level
sentiment labeling with review-level sentiment classification. In: Geva, S., Trotman, A., Bruza,
P, Clarke, C.L., Jarvelin, K. (eds.) Proceedings of the 37th International ACM SIGIR Conference
on Research & Development in Information Retrieval, pp. 1027-1030. ACM (2014). https://
doi.org/10.1145/2600428.2609501

Zhang, Y., Zhang, M., Liu, Y., Ma, S.: Boost Phrase-Level Polarity Labelling with Review-Level
Sentiment Classification. Association for Computational Linguistics (2015). https://doi.org/10.
48550/arXiv.1502.03322

Zhou, H., Sandner, P.G., Martinelli, S.L., Block, J.H.: Patents, trademarks, and their complemen-
tarity in venture capital funding. Technovation 47, 14-22 (2016). https://doi.org/10.1016/j.tec
hnovation.2015.11.005

Marie Scheuffele is a Ph.D. Student at the University of
Liechtenstein and Research Associate at the Professorship
for Technology and Innovation at Liechtenstein Business
School. After receiving her master’s degree in Entrepreneur-
ship and Management, she decided to follow her enthusiasm
for technology and innovation management by researching
recent developments in corporate and technology foresight.
Next to developing a new foresight process for product life-
cycle management she also works on tapping and analysing
new data sources for state-of-the-art trend studies in practical
application contexts as well as on combining human- and
data-driven foresight methods to improve decision-making
processes along the technology lifecycle.



https://doi.org/10.1109/TSC.2014.2338855
https://doi.org/10.1111/joes.12004
https://doi.org/10.1016/j.techfore.2015.06.008
https://doi.org/10.1371/journal.pone.0174807
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.1111/j.1467-8667.2009.00617.x
https://doi.org/10.1111/j.1467-8667.2009.00617.x
https://doi.org/10.18653/v1/D17-1165
https://doi.org/10.18653/v1/D17-1165
https://doi.org/10.1109/TEM.2020.3043478
https://doi.org/10.1145/2600428.2609501
https://doi.org/10.1145/2600428.2609501
https://doi.org/10.48550/arXiv.1502.03322
https://doi.org/10.48550/arXiv.1502.03322
https://doi.org/10.1016/j.technovation.2015.11.005
https://doi.org/10.1016/j.technovation.2015.11.005

Data-Driven Foresight in Life Cycle Management: An Interview Study 151

Dr. Niklas Bayrle-Kelso is a Postdoc of Entrepreneur-
ship and Technology at the University of Liechtenstein. In
his research, he focuses on the topics of innovation effi-
ciency and technology foresight. Niklas holds a master’s
degree in physics and management from the University of
Ulm. During his doctoral studies, Niklas worked at the
Institute of Business Analytics at Ulm University. He is a
lecturer for technology and innovation management, digital
entrepreneurship, technology foresight, and general manage-
ment. Besides his academic career, he gained practical expe-
rience working for Daimler Buses as a product and innova-
tion manager. Currently, he holds a position as an innovation
investment specialist at an asset management firm.

Prof. Dr. Leo Brecht is a full Professor of Entrepreneurship
and Technology at the University of Liechtenstein. His main
competencies include innovation, technology and product
management as well as the relationship to corporate success.
Business analytics is one of his most favorable topics. He
ran dozens of strategy projects, due diligencies and valua-
tion of technology firms. He combines theory with practical
implementation. At the university, he is responsible for a
MBA program in Technology and Innovation Management,
is the delegate for transfer and runs several research projects
mainly with corporates. Leo is an active investor in the fields
of FINTECH, SUSTTECH and EDUTECH and works as a
serial entrepreneur.




Digital Disruption—How Medical )
Doctors Employ Influencer Marketing T
Strategies

Andrea Kanzler

Abstract Digitalization is a major growth driver for the global healthcare market,
including increased use of digital communication tools and particularly a new and
innovative use of social media by medical doctors. Therefore, this study asks: How
can doctors innovate their business model to become successful on social media
platforms and what are the perceptions of their followers on key antecedents and
outcomes? Based on a survey conducted on medical social media accounts with 703
respondents, this study investigates the impact of ‘Trustworthiness’, ‘Referential
Skills’, ‘Opinion Leadership’, ‘Hedonism’, ‘Utilitarianism’ and ‘Para-social Rela-
tionship’ on two outcome variables, i.e. the “Willingness to Offer Positive Word-of-
Mouth on Social Media’ and the ‘Intention to Follow the Advice’. Several theoretical
and practical implications are provided.

Keywords Business model innovation - Digital marketing - Social media -
Opinion leadership - Para-social relationship - Medical industry -+ Word of mouth -
Influencer - Hedonism - Utilitarianism

1 Introduction

Digitalization is disrupting the healthcare market. The global digital health market
is expected to grow with a CAGR of 25% until 2025, by far outperforming overall
health market developments (Statista 2019; Businesswire 2019). Digital tools such as
smartphones, tablets and particularly social media platforms have become critical for
healthcare professionals, since they provide the opportunity for peer-to-peer support
and efficient communication between patients and busy doctors. Today, social media
platforms like Instagram are a “viable medium for sharing and discussing clinical
cases and medical/health knowledge” (Kamel Boulos et al. 2016). Furthermore,
doctors use Instagram and other social media platforms for its convenient way of
communicating medical data, professional networking, promotion of research and
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treatment options, promoting their practice, as well as a learning tool (Rashid and
Devaraj 2020). When doctors become more active online and particularly on social
media, they are just going where their patients are already searching for healthcare
information (Nguyen et al. 2020). For instance, a major medical question during the
Covid19 pandemic was whether it was safe for pregnant women to get vaccinated.
A family physician potentially could educate his/her online audience and including
actual patients through Instagram with one “Live”! on this topic, in contrast to having
to answer the same question multiple times with each patient in one-on-one consulta-
tions. According to Househ (2013) about 60% of physicians favour interactions with
patients through social media, since they see strong support for patient education,
increased compliance, and better treatment outcomes.

At the same time because of globalization medical tourism is increasing, i.e.
going abroad or traveling to a different city or state to get treatments, particularly
for cosmetic and dental surgery; cardio, orthopaedic and bariatric surgery or organ
and tissue transplantation (Lunt and Carrera 2010; Whittaker 2008). Here as well
social media has become an important tool for doctors to build trust since the patients
can see the results of the recent treatments the doctor actually did and get in contact
with recent patients. Therefore, doctors need to think about new business model
innovation to address these changes. Besides being medical professionals, they need
to develop skills in creating content for social media, addressing the changing needs
of their clients and exploiting new opportunities the digitalization offers in terms
of knowledge sharing and promotion/marketing, some of them even become social
media influencers (Willis and Delbaere 2022). These changes are considered radical,
comparable to the impact that sales teams in new product development have on firm’s
capability to understand customer needs (Malshe and Biemans 2014), doctors now
can survey their potential clients on Instagram to understand their needs.

While many scholars focus on the risks of doctors discussing health care topics on
social media, e.g. violating laws or violating doctor-patient confidentiality (George
et al. 2013; Rashid and Devaraj 2020), it is not illegal for doctors to use these social
media channels. In fact, even in Germany, a country known for its strict regulations,
the journal Deutsches Arzteblatt published by Bundesirztekammer (German Medical
Association) and the National Association of Statutory Health Insurance Physicians,
recommends healthcare professionals to familiarize themselves with social media
tools (Hartz et al. 2014). Doctors are explicitly allowed to post job related and
factual information, furthermore tips for healthy lifestyles are not considered as
advertisements (Mediorbis 2021). Particularly, Hartz et al. (2014) name benefits of
social media use by doctors, such as creating awareness, building reputation, closer
connection to patients, educating their audience on therapy and treatment options.

The concept of influencers is not new. For the past several decades celebrities,
famous scientists and other personalities e.g. politicians or religious leaders, have
been used as sources of influence in society and communications (Vrontis et al. 2021;
Knoll and Matthes 2017). With the growth of the internet today social media users

1 A “Live” on Instagram is a live video broadcasting where the viewers can ask direct questions to
the person who is broadcasting. Every Instagram user has the option to “go Live”.
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changed the business model for opinion leaders, who now create content online, can
themselves generate a large number of followers and become a source of advice
and influence for their audience (Vrontis et al. 2021; Lamberton and Stephen 2016).
Thus, they have been termed social media influencers. These individuals excel in
creating engaging content for their followers and their online word of mouth is very
powerful (Torres et al. 2019).

Social media influencers (SMIs) can also be considered opinion leaders who influ-
ence others’ behaviours based on their specialized knowledge or authority on a certain
topic (Torres et al. 2019; Casal6 et al. 2018, 2020; Lin et al. 2018). According to the
Digital Marketing Institute about 50% of internet users follow SMIs and believe in
their recommendations, and approximately 40% bought a product they saw on Insta-
gram or YouTube (Audrezet and Charry 2019; Digital Marketing Institute 2019;
Young 2017). Rahal (2020) found that 86% of marketers and managers incorpo-
rated influencer marketing into their strategy and this trend is expected to continue.
Medical doctors, like Dr. Mauricio Gonzalez with 879 k followers in NYC (IG:
@dr.mauriciogonzalez) or Dr. Cat Begovic with 1.2 million follower (IG: @beauty-
bycat) are seizing this opportunity and adapted to this new and innovative strategy.
The marketing innovation, i.e. promoting, distributing or designing a technologically
unchanged product (Grimpe et al. 2017), (here for example a medical treatment) in
a new way can increase the number of clients and doctor’s prices. Furthermore, the
data extracted from social networks, e.g. followers’ gender and age distribution or
questions in direct messages, can further support doctors in innovating their current
business model (Sorescu 2017).

While there is literature on influencer marketing—mainly from the perspective
of beauty and lifestyle industries (Cuevas et al. 2020; Farivar et al. 2021; Casal6
et al. 2018, 2020; Djafarova and Rushworth 2017), there is still a lack of studies
on digital transformation and influencer marketing in the healthcare industry so far
has not been investigated (Campbell and Farrell 2020; Lanzolla et al. 2020; Zollo
et al. 2020; Vrontis et al. 2021). In light of the increasing importance of SMIs in the
decision making of consumers, and the fact that four out of five internet users seek
health information online additional studies are needed (Groselj 2014; Jami Pour and
Jafari 2019). Therefore, this study asks:

How can doctors become successful on social media platforms and what are the
perceptions of their followers on key antecedents and outcome variables?

In order to investigate this research question a quantitative survey was sent to
followers of 6 doctors’ Instagram accounts to further understand followers’ percep-
tions on key antecedents and outcomes of doctors on social media (Instagram).
In the following paragraphs the theoretical background and hypotheses are devel-
oped. Then the methodology and results are presented. The paper finishes with a
discussion of theoretical implications, opportunities for future research and practical
recommendations for doctors on social media.
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2 Theoretical Background and Hypotheses

Academic literature on SMIs usually focuses on follower intentions and attitudes
(Vrontis et al. 2021). Particularly, purchase intentions, intention to follow the influ-
encers recommendation or advice, brand attitude, word of mouth (WOM) or other
forms of engagement (more followers, likes, shares, comments) are studied. This
makes perfect sense since the idea behind influencer marketing as introduced above
is to generate exactly those outcomes. Hence, these constructs can be consid-
ered success factors for SMI marketing. For the medical environment, particularly
the outcome variables focusing on WOM and intentions to follow the influencers
(doctors) advice are interesting. Doctors on social media often give advice on treat-
ment options or health-conscious behaviours. Their purpose on platforms like Insta-
gram is to educate or build trust and reputation with their audience, while expanding
their followership and potential patient leads. They are not necessarily promoting
products for sale or brands to increase brand attitudes (although this happens, too).
However, they are engaging with their audience to get them to schedule a consulta-
tion or to get them to consider certain treatment options they are offering. Therefore,
for this study the outcome variables ‘Willingness to Offer Positive Word-of-Mouth
on Social Media (hereafter sWOM)’ and ‘Intention to Follow the Advice’ posted by
doctors are more suitable.

Among the key antecedents for SMI according to Vrontis et al. (2021) among
others are ‘Trustworthiness’, ‘Opinion Leadership’, communication skills (here
‘Referential Skills’), ‘Para-social Relationship’ and hedonic/utilitarian value
content. Accordingly, the effects of these antecedents on the selected outcomes are
investigated.

Trustworthiness

According to several studies on influencer marketing ‘Trustworthiness’ is an impor-
tant factor in the follower influencer relationship (Ki and Kim 2019; Chapple and
Cownie 2017; Martinez-Lopez et al. 2020; Leung et al. 2022; Casal6 et al. 2020).
‘Trustworthiness’ refers to perceptions of honesty, integrity, and believability of an
influencer (Schouten et al. 2020). Hovland et al. (1953) define ‘Trustworthiness’ as
“the degree of confidence in the communicator’s intent to communicate the asser-
tions he considers most valid” (Ohanian 1990). Further, several studies claim that
individuals today trust more in the content and opinions of influencers than they do
trust in communication of corporate brands (Ki and Kim 2019; Chapple and Cownie
2017; Martinez-Lopez et al. 2020; Reinikainen et al. 2020; Leung et al. 2022). When
there is a feeling of ‘Trustworthiness’ in relationships, individuals show a higher
willingness to engage in social exchange and cooperative interaction (Nahapiet and
Ghoshal 1998; Leung et al. 2022).

In an interview study of followers of lifestyle vloggers,> Chapple and Cownie
(2017) could show that ‘Trustworthiness’ towards a vlogger is highly important and

2 Vloggers defined by Cambridge Dictionary: someone who makes vlogs (= short films that record
your thoughts, ideas, or opinions on a subject) and posts them on the internet.
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can be a driver for positive word of mouth. They could show that if a follower has
had a positive pre-existing relationship with a vlogger ‘Trustworthiness’ can lead to
followers sharing an endorsement of a vlogger with their friends. Further, they found
that “nearly all participants stated that they then bought into the product or service”
or had the intent to follow the vloggers advice and purchase the product (Chapple
and Cownie 2017). Leung et al. (2022) could demonstrate in their interview study
that trust in the influencer can be leveraged to get followers/customers to try out
products (e.g. following the advice of the influencer). Furthermore, companies can
leverage the ‘change in the following’? of influencers to reach new customers, since
for many influencers the followers are coming and going based e.g. on age or current
trends and this helps companies to constantly reach new leads and it creates positive
word of mouth online. Sah et al. (2018) could show that followers have greater trust
in an influencer, when the influencer discloses conflicts of interest (e.g. giving an
honest opinion on something versus the self-interest of getting paid for content) and
that the trust in their credibility in turn has a positive effect on persuasion outcomes
such as sharing the influencers post or taking the advice of the influencer. Based on
previous studies it can be postulated that influencer ‘Trustworthiness’ can have two
effects, i.e. it can have positive effects on sWOM by the followers and it can have
positive effects on the ‘Intention to Follow the Advice’.

This is expected to be the case for doctors on social media as well (Hausman
2004; Longoni et al. 2019; Schwartz et al. 2011). A study by Lépez et al. (2012) on
patients recommending their doctors showed that ‘Trustworthiness’ is a key element
why patients speak positive about doctors online. Trust of the patient is also key
for “following recommendations, relying on the judgment of physicians, seeking
professional medical help, and granting increased control and decision making to the
physician” as a study by Trachtenberg et al. (2005) could show. Thus, the following
hypotheses can be developed:

Hypothesis 1: trustworthiness has a positive impact on (a) sSWOM and (b) the intention
to follow the advice.

Referential skills

Another important skill for influencers is the ability to communicate information
clearly and unambiguously, which Burleson and Samter (1990) define as ‘Referential
Skills’. While literature agrees that influencers have to be able to communicate their
content on social media, so far only a few studies exist that actually investigate
if ‘Referential Skills’ have a positive influence on desired outcomes of influencer
marketing.

Lu et al. (2013) find that the comprehensiveness of the content can be a driver
for ‘Opinion Leadership’ which has positive outcomes in influencer settings, e.g.
recommendation intentions and following the advice of the influencer. Huffaker
(2010) could show that online leaders influence others through “high communication
activity, [...] and the use of affective, assertive, and linguistic diversity in their online

3 This means that some followers will stop to watch the content or unfollow the account and other
new followers will start to follow or watch the content of the influencers.
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messages.” Finally, Pancer et al. (2019) were investigating post readability. They
found that in general simple posts are always creating more engagement (likes,
comments, shares), long posts when written simple are even better than short simple
posts and the worst are long and complex posts, since in their data those generated
the least number of likes, shares and comments.

The findings of these studies indicate that the way in which an influencer presents
the content is important for their effectiveness. This is particularly true for medical
settings as well. Research has shown a positive influence of the quality of doctor-
patient communication on patient satisfaction, treatment adherence (following
the advice) and outcomes (Farrington 2011; Harrington et al. 2004; Maguire and
Pitceathly 2002; Roter and Hall 2006). For instance, Kim et al. (2017) could show
that doctors’ empathic communication skills significantly and substantially influ-
enced patient satisfaction and patient compliance. Ouschan et al. (2006) could show
that an empowering communication style improves the patient-doctor relationship.
Further, Lopez et al. (2012) show that clear explanations and answering questions
lead to more positive word of mouth for doctors. Barrier et al. (2003) recommend
that doctors should keep working on improving their communication skills with the
same enthusiasm as they do for their professional medical skills, since communi-
cation skills are key for patient satisfaction and compliance. However, these studies
have not been conducted in a social media environment where doctors present their
content in posts, stories, or lives on Instagram. Still, the findings should hold true
for these situations as well, hence the following hypotheses can be developed:

Hypothesis 2: referential skills have a positive impact on (a) sWOM and (b) the
intention to follow the advice.

Opinion leadership

The next key asset of influencers is being perceived as opinion leaders (Casalé et al.
2020). Opinion leaders usually have public recognition, are considered experts for
a certain product or service, they make substantial and frequent contributions in
online communities, they are a role model and thus can be persuasive for others
in their purchasing decisions or attitudes towards brands (McCracken 1989; Leal
et al. 2014; Godey et al. 2016; Casal¢ et al. 2020). Casal¢ et al. (2020) even use the
terms influencer and opinion leader interchangeably. Based on the characteristics
of opinion leadership, it is likely that social media users will share content posted
by an opinion leader with their friends and family because they often have similar
needs and interests (Casal6 et al. 2020; Djafarova and Rushworth 2017). In fact, in
their study with followers of fashion influencers on Instagram Casalé et al. (2020)
find positive influences of perceived ‘Opinion Leadership’ on intentions to interact
with the account in the future, the intention to recommend this account and the
‘Intention to Follow the Advice’ posted by the account. Furthermore, Farivar et al.
(2021) hypothesize that the higher a social media influencer’s perceived ‘Opinion
Leadership’, the higher followers’ intention to purchase based on the recommen-
dation of the influencer. In their online survey with followers from two fashion
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influencers* on Instagram they can show the postulated positive influence (Farivar
et al. 2021). Hence, it seems to be likely that ‘Opinion Leadership’ has positive
effects on followers’ sSWOM as well as on the ‘Intention to Follow the Advice’.

The concept of ‘Opinion Leadership’ is also recognized in the medical field
(Locock et al. 2001). Burt (1997) argues that opinion leaders are more often opinion
brokers that help in the diffusion of information between groups, and he provides an
illustrative example from the medical field, i.e. the adaption of a new drug by doctors
through discussing cases with each other and influencing each other in adapting new
drugs. Hence, it can be argued that doctors on social media can have the same effect.
Due to their expertise in a certain field, they can be considered opinion leaders which
then influences their audience for instance to adapt healthier lifestyles by following
the advice of physicians. Furthermore, it is likely that if followers receive interesting
or new information by doctors, they are likely to further share this information with
their peers as well. Thus, the following hypotheses can be developed:

Hypothesis 3: opinion leadership has a positive impact on (a) sSWOM and (b) the
intention to follow the advice.

Hedonism/Utilitarianism

As discussed above, the form in which the content is presented is highly important for
the effectiveness of any influencer. An often-investigated dimension on how prod-
ucts or services are perceived is the hedonism-utilitarianism dimension. Here utili-
tarian products or services offer benefits in practical functionality (e.g. convenience,
saving time or money, or accumulating knowledge, tangible aspects such as product
quality) (Locock et al. 2001). Hedonic goods are more about experiential enjoyment
or implied social status (e.g. fun and excitement, staying in a luxury hotel). However,
hedonism and utilitarianism are not two ends of a linear scale, because products can
be low and high in both hedonic and utilitarian aspects (Hirschman and Holbrook
1982; Paul et al. 2009; Chiou and Ting 2011; Lin et al. 2018). For example using
an iPhone can be a lot of fun and highly useful from a functional perspective at the
same time. The same can be true for content posted on Instagram. Posts can have
hedonic and utilitarian (high and low) character at the same time.

A first study that investigated the influences of high hedonic value content on
social media engagement was presented by Hughes et al. (2019). They found that
posts high in hedonic value positively impact blog platform engagement, i.e. posting
comments or liking a brand. Further, they found that on Facebook, posts high in
hedonic content are more effective when their intent is to increase trial versus for
example to raise awareness about a brand or product (Hughes et al. 2019). Other
studies suggest that more informative posts (utilitarian) have a positive influence on
brand attitudes and purchase intentions (Ki and Kim 2019; Lou and Yuan 2019).

In advertising often, the categories of storytelling posts (maybe more hedonic)
and informational posts (maybe more utilitarian) are used. However, there is still
inconsistency in the findings, e.g. some studies find informational ads leading to
higher purchase intention (Golden and Johnson 1983; Zebregs et al. 2015), while

4 One with 30 k, the other with 70 k followers, i.e. micro-influencers.



160 A. Kanzler

others find that storytelling has stronger effects on purchasing behaviours (Adaval
and Wyer 1998; Kaufman 2003). Hence, influencers should consider balancing
hedonic and utilitarian aspects to target both goals engagement and sales outcomes
(Leung et al. 2022). Lin et al. (2018) provide a five-step strategy for using online
opinion leaders to promote the hedonic and utilitarian value of products and services,
where in the best case the influencer is both an opinion leader (utilitarian) and
appeal leader (hedonic) that can address both hedonic and utilitarian aspects of a
product or service. For doctors on social media this should be similar. Consumers
of e-health knowledge particularly feel the utilitarian values of getting useful ideas
and not having to go to the doctor’s office to get the information needed (Goetzinger
et al. 2007; Baum 2004). Hence the following hypotheses can be developed:

Hypothesis 4: hedonism/utilitarianism has a positive impact on (a) sSWOM and (b)
the intention to follow the advice.

Para-Social relationship

Finally, para-social relationships have been studied in the influencer context (Farivar
et al. 2021; Reinikainen et al. 2020). A ‘Para-social Relationship’ refers to a one-
sided relationship that a follower feels towards an influencer or a media person.
By watching the content of the influencer daily, the follower starts to consider the
influencer to be their friend, since the follower is virtually participating in the influ-
encer’s life, despite the influencer in many cases not even knowing the individual
follower. Previous research has indicated that if followers are feeling a ‘Para-social
Relationship’ towards influencers, this can impact their behavioural intentions, for
instance they are more likely to follow the advice of the influencer or that they have a
higher purchase intention. Farivar et al. (2021) show a positive effect of ‘Para-social
Relationship’ on followers’ purchase intention in their online survey of Instagram
users, the effect of ‘Para-social Relationship’ was even stronger than ‘Opinion Lead-
ership’. Reinikainen et al. (2020) could show for followers of a YouTube vlogger
that ‘Para-social Relationship’ leads to improved credibility which in turn leads to
higher brand trust and purchase intention. Similar findings are presented by Lee and
Watkins (2016). Furthermore, Hwang and Zhang (2018) investigated the influence of
‘Para-social Relationship’ on electronic word of mouth intensions and found a very
strong and positive influence. Their survey results with Chinese participants showed
a strong influence on purchase intention by para-social relationship.

Based on these findings, one can postulate that followers of doctors on Instagram
will also develop para-social relationships with these doctors, which then result in
similar outcomes regarding sSWOM and ‘Intention to Follow the Advice’ of the doctor.
Thus, the following hypotheses can be developed:

Hypothesis 5: para-social relationship has a positive impact on (a) sSWOM and (b)
the intention to follow the advice.

All hypotheses are summarized in Fig. 1.
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Fig. 1 Summary of the hypotheses
3 Methodology

Survey development and distribution

To test the hypotheses an online survey was conducted. The measures used were
adapted from well-established scales published in top journals.’ The construct ‘Will-
ingness to Offer Positive Word-of-Mouth on Social Media (sWOM)’ was taken from
Eisingerich et al. (2015). ‘Intention to Follow the Advice’ was measured with a
construct by Casal6 et al. (2020), their paper also provided the construct for ‘Opinion
Leadership’.

‘Trustworthiness’ was taken from Martinez-Lépez et al. (2020). The measure
for ‘Referential Skills’ was found in Burleson and Samter (1990). ‘Hedonism/
Utilitarianism’ was evaluated employing a measure from Koschate-Fischer et al.
(2012). Para-social relationships was taken from Reinikainen et al. (2020).

Further two attention control questions were included. A double translation proce-
dure was used to convert the questions from English to Spanish (Torres et al. 2019).
Before, sending the questionnaire to the actual respondents, a pre-test with 16
individuals with an academic background was conducted. After considering their
recommendations the final version of the survey was reached.

Then, the survey was distributed to Instagram followers of 6 doctor-accounts.
Following a recommendation of Farivar et al. (2021) Instagram accounts of doctors
with follower numbers between 4,000 and 200,000 followers (at the time of the
survey) were chosen, since those accounts mostly fall into the micro-influencer cate-
gory, which offers the best combination of follower engagement and broad reach.
Additionally, it was important to survey a range of accounts with varying follower
numbers, to get a broader view on potentially more and less successful accounts. The
areas of expertise of the 6 doctors, their follower counts and responses in the survey
are listed below in Table 1.

Furthermore, additional criteria for selecting the doctors’ Instagram accounts were
used (Eisenhardt 1989): (1) The Instagram account had to have at least 100 posts, (2)
had to be actively posting at least once a week, and (3) on average posts of the account

3 Measures were taken from papers published in top level journals of the VHB Jourqual ranking.



162 A. Kanzler

Table 1 Doctors

C . Doctors name Respondents
participating in the online
survey 1. Mastologist—S5.5 k followers 85
2. Dentists—50.1 k followers 116
3. Obstetrician/gynecologist—35.8 k followers | 179
4. Obstetrician/gynecologist—4 k followers 51
5. Plastic surgeon—42 k followers 94
6. Plastic surgeon—167 k followers 178

should have at least 5 comments, 100 likes and 100 unique views. With these criteria
a certain degree of engagement with the Instagram account could be implied. At the
beginning of each questionnaire the respondents were asked to give the name and
the Instagram handle of the doctor they are following. Then the respondents were
asked to answer the questionnaire regarding this doctor’s Instagram account. The
survey was active for one week and received 1856 clicks, resulting in 703 complete
cases, after eliminating invalid responses (answers missing, respondents that selected
wrong answers to the attention control questions and respondents that gave the same
rating to all items). The final response rate® was 38%, which can be considered as
high once a follower clicked on the survey.’

Partial Least Squares method

For the analysis of the data the Partial Least Squares (PLS) method was used. This
procedure can be used when the theoretical information is still limited, or the research
phenomenon is relatively new (Casal6 et al. 2020; Roldan and Sanchez-Franco 2012).
The PLS procedure starts with controlling for the validity of the constructs using
confirmatory factor analysis. Thresholds for the confirmatory factor analysis are
item loadings of 0.7 on their respective construct (Henseler et al. 2009). Second,
Cronbachs alpha’s above 0.65 (Steenkamp and Geyskens 2006). Third, the average
variance extracted (AVE) values should be above 0.5 as an indicator of convergent
validity (Fornell and Larcker 1981). Fourth, the Fornell and Larcker criterion must be
met, to confirm discriminant validity of all reflective constructs. After confirmatory
factor analysis confirmed the validity of the constructs, the PLS method employs
5000 bootstrap iterations estimating the hypothesized model and providing, path
coefficients, significance levels for each proposed path and R? values (Chin 1998).

6 Complete and accepted responses divided by number of clicks on the survey link.

7 Considering that potentially more than 353 k followers (sum of the follower counts of all doctors)
could have seen the posts by the doctors, this would bring the response rate to 0.1%, which is still
acceptable.
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4 Results

Descriptive results of the sample

In the 703 valid respondents 25% were males and 75% females. Regarding the
control variable age, about 8% were between 15 and 25 years old; 32% are between
26 and 35 years old; 33% between 36 and 45 years old, 11% between 46 and 55; 9%
between 56 and 65 and 7% between 66 and 75 years old. All respondents replied to the
Spanish version of the survey and indicated that they are from Colombia. Regarding
the occupation 47% stated they were employed, 33% stated to be independent or
entrepreneur, followed by about 8% students, 10% pensioned respondents and 2%
unemployed respondents.

Regarding the use of social media platforms 655 respondents use Instagram,
445 use Facebook, followed by 390 using YouTube, 234 are on TikTok, 130 use
Twitter, 136 are on LinkedIn, 91 respondents use Pinterest, 85 use Snapchat, 37 are
on Kwai and 5 on People. Most respondents spend between 2 and 4 h on social media
and between 1 and 3 h on Instagram per day. Finally, most respondents have been
following the doctor they referred to in the survey for 1-4 years.

Confirmatory factor analysis

During confirmatory factor analysis, factor loadings were checked, and item 2
of ‘Utilitarianism’ was eliminated due to a loading below the threshold of 0.7.
Furthermore, to fulfil the Fornell Larcker Criterion item 4 and 5 of ‘Hedonism’ and
item 2 of ‘Para-social Relationship’ were eliminated since those items had the lowest
loadings in their respective constructs. The final model then fulfilled all requirements
and can be used for structural equation modelling. Cronbach’s Alphas, Average
Variance Extracted and the Fornell and Larcker Criterion are presented below in
Tables 2 and 3.

Table 2 Construct reliability and convergent validity—Cronbach’s Alphas and Average Variance
Extracted

Constructs Cronbach’s Alpha Average Variance Extracted (AVE)
sWOM 0.960 0.894
Intention to follow the advice 0.974 0.927
Trustworthiness 0.983 0.968
Referential skills 0.984 0.955
Opinion leadership 0.969 0.868
Hedonism 0.946 0.902
Utilitarianism 0.987 0.961
Para-social relationship 0.974 0.867
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Table 3 Discriminant validity—Fornell and Larcker criterion’

Constructs 1 2 3 4 5 6 7 8

1. Hedonism 0.950

2. Intention to follow the 0.877 |0.963

advice

3. Opinion leadership 0.873 |0.938 |0.932

4. Para-social relationship | 0.878 |0.947 |0.928 |0.931

5. Referential skills 0.828 |0.907 |0.916 |0.891 |0.977

6. Trustworthiness 0.888 |0.951 [0.930 |0.920 |0.918 |0.984

7. Utilitarianism 0.945 1 0.900 |0.895 |0.875 |0.868 |0.896 |0.980

8. sWOM 0.885 10.946 |0.929 |0.928 |0.893 |0.945 |0.878 |0.945
Table 4 Path coefficients and p-values of proposed structural model

Constructs Path coefficients | p-values
la. Trustworthiness — sWOM 0.440 0.000
1b. Trustworthiness — Intention to follow the advice 0.371 0.000
2a. Referential skills - sWOM 0.184 0.007
2b. Referential skills — Intention to follow the advice 0.014 0.806
3a. Opinion leadership — sWOM 0.247 0.000
3b. Opinion leadership — Intention to follow the advice 0.135 0.035
4a. Hedonism — sWOM 0.198 0.000
4b. Hedonism — Intention to follow the advice —0.114 0.003
4a. Utilitarianism — sWOM —0.119 0.035
4b. Utilitarianism— Intention to follow the advice 0.182 0.000
5a. Para-social relationship — sWOM 0.268 0.000
5b. Para-social relationship — Intention to follow the advice 0.428 0.000

Evaluation of the proposed structural model

To estimate the proposed effects the bootstrapping procedure (5000 iterations) in
SmartPLS was used. Path coefficients and p-values are summarized in Table 4. The
R? for sWOM (R? = 0.929) and ‘Intention to Follow the Advice’ (R* = 0.950)
represent a substantial level of explained variance.
For ‘Trustworthiness’ the data shows the proposed positive effects, thus hypothesis
la (p = 0.440, p < 0.01 for sWOM) and 1b (8 = 0.371, p < 0.01 for ‘Intention to
Follow the Advice’) are accepted. ‘Trustworthiness’ has the strongest influence on
SWOM. ‘Referential Skills’ show a positive effect on sSWOM (B = 0.184, p < 0.01),
but no significant influence on ‘Intention to Follow the Advice’. Therefore, hypothesis

8 Diagonal elements are the square root of the AVE. Elements below diagonal are the correlations
between constructs.



Digital Disruption—How Medical Doctors Employ Influencer ... 165

Antecedents ‘Outcomes
| Aanres AT]eee
Trustworthiness +
Inflsencer
characteristics - Ag4re 0141
Referential skills H  sinm i
. SWOM
Opinion leadership o) pareee |3 R = 929
189 114
Hedonism -
-l Intention 1o follow the advice
Content L il funiait e G
characteristics - d1gee J52e%e Ri= 950
Utilitarianism t cesrnnnenanead :
: 2684+ | Aagees Coatrol variables: Age, Gender, Occupation, Time on lnstagram,
Fackaciel latiseatiy e Time following the doctor.
*p< 0L10; **p < 0.05; ***p < 0.01; § not significant

Fig. 2 Summary of results

2a is accepted and 2b rejected. ‘Opinion Leadership’ shows both predicted positive
effects and thus hypothesis 3a (f = 0.247, p < 0.01) and 3b (§ = 0.135, p < 0.05)
are accepted.

Regarding the content characteristics ‘Hedonism’ and ‘Utilitarianism’ show inter-
esting results. While ‘Hedonism’ shows a positive effect on sWOM (B = 0.198, p <
0.01) and a negative effect on ‘Intention to Follow the Advice’ (3 =-0.114,p<0.01);
the effects for ‘Utilitarianism’ are reversed (3 = —0.119, p < 0.05/8 = 0.182, p <
0.01). However, overall hypothesis 4a and 4b are rejected. Finally, ‘Para-social Rela-
tionship’ shows both predicted positive effects on sSWOM (f = 0.268, p < 0.01) and
for ‘Intention to Follow the Advice’ (B = 0.428, p <0.01) this factor has the strongest
influence. Thus, hypotheses 5a and 5b are accepted. All results are summarized in
Fig. 2.

5 Results

This study set out to answer the question how doctors can become successful on
social media platforms and what their follower’s perceptions on key antecedents
and outcome variables are. The findings of this study reveal several interesting
points to answer this research question. For ‘Trustworthiness’ the results presented
largely confirm the importance of this antecedent for influencer marketing that was
pointed out by previous research (Chapple and Cownie 2017; Leung et al. 2022;
Sah et al. 2018). Particularly, for generating word of mouth online this construct
showed the strongest influence on sSWOM. Additionally, ‘Trustworthiness’ is the
second strongest predictor of ‘Intention to Follow the Advice’. Thus, the findings
confirm studies focused on medical settings, which also highlighted the importance
of trust, such as Lépez et al. (2012) or Trachtenberg et al. (2005). For a practical
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recommendation doctors thus should focus on strategies of building trust with their
audience. A literature review on trust building by Chandra et al. (2018) found that
trust correlates highly with the doctors’ level of communication, level of interper-
sonal treatment, knowledge about the patient and the longitudinal continuity of the
doctor-patient relationship, as well as preventive counselling.

‘Referential Skills’ show a positive effect on sSWOM, however no effect on the
second outcome. It appears that presenting topics clearly is helpful in creating word
of mouth, however, not enough to convince the audience to actually follow the advice
presented. Therefore, physicians should be aware that flawless communication skills
online have to be complemented by other factors, i.e. ‘Opinion Leadership’ or ‘Para-
social Relationship’. According to the data of this study being viewed as an opinion
leader is a key success factor for doctors on social media. This mirrors findings of
Burt (1997) who argues that, in a medical setting, opinion leaders are more often
opinion brokers that help in the diffusion of information between groups. Future
research should investigate indirect effects of ‘Opinion Leadership’ as a moderator
or mediator variable. From a practical perspective in innovating their business model,
doctors that want to become more active online should employ strategies to establish
themselves as opinion leaders.

For the content characteristics the effect of ‘Hedonism’ and ‘Utilitarianism’ is
particularly interesting. Hedonic content gets the influencer sSWOM, while utilitarian
content influences the followers to consider compliance with the advice given by the
doctors. Therefore, doctors should plan out their content strategy with a healthy
balance of fun and useful content.

Finally, for ‘Para-social Relationship’ the second strongest positive effect on
the sWOM was found. Further, this factor shows the strongest positive effect on
‘Intention to Follow the Advice’. These findings support prior research of Reinikainen
etal. (2020), Farivar et al. (2021), Lee and Watkins (2016) and Colliander and Dahlen
(2011) who found similar positive effects on influencer outcomes. Thus, doctors
who want to be successful on social media should particularly focus on activities
that increases the development of ‘Para-social Relationship’, i.e. posting frequently
throughout the day, letting their follower participate in their lives, responding to
questions and direct messages, sharing personal stories or secrets, besides posting
about their professional content.

The key in creating ‘Para-social Relationship® with their followers is to use para-
social interaction strategies, which is the illusion of an interaction with conversational
give and take (Horton and Wohl 1956). These strategies also involve talking directly to
the followers, greeting them, direct eye-contact with the camera and sharing personal,
private and informal information, since those behaviours trigger the experience of
an actual interaction between follower and influencer (Reinikainen et al. 2020; Hart-
mann and Goldhoorn 2011). With social media the development of para-social rela-
tionships has become easier since they allow for actual interaction via comments,
direct messages or live broadcastings, where followers can send in questions that get
answered by the influencer. Labrecque (2014) for instance found that addressing the
followers by their username improves the feeling of para-social relationship. Addi-
tionally, Frederick et al. (2012) showed in an athlete-follower-interactions on twitter
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that responding to a specific follower also heightens the para-social experience of
all other followers that just witnessed the interaction. The data in this study suggests
that these strategies should be beneficial for creating desired outcomes for doctors
on social media.

This paper also offers several theoretical contributions. Despite the growing body
of academic literature on influencer marketing, this study is the first to analyse
antecedents and outcomes of influencer marketing in a medical setting. Hereby this
study extends the knowledge on influencer marketing in different ways. First, this
work extends the current understanding of influencer marketing to a new industry,
which several scholars have been calling for, since most work in this area has been
done in settings of fashion, beauty, and lifestyle influencers (Campbell and Farrell
2020; Lanzolla et al. 2020; Zollo et al. 2020; Vrontis et al. 2021; Djafarova and Rush-
worth 2017; Groselj 2014; Jami Pour et al. 2019; Farivar et al. 2021). By investigating
the medical industry and doctors in their role as influencers this work contributes to
partly closing this research gap.

Second, this study also extends the body of knowledge by investing a non-US
country, which was called for by academia as well (Djafarova and Rushworth 2017).
The respondents in this study all provided Colombia as their country of origin.
The results show some similarities with prior research, however some interesting
differences as well, that might be related to the respondents’ country of origin and
cultural background. However, additional research, e.g. by conducting the survey in
other countries would be needed to pinpoint and extract the impact of country and
cultural differences on influencer marketing.

Third, this work offers a new combination of antecedents and outcomes called
for by Vrontis et al. (2021) and provides a wholistic approach by looking at influ-
encer characteristics and content characteristics. The field of social media influencer
marketing is still quite new and needs more structure and theory building. Hence,
this work can contribute here as well.

Several limitations of this study must be acknowledged, nevertheless some might
be opportunities for future research. First, the sample is dominated by female respon-
dents, due to the specialisations of the doctors in mastology, gynaecology and plastic
surgery, which are niches for female patients. Even though gender did not have a
significant influence in the data, future studies should investigate a more balanced
sample. Second, the study investigates intentions only. This is common practice
in academic business research, since intentions have been shown to be a good
proxy of actual behaviours. However, future research should try to investigate actual
behaviours, e.g. by collaborating with doctors that give access to their Instagram
account and their patient records to see if a growing follower number or comments
and likes online actually translate over into the real world in terms of an increase of
patients scheduling appointments. Third, the doctors distributed the survey to their
followers in Instagram, which could have resulted in a bias and respondents rating
the items particularly high. Further, the doctors came from a rather narrow field of
specializations. Future research could consider other methods of survey distribution
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where there is no direct link between the respondent and the doctor under investi-
gation. Additionally, other medical specialties, e.g. family doctors, dermatologists,
ophthalmologist etc. should be investigated as well.

Fourth, Instagram was used as the target social media platform. While Instagram
is one of the most common platform for influencer marketing, other platforms like
TikTok, YouTube or upcoming platforms like Kwai should be investigated as well,
to check for potential differences among the platforms.

Nevertheless, by investigating this still new and innovative phenomenon of
medical doctors becoming social media influencers, this study helped in broadening
the body of knowledge on antecedents and desired outcomes of influencer marketing
and thus provides a valuable contribution to the academic literature.
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and the Impact on Accounting Education
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Abstract One of the megatrends in the immediate future of entrepreneurship is
the digitalization of production, operations and processes. As accountants stand in
the intersection of all functions within a business, they have embraced waves of
automation over many years to improve the efficiency and effectiveness of their work.
Technological advancements are impacting radically the accounting profession and
this should activate transformation policies in the accounting educational sector. The
present study aspires to explore the influence of digitalization on the accounting
profession and its relation to the readiness of Higher Education Institutions (HEIs)
to prepare future accountants.

Keywords Digitalization - Accounting education + Accounting profession *
Economy

1 Introduction

The new entrepreneurial era is characterized by digitalization. Digital revolution
has brought in the fore new forms and meanings for entrepreneurship in the whole
world. Giones and Brem (2017) propose the concept of three different types of
digital businesses: technology entrepreneurship, digital technology entrepreneurship,
and digital entrepreneurship. Each of them has emerged in diverse environments
and produce a range of different opportunities for growth. The main enablers of
digitalization are “social”” and “mobile” (Legner et al. 2017) while internet-of-things,
blockchain technology, “big data”, “cloud” and “smart” business intelligence (BI)
and business analytics (BA) are the applications associated with them. More enablers
include robotics and machine learning, the two main technologies for the automation
of processes.
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The unique novelties offered by information technology (IT) seem to be very
far away from the agriculture—based economy that humans developed up to mid—
nineteenth century. In the following centuries when industry-based economy was
established, the accounting profession supported and permitted the creation of multi-
national industrial businesses. Professional accountants in this period have been
valuable members of the management team that leads the globalized operations.
However, in the last decades we have passed into the post-industrial, information-
oriented economy where “knowledge” is the driving force of the world. This evolu-
tion is posing concerns about whether the current accounting profession is in place
to remain an indispensable member of the economic engine or it will be replaced by
the new technological advancements (Ratnatunga 2018). Technological innovations
adopted by companies constitute a new challenge for accounting organizations and
accountants who struggle to adapt and keep pace with evolving technologies (Fuller
and Markelevich 2020). Accountants need new skills and competences in order to
survive and offer valuable services to the companies. These skills include apart from
accounting technical expertise, a range of soft skills such as agility, communica-
tion skills, interpersonal abilities and certainly strong digital skills (Asonitou and
Hassall 2019; IFAC 2006; AICPA 1999). Higher Education is responsible according
to employers and managers to provide high quality education to future accountants.

The objective of this study is to depict the interconnectedness between digital
technology, the accounting profession and the accounting education.

This study aims to (a) present how the accounting profession has evolved and how
it is integrated within the digitalized enterprise and (b) to explore how accounting
education is changing in order to accommodate the reforms which happen in the
changing business world.

2 Theoretical Framework

Digitalization process is far more complicated than digitization. As Schallmo and
Williams explain (2018) digitization is a technical process that allows to transform
analogue information to a digital format, making it easier to trace, transmit and
communicate. Digitalization on the other hand, involves a deep transformation of
the organization, including use of digital technologies, strategy and possibly a new
business model to follow. These changes signify an organizational, technical and even
cultural shift within a business (Knudsen 2020). A digitalized company uses natively
digital data, changes business processes and uses digital information and communi-
cation at the core of its operations and strategy (Schallmo and Williams 2018, p. 6).
New technology and new business models create a secure environment for enterprises
to share valuable data with others within an ecosystem. For example, twenty-eight
European automakers and partners in a value chain of key manufacturers, suppliers,
and tech companies, joined forces during Covid-19, to launch “Catena-X" platform.
This was a data exchange ecosystem that permitted to share information on their own
terms with privacy and security guaranteed (Deloitte 2022).
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Technology and digitalization are the causes for the creation of new business
models (Legner et al. 2017). Enterprises experience huge socio-technical trans-
formation that overturns their organizational structure and strategies (Legner et al.
2017). Technological developments in Business intelligence, Artificial intelligence,
robotics, analytics, Blockchain, machine learning and big data, are reshaping the
world as we know it already. Digitalization signifies reforms in economies, societies
and professions. Covid-19 pandemic crises have accelerated the pace of technological
changes.

In this environment, preoccupation has appeared with regards to which profes-
sions face extinction and which will survive in the new era. Amongst them is the
accounting profession for which inevitably new knowledge horizons and skillset
should be designated by stakeholders. Digitalization of enterprises jointly moves
with the digitalization of the accounting tasks and the shifting of accountants’ duties
towards higher demanding roles. Public accounting organizations (PAOs), policy
makers, governmental agencies and academics urge to re-invent the profession in
order to survive and even thrive in the new digital-oriented world (CGMA 2019).
The accountant in its new role as advisor in the management team, participates to
systems design, implementation and strategy, while every transaction, either physical
or digital, will have to go through the accounting or ERP system. Successful adap-
tation of accountants to the new technological era presupposes they have acquired
the indispensable skills and competences during their studies in Higher Education
Institutions (HEIs). Insight on how these fields are interrelated will help both accoun-
tants and accounting academics to move in a faster pace towards adaptation of the
technology.

Researchers and professionals argue that more research is needed in order to
clearly define how the role of accounting professionals is going to change in selected
fields.

This leads to the first research question of this study:

Research question 1: How has the accounting profession evolved and how is it
integrated within the digitalized enterprise?

This study aims at identifying major current trends and offering an overview of
recent research topics. Changes in the accounting profession should activate modi-
fications in the accounting curriculum and the skillset in order to better prepare
future accountants in Higher Education Institutions (HEIs). However, there should
be concern on the level of readiness of HEIs to accept, organize and implement
changes in the curriculum that mirror changes in the accounting profession due to
digital business transformation. The leads to the second research question of this
study:

Research question 2: How is accounting education responding to the reforms in
the digital oriented business world?

The remainder of the paper is structured as follows: Section three presents
the methodology while sections four and five provide the results of the review.
Conclusions and future research are presented in Sect. 6.
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3 Methodology

We conducted a literature review among recent studies and publications which
analyse the changes in the accounting profession and the impact on the accounting
education. We have used as main key words: “digitalization”, “digitization” and
“accounting profession”, “accounting education” and “information technology”. We
have identified studies published by the big four auditing and consulting companies
and the International federation of accountants (IFAC). The databases we have used
are google scholar, research gate, and specific scientific journals such as “accounting

education” “international journal of accounting information systems”, “journal of
accounting education” and “Journal of Emerging Technologies in Accounting”.

4 The Accounting Profession

Frey and Osborne (2013) examined how susceptible jobs are to computerization in the
light of IT radical advancements. According to this study, bookkeeping, accounting
and auditing were among the occupations that should expect to be at risk due to
computerization. Since then, this study stimulated a series of articles which repro-
duced the idea that the accounting and finance professions are in the brink of extinc-
tion and their role is redundant in an information driven era. These claims have caused
the attention of professionals and authors who explained the misquoted information
by the media. Firstly, Frey and Osborn, talked about tasks within jobs—not the
jobs themselves and secondly the articles did not recognize that the freed-up time of
accountants could be used to perform new insightful tasks within jobs (CGMA 2019).
The same perspective of rapidly changing tasks within the finance and accounting
industry was given by Accenture (2015): “Transactional tasks will move to integrated
business services solutions that use robotics, which will automate or eliminate up to
40% of transaction accounting work by 2020”.

Other researchers express the idea that accounting needs to develop a new
paradigm in order to keep pace with the new information-based economy. A new theo-
retical base and proper tools are needed in order to provide digital businesses with (a)
strategic and control information (b) future-orientated and historical information (c)
financial and non-financial information (d) profit-motivated and socially-responsible
information (e) timely and accurate information (Ratnatunga 2018).

Major issues that need attention include a widened accountability focus of accoun-
tants towards—customers, suppliers, employees, government and environmental
groups, among others, consideration for the recognition and measurement of the
extended capital of an enterprise such as “knowledge, innovation, communica-
tion, learning, and innovative abilities”, contemplation about the timing require-
ments of information-era given that enterprises now require “real-time” information.
Finally, accountants should reconsider all about information stability assumptions
by continuous monitoring KPIs and tasks and visualizing reports and trends.
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A long-term vision of the finance and accounting profession is generated in which
the focus is shifted towards making IT advancements to support accountants’ work
to become more accurate in forecasting future trends and analyzing real-time digital
data. Digitalization increases interconnectedness of customers, business, suppliers,
and governmental agencies. As a result, competition becomes tougher, communica-
tion becomes faster and ideas are quickly turned into products which are easily copied
by competitors (CGMA 2019) Organizations operate in conditions with financial and
geopolitical instability, facing rising costs, supply chain and procurement problems,
geopolitical instability and an energy crisis. Therefore, the challenges for the busi-
nesses are higher in a digital world, and employers turn to accountants and finance
professionals to “help them stay afloat and navigate a future pathway to resilience”
(IFAC 2022).

The accounting profession includes auditing, taxation, management accounting
and control, forensic science and corporate reporting. Accounting is exercised in
big and small practices, in the private and the public sector. None of these areas of
accounting are left out of the evolutionary digital transformation (Narayan and Stittle
2018; Sorros et al. 2021). Several studies have examined how emerging technologies
impact various aspects of accounting (Smith and Castonhuay 2020; Bakarich and
O’Brien 2020; Curtis et al. 2009; Mahzan and Lymer 2014; Sutton et al. 2018; Kotb
et al. 2019; Al-Htaybat et al. 2018).

Finance and accounting profession should create tighter collaborations and inter-
action with internal and external stakeholders across organizations and across func-
tions. Digitalization affects management accountants and management control (MC)
systems on different aspects. MC is designed to enable an organization to adapt to
their environment and to keep organizations reliably on track (Fidhndrich 2022).
Digitalization has an impact on budgeting and reporting performed by management
accountants which can be done more efficiently releasing time for more in-depth anal-
ysis of data, better managing risk and increasing the transparency of the activities of
management accountants (Appelbaum, et al. 2017). The use of digital tools such as
business intelligence, cloud computing, big data and automation allow management
accountants to improve operational processes across multiple corporate functions
(Fahndrich 2022; Rikhardsson and Yigitbasioglu 2018).

Smaller accountancy practices (SMPs) are influenced by technology also and they
seem to have also embraced IT and social media as reported by IFAC (2023). The
challenge for SMPs is that their clients do not want or are unable to support their
decision for digitalization. The bigger the practice the more digitally advanced are,
and the bigger the benefits in productivity, flexibility and overall attractiveness to
new recruits and to existing and potential clients.

A recent research by CGMA (2019) revealed the following important points for
finance and accounting professionals

e With regards to the time spent with the four basic finance activities, assembling
information, analyzing for insights, advising to influence and applying for impact,
respondents declared their wish to move towards the three last functions, therefore
moving from isolation (accounting) to working in partnership with colleagues
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across the organization (management). Digital tools allow finance functions to
refocus towards insight, influence and impact.

e With regards to the awareness and use of digital tools, the results show a better
picture than expected before the research took place, as it is shown in Table 1.

e Cloud computing, process robotics and visualization are categorized as core
modernization tools while advanced analytics, cognitive computing and in-
memory computing and Blockchain are categorized as exponential technology
(Deloitte 2016). From core modernization tools, only cloud technologies have
become a mainstream feature, while robotics is included in the “early adopters”.

e With regards to the main tools and techniques used by finance professionals the
most important cited by respondents have been data, value, costing and business
model. All of them need re-evaluation and continuous updating of mastery by
finance and accounting professionals in the digital world. Considering data, the
focus instead of collection and processing, should be in ensuring the integrity and
the proper communication given that it requires much deeper and further analysis
than just reporting data.

e Costing systems have not changed dramatically, organizations continue to use
activity-based costing (ABC) and management-based costing (ABM). Digital
costing is just emerging as a concept but it needs further to be explored.

e Intangibles are becoming more important for organizations therefore measure-
ment rules that ignore them should change. Hence finance professionals who can
measure and report intangible value will be in high demand in the future.

e The finance function in the digital world is shaped by five levels. The lowest level
concerns systems and technologies of recording. Next level includes technical
specialists providing insights and interpretation in their respective areas. Next
level consists of systems and technologies of engagement in order to influence
and shape how the organization creates and preserves value and finally highest
level is about systems and technologies of governance and oversight applying
strategic leadership of the organization.

For assurance firms machine learning models and Al developments can comple-
ment human intelligence, supporting full data auditing rather a sample of it, enabling

Table 1 Awareness and use of technology (adapted from CGMA 2019)

Technology Aware of technology (%) Use of technology (%)
Cloud 91 54

Process robotics 50 11

Visualization 44 18

Advance analytics 68 25

Cognitive computing 33 5

In-memory computing 23

Blockchain 48
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professionals to discover anomalies that may exist without using the resources typi-
cally required for traditional audit (Smith and Castonhuay 2020). The whole process
will be faster and will take much less effort and will improve the accuracy of the
accounting functions. Integrating Al and machine learning in high risk areas improves
efficiency while permitting auditing and consultancy firms to regain time for estab-
lishing closer and better relationships with clients (Kwarbai and Omojoye 2021;
Kokina and Davenport 2017).

Our relationship with technology is not a stable one. All finance and accounting
stakeholders, need to continually re-invent this relationship as intelligent systems
will undertake gradually more decision-making tasks from professionals. This
phenomenon should not threaten the finance community as long as it engages in the
optimization, diversification and transformation of the profession to better serve busi-
ness and investment decisions (CGMA 2019; IFAC 2022; Deloitte 2023). However,
this perspective of the finance function within the technology-based society requires
new competences and a digital mindset of financial and accounting professionals.
Higher Education Institutions have a high share of responsibility to prepare future
accountants with digital competences to cope with the new digital world.

5 Educating Future Accountants

Globalization and technology developments have created a skills shortage in the
finance and accounting professionals which was anticipated as early as the last
quarter of twentieth century (Albrecht and Sack 2000; AECC 1990). Employers
were blaming accounting academics for not preparing graduates properly and for the
generic skills gap in their training. The market demanded a well-rounded education
including hard and soft skills that would create competent professionals for a fast-
changing business environment (Pincus et al. 2017; Gonzalez et al. 2009). Since then
many studies explored the range of skills required by the employers and the impor-
tance assigned to skills and competences (Roepen 2017; Asonitou 2015; Hassall et al.
2003). Digital skills were found to be highly appreciated by employers and academics
in the required competences of accounting graduates. ERP systems became increas-
ingly more and more important to employers moving from position 12 in importance
to position 7 within ten years (Tan et al. 2004). Three major challenges were reported
by Hood (2015) which preoccupied the profession (1) technology-induced changes
that devalue core services of the profession, (2) finding new employees with the right
mix of skills and retraining current employees who need new skills, and (3) keeping
up with the pace of technology change.

Digitalization, the megatrend in the new era, apart from technical skills requires
advanced analytical skills and business acumen from accountants so they can under-
stand business operations, perform operational analysis, provide real-time reports
and facilitate accounting decisions (Wang 2021). Therefore, a solid academic prepa-
ration is necessary and accounting curricula should be directed towards integrating
these types of technology within studies.
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Academia has started long ago to include digital skills and new technology into
the accounting curricula however in different pace and speed in each country. Wang
(2021) refers to an example of introducing data analytics program into the accounting
curriculum and how rewarding it has been for the students. The study refers also to
some major challenges such as time and talent requirement as this is a very demanding
course compared to routine offered courses. Students need extensive practice to be
able to perform an analysis, interpret the findings and provide recommendations.

Faculty considers the most important topic to include in a data analytic topic,
is to develop student’s data analytics mindset and give emphasis on data-driven
critical thinking skills (Dzuranin et al. 2018). It is very important to develop students’
ability to ask questions that can be answered using data and train them to effectively
communicate process and outcome of data analytics processing.

The above challenges should be added to a number of barriers which have been
explored already about skills introduction into the accounting curricula (Asonitou
2021; Arquero et al. 2022). Timing seems to be also a major challenge. Most HEIs
are slow to adjust curricula to reflect changes in the IT environment and to integrate
such analytical tools. It seems that there is a delay in HEIs responsiveness to adapt
to changing conditions in comparison to the great acceleration of digital technology
in the real world (Spraakman et al. 2015; Asonitou 2021).

Other researchers state that given the complexity of technology, no single stake-
holder is sufficient to satisfy labor demands in digital skills. Accounting educators in
HE are equally important as managers and employers in strengthening new accoun-
tants skills (Jackson et al. 2023). Projects and case studies are outlined as the most
appropriate methods for delivering data analytics content to students.

6 Conclusions, Implications and Limitations

The aims of this study were to present the digital evolution of the accounting profes-
sion and the efforts of the accounting education to prepare well rounded future
accountants.

Employers within this digital world require from accountants a range of skills
including critical thinking, communication skills, agility, problem solving and well-
developed ICT skills. Universities should develop accounting programs that have
the proper balance of technical and generic skills to prepare future accountants to
compete in a digital-oriented world.

Educators can achieve their goal by integrating various analytical tools and other
advanced technology platforms for training of students. However other methods
should also be followed such as: (a) promoting apprentices in business which have
adopted and use such tools (b) promote synergies between different departments in
HEIs, and promote also combined projects between students from different depart-
ments (c) promote synergies between HEIs and society for example with associations
with related expertise (d) cooperate with organizations which can provide resources



The Transformation of the Accounting Profession Within a Digitalized ... 181

to faculty to include in data analytics course (e) creation of hubs within universities
which can attract talents and become knowledge resources for students.

Moreover, more collaboration initiatives between HEIs and enterprises will
support an upgraded preparation of the next generation of accountants-advisors.
In this way the accounting profession will be in place to serve the companies and
face the challenges of the rapid pace of technological change.

This study offers an insight into the future of accounting education and the
accounting profession in relation to the digital new world. This is not an exhaus-
tive literature review but rather an interpretation of the current trends. A systematic
literature review can offer a deep perspective on the issue under investigation.
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SMEs Innovation Leveraged by Digital )
Transformation During Covid-19 L

Elaine Mosconi® and Caroline Blais

Abstract The Covid-19 pandemic of the last few years has affected many enter-
prises, especially SMEs. Difficult market access, supply issues, and labor problems
have characterized their business environment. Despite these challenges, some SMEs
decided to stand out by innovating and investing in digital technologies to develop
a new way of doing business during this period. However, little is known about
the benefits that these initiatives have had in creating value for these SMEs. To
answer this question, we studied two SMEs that have successfully developed new
products and simultaneously implemented technological initiatives to significantly
improve their processes and counter the challenges related to the pandemic. Inspired
by the “S”"4” integrated digital transformation framework, we demonstrated that the
numerous benefits that emerged from these innovations contributed to creating value
for these SMEs in a COVID-19 context.

Keywords Digital transformation + Product innovation - Digital innovation -
Value creation + Small and Medium Enterprises (SMEs)

1 Introduction

The Covid-19 pandemic has affected all economic sectors, including small and
medium enterprises (SMEs) (Adam and Alarifi 2021). Government policies in many
countries have resulted in temporary or even permanent closures for enterprises that
have not been able to deal with the challenges of this period, including those related
to supply chain disruption (Baig et al. 2020). To survive and respond to new market
demands, some SMEs have chosen to innovate (Clauss et al. 2022) and seize new
opportunities (Wenzel et al. 2021). A recent survey of 711 Canadian SME managers
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revealed that half revised their business model during the pandemic. In addition, for
16% of the SMEs surveyed, this period led to the development of new products,
services, markets or customers (Québec Innove 2020). Also, more than half (55%)
of these SMEs carried out accelerated digitization projects during the pandemic. As
a result, new business models and processes have emerged to adequately respond to
the COVID-19 pandemic challenges (Cukier et al. 2021), and digital technologies
that would typically take five years to implement were adopted in only eight weeks by
accelerating digitalization and digital transformation (DT) (Baig et al. 2020). These
initiatives have propelled SMEs to innovate and rethink their business entirely to face
crises and help them develop a significant advantage in a post-COVID-19 recovery
(Roper and Turner 2020).

DT is used interchangeably with digitization (digitization or digitalization) (Gong
and Ribiere 2020). Both are important for businesses. Nonetheless, DT is different
from digitization since digitization strengthens the value proposition and the identity
of companies by supporting existing activities. DT aims to transform them, changing
the dynamics driving businesses’ value proposition and identity (Wessel et al. 2021).
DT is based on superior connectivity and an explosion of available data, changing
the way enterprises do business (Mosconi et al. 2019). DT goes beyond technical or
technological aspects, which frequently implies the development of new strategies,
new business models, and new capabilities helping organizations to become more
sustainable, integrated, efficient, agile, and adaptable to the market and to fierce
competition based on innovation around value creation (Bordeleau et al. 2021).

Although innovation appears to be a winning strategy, it also brings challenges
(Perin et al. 2017). A significant number of projects do not reach completion, leading
to loss of resources and financial distress. In a context of high uncertainty, risk-
taking increases, and rates of failure in innovation projects are high (D’Este et al.
2016; Jenson et al. 2016; Maslach 2016). Rhaiem and Amara (2021) indicate that
40-90% of innovation projects end in failure. In addition, accelerated DT opens
many occasions for digitization of innovation processes, and outcomes can disrupt
existing innovation management practices since it becomes difficult for a business
to separate the relationship between innovation processes and products (Nambisan
et al. 2017, 2019). However, few studies describe how the DT journey can create
value for SMEs related to digital innovation. In addition, we argue that SMEs need
to allocate their resources to innovation and DT projects with a better chance of
success. And, the potential benefits are achievable in the short term, allowing them
to optimize these resources and strive for successful innovation initiatives and value
creation, especially in a COVID-19 context.

This gap requires attention since SMEs have a smaller margin of error due to their
more limited resources (Astrini et al. 2020). In this context, our research objective is
to understand how SMEs that have successfully innovated during the recent health
crisis have evolved technologically and how DT has enabled value creation. Our
research question is: what are the benefits of DT in SMEs that successfully innovate
in a COVID-19 context?

The contributions of this research help understand how certain SMEs conducted
innovation initiatives to survive crises by creating new products, reinforcing links
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between DT and digital innovation. Finally, the acceleration of DT initiatives has
enabled digital innovation as products, processes, and managerial innovation for
SMEs. Our research also contributes to applying the theoretical S*4 DT frame-
work (Bordeleau et al. 2021) to the analysis of these SMEs’ respective journeys. We
concluded that technologies worked as triggers that required new capabilities and
skills to carry out transformation and innovation in value creation for customers,
stakeholders, and society in the COVID-19 context.

2 Theoretical Background

2.1 Innovation and Digital Innovation

Innovation is defined in academic and professional literature, highlighting the inno-
vation process or outcomes. The Oslo Manual (2018) presents two major types of
innovation: innovations that change the firm’s products (product innovations) and
innovations that change the firm’s business processes (business process innovations).
A product innovation “is a new or improved good or service that differs significantly
from the firm’s previous goods or services and that has been introduced on the market”
(OECD 2018, p. 21). A new product (goods or services) can require business process
innovation. It is defined as a “new or improved business process for one or more busi-
ness functions that differ significantly from the firm’s previous business processes
and that has been brought into use by the firm” (OECD 2018, p. 21).

Digitalization can “entail the application of digital technologies to a wide range
of existing tasks and enables new tasks to be performed” and “has the potential to
transform business processes” (OECD 2018, p. 37). Digital innovation refers to the
“use of digital technology during the process of innovating” (Nambisan et al. 2017,
p- 223) and “the creation of (and consequent change in) market offerings, business
processes, or models that result from the use of digital technology” (Nambisan et al.
2017, p. 224).

Digital innovation and DT are two related concepts because they require changes
in business processes and lead to value creation using emerging technologies.
Emerging technologies can be digital, physical, and biological technologies that are
ubiquitous in our daily lives as well as in organizations, leading to a robust technolog-
ical convergence that should change the modus operandi of all productive sectors in
an unprecedented way (Schwab 2016). As mentioned by Nambisan et al. (2017), the
properties of digital technologies offer new opportunities for creating infrastructure,
products, and business models and, thus, can reshape the ways in which firms orga-
nize for innovation (Nambisan et al. 2017) with what is known as DT. DT changes
the nature and structure of new products and services, creates novel value creation,
and transforms industries propelled by emerging technologies.
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2.2 Digital Transformation

DT is crucial for businesses, and it is gaining attention worldwide. Digital technolo-
gies do not create value per se, but it is their use in a particular context that allows
organizations to discover novel ways to create value in a new and constantly changing
environment; technologies are the spark enabling DT (Bordeleau et al. 2021; Wessel
et al. 2021). Technology is one piece of the complex puzzle in an organizational
context since creating value requires rethinking the strategy, structure, and processes
that call for mindset and cultural changes within the organization (Vial 2019). Other-
wise, DT could amplify the gaps in the organization and make them visible, generate
employee disengagement, and more (Tabrizi et al. 2019). Managers and researchers
are still struggling to conceptualize both the DT journey and its end goal for value
creation. DT is complex to manage in a real setting, and the need to understand how
to support businesses in their transformation remains (Bordeleau et al. 2021).

Business managers and senior executives have pointed out that DT is a concern
because 70% of DT initiatives do not reach their goals (Tabrizi et al. 2019). DT has
both intended and unintended opportunities and challenges that emerge in different
levels and contexts since it is related to social and technical shifts in organizational
contexts (Bordeleau et al. 2021). Socio-technical system theory considers human
and technological and organizational issues in technology deployment (Bostrom and
Heinen 1977).

The “SA4” integrated framework of DT presents an interdependent vision of
socio-technical elements for value creation (Bordeleau et al. 2021). The authors have
presented a DT journey that stems from a technology-push perspective to help people
to understand this complex phenomenon. It begins with technology convergence or
triggers, and its building blocks consist of capabilities (human, organizational and
technological) and innovations around value. This journey results in a meaningful
understanding of DT for future organizations (Bordeleau et al. 2021).

2.3 DT S"4 Framework

The S*4 framework proposes that emerging technologies from the digital (e.g.,
artificial intelligence or cloud computing), physical (e.g., advanced materials), and
biological (e.g., advanced genetics) worlds are the triggers for digital transforma-
tion, especially through their potential to converge into sophisticated systems (e.g.,
3D printing of human tissue). These triggers need capabilities or skills, such as the
ability to work in real-time, among others. These capabilities are organized into three
groups: human capabilities (e.g., humans have enhanced visualization capabilities
with the use of augmented reality), technological (e.g., data processing will be much
faster with quantum computing), and organizational (e.g., organizations can have a
direct channel with almost all customers through social media). Furthermore, these
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capabilities can be combined and enable value creation differently, driving innovation
(Bordeleau et al. 2021).

The capabilities supported by DT principles are building blocks that are essen-
tial to the proposition, creation, delivery, and management of value. According to
Bordeleau et al. (2021), the notion of value takes a central place in the DT journey.
Three types of innovation around value are proposed: the notion of value may be
different (e.g., the value of a smartwatch goes beyond providing the time), the way
value is created and distributed may be different (e.g., the production of super-
customized parts through additive manufacturing and drone delivery), and finally
the way the value creation chain is managed may be different (e.g., a supply chain
in a 3D printing platform, such as 3DHubs or Thingverse, may include thousands
of suppliers, instead of hundreds, forcing managers to rethink how to develop and
evaluate suppliers). Together or separately, these three types of innovation around
value have the potential to create the next-generation enterprise which undertakes
DT with a broader ambition than just being technology-oriented.

Innovations around value allow a business to become more “sensing,” as it can
better sense or understand its internal and external environment, thanks to the enor-
mous amount of data available. Using available data analyzed with artificial intel-
ligence algorithms (e.g., deep learning) makes businesses smarter since the quality
of decisions is better. Moreover, companies can be more sustainable in these actions
since their decisions are more data-driven and holistically analyzed. Finally, busi-
nesses have the chance to propel the adaptation and evolution of the social beings
that we are, i.e., supporting collective intelligence and cooperation (“social’’). Busi-
nesses, humans, and objects, e.g., the Internet of Things, are connected now like
never before (Bordeleau et al. 2021). Then, the four main aspects (triggers, ingre-
dients/principles, innovations, and intentions) interact cyclically to guide the DT
journeys of organizations, leading to greater intended impact as well as to a better
awareness of their impact at different levels, including organizational and societal.
By doing so, businesses have the opportunity to become more intended-impact and
conscious organizations. The value creation for these businesses is limited to busi-
ness performance in terms of financial and productivity indicators, but it is created
for the business ecosystem (Bordeleau et al. 2021). The authors mention that “sens-
ing”, smart, sustainable, and social business enables business and mindset intentions
for the transformation of the following generation of organizations, called “S"4”
organizations. The integrative S*4 framework is shown in Fig. 1.

All these considerations are important for SMEs because they are known to have
less resources than large enterprises to innovate and integrate the latest technology
(Blais 2023) nor unlimited access to information on the most up-to-date technology
(Hassani and Mosconi 2022). This can explain why some SME:s are slow to invest in
new technology and struggle to rethink their value creation by redefining strategic,
structural, process-based, and cultural aspects of the business (Wessel et al. 2021).
SMEs are more likely to improve their readiness and their capability to innovate
successfully, using digital innovation as a lever for value creation. The S*4 framework
proposes a vision for a DT journey for value creation that we will adopt to analyze
the journey of SMEs during the COVID-19 pandemic.
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Fig. 1 S74 Framework for Triggers
the DT journey—adapted
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3 Research Methodology

DT and its value creation on SMEs as well as digital innovation are topics currently
underdeveloped in the literature in terms of case and field studies. Then, exploratory
research through a multiple case study approach seems appropriate to investigate this
phenomenon in SMEs (Yin 2017).

3.1 Case Selection and Description of SMEs
and Respondents

Two Canadian SMEs were selected (SME A and SME B1) because the recent
COVID-19 pandemic led them to adopt an innovation strategy based on emerging
technologies. These two SMEs were known to the researchers from a previous collab-
oration. A new set of data was collected during the global pandemic, providing an
in-depth and longitudinal understanding (2019-2020) of their innovation practices
and DT strategy.

These SMEs are the only enterprises in a previous sample of five enterprises to
have innovated and implemented technologies during the pandemic. Not all SMEs
had the same leadership in innovation in this period, so it becomes essential to
focus on those that stood out and to learn more about their innovation strategy and
innovative practices.

The two SMEs innovated by developing protective equipment to ensure the safety
of thousands of employees in the agri-food (SME A) and health (SME B) sectors.
They have been widely cited in the media for their innovative capacity and success
during this period. Considered “nonessential” businesses at the beginning of the
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Table 1 Information about the SMEs and characteristics of respondents

Number of | Sales Position within | Education Years of
employees (Canadian $) | the SME experience in
innovation
SME A 85 14 million CEO and owner | MBA 28
R&D Director Engineer 15
SME B 265 40 million VP Operations | Plastic 6
and Engineering | technician
Business Engineering 2
Development technician
Director

pandemic lockout, these SMEs temporarily ceased their activities following the poli-
cies imposed by the Canadian government. Table 1 presents information about the
SMEs and certain characteristics of their respondents.

3.2 Data Collection and Analysis

Once an agreement was reached on the respondents’ participation, the data collection
consisted of a 90-min semi-structured interview with two managers in each SME.
Other data sources were also analyzed: internal reports, the companies’ websites, and
social and traditional media featuring their activities. The use of multiple sources
increases the quality of data collected and allows triangulation (Yin 2017).

The data were then transcribed, classified, and coded under different previously
identified themes as well as new themes that emerged during the analysis using NVivo
software. The principles of thematic analysis were applied (Paillé and Mucchielli
2008). The themes used to code the data include technology implementation projects
(triggers), resources and skills (capabilities—building blocks), innovation initiatives,
and DT benefits and challenges for future development.

4 Results

During the recent pandemic, the two SMEs identified an opportunity to rethink their
business value proposition by innovating and integrating digital technologies. This
period allowed SME managers to step back and think about how to develop and
market their new products adequately. We found that the low level of technological
implementation before the pandemic was, at least in part, improved and compensated
for during the pandemic. These initiatives enabled SMEs to meet their need to reach
the market quickly. It also allowed both SMEs to reemploy most of their staff to



192 E. Mosconi and C. Blais

produce their protective equipment during a difficult moment of the pandemic supply
chain disruption.

We adopt the S*4 framework to understand and analyze the data collected on the
DT journey of the SMEs studied. SME A and SME B experimented with digital
innovation and DT at the same time since their managers decided to innovate by
integrating a new product into the market. We use the S*4 to study their implemented
technologies (digital, physical, and biological—triggers of DT); the explored and
exploited as capabilities (building blocks); the innovation outcomes (product/service,
processes or managerial) and what they get from this journey in terms of benefits
and challenges. Finally, our aim was to study how these benefits and challenges
could be related to becoming an intelligent organization, an organization of the new
generation, which is S”4 or an intelligent organization (sensing, smart, sustainable,
and social).

4.1 Technology Implementation Projects (Triggers)

During the recent pandemic, the two SMEs conducted technology implementation
projects to meet their needs and quickly meet the market to face supply chain disrup-
tion and business opportunities. We found that the low level of technological imple-
mentation before the pandemic was, at least in part, improved and compensated
for during the pandemic. This period accelerated the implementation of technology
initiatives. To illustrate this acceleration,

In the past, we had discussions about 3D printing: are we investing in it? We didn’t see the
possibilities. However, the need to manufacture certain components in-house to deal with
the inability to purchase them externally [during the pandemic] led to the purchase of 3D
printers. So overnight, the first deal I did, was to order a 3D printer. We started developing
[the new product], learning about 3D printing and how it works. But not long after that, we
bought a second [3D] printer. Then not long after, we bought a third [3D] printer with a
different technology [VP Operations and Engineering—SME B].

Table 2 shows the technology implementation projects (digital and physical
technologies) conducted before and during the pandemic in each of the SMEs.

Like many enterprises, before the health crisis, both SMEs were connected to
the Internet and used cloud computing to host data, advanced software, and an ERP
system. Teleworking was already present. The use of these technologies allowed
access to enterprise data everywhere and facilitated distance working. However, SME
B differs from SME A by implementing more pre-pandemic technology initiatives.
The automotive field of SME B explains in part its greater technological advancement
because it had to invest more to meet the needs of major clients of the industry. SME
B is known for its avant-gardism in terms of robotization and automation of its
production line on several sites, including a plant in Mexico. SME B has camera-
based control systems (with sensor and distance control) to monitor the quality of
the products manufactured, allowing it to react more quickly if a defect occurs.
Better quality control and more stability in production are then noted. All of SME
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Table 2 Technology implemented in SMEs before and during the pandemic

Technologies implemented SME A SME B

Before During Before During
Digital
Advanced software X X X X
Automation of tasks (paperless) X X
Cloud computing X X X X
Connected sites (plants) X X
Distance control X X
Integrated system/ERP X X X X
Internet connection X X X X
Internet of things X X X
Sensor X X X
Technology platform—e-commerce X X
Teleworking X X X X
Physical
3D printing X
Robotic—automation X X X

B’s factories are connected to the same information systems, and key performance
indicators (KPI) are output in real-time from the production sites.

4.2 Resources Used to Deploy These Initiatives
(Capabilities—Building Blocks)

The availability of a recently hired marketing resource has helped SME A deploy
a transactional platform. As mentioned by the CEO: “We are developing marketing
tools because we now have a full-time marketing resource. We are creating a trans-
actional platform and technological tools to support sales. We are also more active
on social media [because of this staff]”.

By integrating a transactional platform, SME A needed to invest in technical
capabilities to support the connectivity and the dematerialization of the sales business
process. This decision is a digitization decision that helped it to respond to business
needs to improve sales and business performance.

For SME B, the availability of an in-house resource skilled in IT helped in the
deployment of all digital initiatives. The VP Operations and Engineering mentions
that “We are fortunate to have someone in IT who is forward thinking and believes
in it, so initiatives are often put in place ahead of time [compared to other enterprises
in the sector].”
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4.3 Innovation Initiatives

To survive and seize an opportunity in a new market, SME A and SME B conducted
innovation initiatives that allowed them both to develop innovative products. The
lockdown and the ceased activities allowed them to take the available time to figure
out how to innovate and restart their activities. They identified an opportunity to
rethink their business value proposition by innovating and integrating digital tech-
nologies, which gave them several benefits and brought challenges but also opened
their eyes to future developments.

4.4 Digital Transformation Benefits

During the pandemic, both SMEs innovated and implemented new technologies
(Table 2) to satisfy multiple requirements in their innovation process for developing
their new products. However, these initiatives differed from each other, as their
needs were also divergent, even if their new products were, in both cases, a piece of
protective equipment.

SME A identified technologies and acquired new digital production equipment
promoting the automation of the cutting function (with sensors) and established a
transactional website (e-commerce). The digital production equipment allowed:

e to improve production capacity by reintegrating operations previously done by
subcontractors,

to manage client demand by better-controlling production,

to reduce product development and commercialization time by making more
prototypes in less time,

to reallocate its workforce to more profitable products,

to obtain real-time data to support decision-making,

to increase productivity and operations effectiveness,

to raise the quality level of the developed product, and

to increase control over costs, deadlines, and quality.

The transactional website benefits were meeting clients’ needs within three days,
and

e increasing sales for products already in inventory.

For SME B, the need to manufacture specific components internally led to the
purchase of three 3D printers. This investment brought some benefits:

solving technical problems more quickly,

providing better guidance on corrections to be made before the “real” component
became available,

offering greater flexibility,

accelerating product development,

facilitating iterations during product development,
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having more possibilities to validate certain mechanical concepts,

e better managing technical risks, and
generating innovation in the processes that were beneficial to the manufacturing
of other products.

Other technology implementation projects included the creation of a transactional
website (e-commerce), integration with customer systems, and the implementation
of an Amazon Store. These initiatives allowed SME B to:

e meet the requirements for doing business with clients, and
e generate sales faster.

The integration of these technologies required improvements in technical, human,
and organizational capabilities to reach innovation on the product and on the process
and culminated in DT’s impact on the value proposition of the SME.

4.5 Challenges for Future Technology Development

The implementation of digital technologies has led managers of both SMEs to focus
more on this aspect for the future development of their enterprise. Managers are
wondering about artificial intelligence. The challenges (or unknowns) regarding the
possibilities of implementing new technology relate to two main aspects:

the approach to integrating this technology:

“I don’t know exactly how to get there” [R&D Director—SME A]

the balance of effort to ensure that the desired results are achieved by implementing
this technology:

e “We started hearing the word (artificial intelligence). It brought us a certain level
of curiosity. I read a lot about it, and I ask myself, what can we do with it? What
are we going to get in terms of contracts with clients? What are we going to put
effort into? We have limited resources with engineering. We are very few people.
At the end of the day, it’s about knowing, the time we put in. Does it pay off?”
[VP Operations and Engineering—SME B].

5 Discussions

The objective of this paper is to understand how SMEs that have successfully inno-
vated during the COVID-19 pandemic have evolved through DT and how it leveraged
value creation. Case studies were conducted in five SMEs to learn more about the
topic. However, only two corresponded to the research criteria: successfully inno-
vating at the product, process, and managerial levels by using emerging technologies
during the recent pandemic. We observed that during the COVID-19 pandemic, some



196 E. Mosconi and C. Blais

SME:s decided to innovate by introducing new products in a new market and imple-
menting new technology initiatives to help them achieve their innovation project.
However, during this period, uncertainty was high because many enterprises had to
shut down their activities, the supply chain was disrupted, and the usual way of doing
things was no longer useful. It was, therefore, necessary to integrate new ways of
doing things (Cukier et al. 2021).

The two SMEs invested in technology initiatives to compensate for the lack of
internal resources and for the inability of external suppliers to adequately meet their
needs in a changing environment. These innovation initiatives were mainly associated
with digital and physical triggers and helped SMEs accelerate technology integration
in their activities and processes. This accelerated digitization and DT allowed them
to counterbalance the slow and late adoption of technologies and implementation
of technological projects. It also contributed to generating product innovation more
efficiently and launching new products faster, thus reducing the potential loss of
resources. These decisions were crucial in helping SMEs achieve success in inno-
vation initiatives during the pandemic and in reducing the potential risk of failure
in projects. In the context of SMEs, because they are known to have more limited
access to resources than larger enterprises, it is essential to identify possibilities that
can help use the resources efficiently.

As DT goes beyond technological aspects (Bordeleau et al. 2021), the technology
initiatives implemented need to create value for the business to make the DT journey
useful. The two SMEs in our study used the pandemic context to rethink their business
model and to invest in innovation initiatives with the integration of new technologies.
By using internal capabilities to exploit these technologies, they were able to trans-
form their value proposition (product innovation), their business process (process
innovation), and their relationship with partners in the supply chain (managerial
innovation).

Following the S*4 DT framework, we observed that SME A and B’s journeys
required improvements of their building blocks based on technical, human, and
organizational capabilities to innovate in their products, services, and processes,
culminating in DT impacts on their respective value proposition (Bordeleau et al.
2021). The technology implementation projects and the innovation initiatives led to
changes in business practices and strategies and encouraged the SMEs to review their
business processes and their innovation and digital strategy.

6 Theoretical and Practical Contributions

The contributions of this research help understand how SMEs conducted innovation
initiatives to survive COVID-19 pandemic challenges by creating new products.
Also, in the two cases under study, DT accelerated and enabled new products and
processes since technologies worked as triggers that required new capacities and
generated innovation around value creation for customers and other stakeholders,
and society in the COVID-19 pandemic context.
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As theoretical contributions, we clarify the value created by digital technology
initiatives undertaken by two SMEs that innovated in a COVID-19 context. The inno-
vation leveraged by these SMEs’ DT journey provides a meaningful understanding
of how these decisions were beneficial and how they became resilient and improved
their readiness for the next generation of business.

In summary, we propose that DT and digital innovation in SMEs are deeply
linked. Digital innovation is generated by an innovation initiative: most innovation
projects use emerging technologies (triggers) that are currently integrated into prod-
ucts, processes, and managerial practices that create digital innovation; that is sparks
for DT.

DT is also guided by innovation initiatives: most redefinitions of business lead to
digital innovation as an integrated outcome of the journey based on the convergence
of emerging technologies explored and exploited by organizational, technical, and
human capabilities in organizations. They are interrelated and interdependent. Our
study observed that both DT and digitization are founded on the building blocks of
transformation, as suggested by Wessel et al. (2021), and that they also contribute to
catalyzing digital innovation.

For the practical implication, our results show that the DT journey is difficult
to navigate for SME managers, who are not always able to perceive and antici-
pate its impacts and challenges. All businesses, including SMEs, are experiencing
paradoxical choices. On the one hand, with difficulties and challenges related to
digitalization, disruption of the supply chain, and rapid changes in customer needs,
companies need to improve their processes and think about how they need to change
to remain competitive. At the same time, they must invest in DT initiatives even as
they struggle to capture the full potential of their transformation efforts or deliver a
satisfactory return on investment (Bordeleau et al. 2020; McKinsey 2022).

On the other hand, our results showed that the DT journey generates digital inno-
vation that creates opportunities and advantages for SMEs, all while generating huge
amounts of data. These advances will require new innovations to deploy artificial
intelligence to benefit from the data available, pushing businesses to invest in skilled
people and new organizational capabilities to absorb this new game changer across
many industries (Groger 2021). By understanding this dynamic, we recommend
practitioners and managers embark on continuous innovation. Therefore, our study’s
conclusions can motivate managers to implement digital technology initiatives like
those undertaken by the participating SMEs because they may better understand their
potential benefits and increase the organization’s resilience.

7 Conclusion, Limitations, and Future Research

Our research objective led us to document product-related, process-related, and
management-related innovations as well as the technology implementation projects
that culminated in a DT journey. We also observed their benefits and challenges to
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better understand the value creation of innovation initiatives in two SMEs during a
pandemic.

The COVID-19 pandemic challenges led these SMEs to rethink their business
model by investing in new technologies that helped them innovate faster and in
a way that used their limited resources more efficiently (Clauss et al. 2022). The
two SMEs had to compensate quickly for the changes in the environment: almost
every business was closed, disrupting the supply of components, even internationally
(Baig et al. 2020; Wenzel et al. 2021). These SMEs innovated in a hurry to survive
in this context but also to be in a better position (new market, new customers) after
the pandemic. The accelerated technology implementation projects allowed them to
counterbalance the low technological maturity level they had before the pandemic
(Baig et al. 2020; Cukier et al. 2021). The technology implementation benefits of
these initiatives create short-term value in these SMEs and hopefully for a longer
period since businesses have had no choice but to embrace emerging technologies,
new capabilities and skills and value innovation to become more sensing, smart,
sustainable, and social (Bordeleau et al. 2021). Doing so will help them to face
significant challenges and develop opportunities linking DT and digital innovation,
with no regard to the activity sector or business size.

Our study was conducted on only two SMEs, and the conclusions cannot be gener-
alized to the broader SME population. The exploratory nature of our research helps
to better understand the impacts and benefits of a DT journey. Conducting the study
in other contexts and with other SMEs (that experienced failure instead of success
in innovation, for example) could have led to other conclusions. For future research,
it may be interesting to document the benefits of emerging technologies such as
artificial intelligence, for example, implemented in SMEs as a spark for digital inno-
vation. It could also be interesting to follow a DT journey in a longitudinal study to
better identify trigger mechanisms, such as emerging technologies, to document the
challenges, failures, and benefits related to digital innovation. In this paper, there was
little discussion of how a DT journey can be helpful for businesses of the following
generation, as suggested by the DT S*4 framework. Further research could explore
the contribution of innovation around value to become more sensing, smart, sustain-
able, and social. Finally, DT appears to be necessary for today’s companies, including
SMEs that wish to innovate, stand out and survive in the current business context.
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