Proceedings of the 52nd Hawaii International Conference on System Sciences | 2019

Barriers to Digital Transformation in Manufacturing : Development of a
Research Agenda

Kristin Vogelsang,
Kirsten Liere-Netheler
University of Osnabriick

Sven Packmohr
Malmé University
sven.packmohr@mah.se

Uwe Hoppe
University of Osnabriick
uwe.hoppe@uos.de

[firstname.lastname]@uos.de

Abstract

Digital Transformation (DT) is expected to have a
massive impact on different branches and even
societies. In the manufacturing industry, value creation
processes change as information and communication
technologies merge with production processes. The
change may enable efficiency gains and new business
models. However, many firms still struggle to drive
their digital transformation forward. To understand the
barriers which hinder or even stop DT is essential for
the successful transformation. Our study aims at
identifying the barriers on the basis of 46 expert
interviews. These practical insights are further used to
develop a research agenda. To determine the research
gaps, we conduct a literature review on the topics
mentioned by the interviewees. Thus, we contribute by
first of all identifying major barriers which can
support firms by reflecting their DT. Moreover, we
give an outlook for researchers on possible future
exploration. So, we bring together perspectives from
research and practice.

1. Motivation

by redefining business processes and relationsiyps”
p. 651]. The use of information technologies (IT)
changes workflows dramatically [5].

For a successful DT, these trends must be taken up
by the enterprises’ strategy [6], [7]. DT impliesw
ways of combining products and services [8]. New
business models such as digital platforms emerfe [9
[10]. Competitive advantages can be achieved nygusi
real-time data to monitor and optimize processés. [1
Enterprises expect major long-term gains in efficie
and productivity by applying DT [12]. The improved
working conditions also affect employees, theiresol
skills and job descriptions [8], [13].

Besides changes in production, the communication
and interaction with customers and suppliers mittst |
up to new and modified contents and services [14].
Customers are getting more integrated into value
creation processes [15], [16], e.g., via digitatfdrms
[9], [17]. They benefit from new products and seed
which improve the quality of their life [12]. Thditity
of real-time tracing functionalities also influescthe
interaction with suppliers [18]. In sum, DT affects
people, processes, and products on all levels [19].

However, these (desired) alterations are also dinke
to risks [6]. Many firms still struggle to realize
transformation potential due to different barrig26].
The development, implementation, and diffusion of

The increasing digitalization massively shapes the new digitalized processes face many complications

actual and future industry and industrial proceg&gs

[21]. Especially firms from the manufacturing inthys

The implications of technology and the change & th struggle with new technologies compared to morkeagi
way of working in manufacturing are known under sectors like entertainment or IT [22]. Less innoxat

different terms like the “second machine age” [2].

firms also tend to underestimate the effort to push

describes the opportunities by “combinations of innovation [23]. Companies need to be able to céfle

information,  computing, = communication,

and these challenges. Otherwise, barriers can hinder th
connectivity technologies” [3, p. 471] (like cyber-

realization of DT or even lead to a complete failur

physical production systems and the Internet of Although barriers research is already a topic lateel
Things). The core of digital transformation (DT) in areas like innovation management, recent findings

manufacturing is the overall digitalization and s3©0
linking of the value creation process. Informatiamd
change However, these are all bound to specific techne®gi

communication technologies join and

cover only partly the field of DT research. Listé o
barriers in specific contexts already exist [224]f

production processes. So, to transform means toFor our research, we follow a more holistic viewnfr

“fundamentally alter traditional ways of doing busss
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less common than research on success [23], [25]. Our research consists of two sequential phases (see
Critical success factors are defined as “those fewfigure 1). Phase one is marked by qualitative nesea

things that must go well to ensure success” [28,7p. based on interviews with practitioners. As a resud

We define barriers to DT as the absence of sua@ess deduce major barriers to DT from the qualitativéada
those few things that can hinder or stop the successful and categorize them (practical perspective). In the
implementation of DT. In accordance with the following phase two, we use the findings from thetf
creativity technique called thinking in worst casess phase to develop a system of keywords for a libeeat

essential to understand a negative situation ieroial review (research perspective) that mirror the
evaluate potential risks [27]. In this case, significant fields of barriers deduced. After tmeeinse
understanding the nature of barriers, their rooid a literature study of the selected fields, we devetop
stakeholders is important to be able to counteract. comprehensive research agenda (multiple

Our study aims at (1) the identification and perspectives).
description of key-barriers to DT in manufacturigd
(2) the deduction of an agenda of questions 0 beg phase | — Deduction of barriers to DT in
answered by practitioners and researchers in daler .
defeat the obstacles. On the base 46 expert iptesyi manufacturing
we will detect and describe current barriers from a
merged holistic view. Furthermore, we use the Which factors disturb the digital transformation
identified barriers to formulate keywords for the Process? Who is affected and which implications do
deduction of the research agenda. Researchers caficcur? There is only little specific research reigay
profit from the distinct description of the barseto ~ the nature of barriers to DT. Following a qualiteti
DT. Future findings can easily be aligned to acaral ~ @pproach, we aim to understand “what is going on in
further studies. Practitioners from industry cae tiee ~ the minds of the participants [and what are their]
results to understand and detect obstacles of Dielis ~ Views, thoughts, feelings, intentions, and expessf”
as deduce action plans for a successful transfwmat ~ [30, p. 33]

In the next chapter, we will describe our research
approach. The 2 phases of the study are presentd o 3.1. Method phase | - Qualitative research
by one: 1. by explaining the method used during the

phase and 2. by pointing out the results. Finahjs Semi-structured interviews with experts from

paper describes limitations and gives an outlook. manufacturing companies were conducted to identify
major barriers. We carefully arranged the sampli wi

2. Research approach a clear focus on the interviewee's experience &até s

of DT of the enterprise. The interviewees were
identified mainly by calls in social network groups

It is the goal of the study to combine perceptions deali ith d X
and actual problems of practitioners with recentligts ealing wit DT.‘ Intereste conversation partners
contacted us directly and received the project

to trigger the reciprocal exchange between research

and practical experience. As there is a lot of ephgeal maflcr)t:(r;ri]a;gtns ?:r(;ﬂI(Ijn?r?r;/l;?a\l\;irc'ls,l':esigon;\./asluoét:eh?rgzim
research about the future potentials of DT [3],][28 P P P

[29] rather than analyses based on real data from2S possible interview partners. Afterward, we gattie

. . information about current projects in the companits
enterprises [20], we expect to gain a common the projects had a significant impact on the value
understanding of major barriers to DT. Furthermore, broj 9 b

. . creation process of the firm, the interviews were
we will clarify the need for research to overcorhe t L .
. . conducted. Data from 30 participants were gathared
barriers to DT for enterprises.

a first round. To check theoretical saturation [34¢
‘ ] | ] collected data from 16 more participants. As nohfer
Phase 1 Phase 2

impulses could be observed, we assessed the dats se
useful for our purposes. We preceded the 46 irderyi

o . in 31 different enterprises in various (manufactgyi
%‘;aslét::c';’\e L';Z'\'I“’:telxe industries. The dominant industries were automadffve
companies) (abbreviations Aul-Au7) with mostly

u d u original equipment manufacturers and agriculture (8
Categorized Research companies) (AC1-AC8) with agricultural machinery

Barriers Agenda manufacturers. Moreover, we spoke to employees of 3
) firms from the plastics industry (P1-P3), 3 firmmerf
Figure 1. Research approach the steels industry (SI1-SI3), 3 service providins

Result

Page 4938



manufacturing companies (S1-S3), 3 consultants (Cl-explained their concerns in detail. Examples of¢he
C3) and 4 other manufacturing companies (OM1- statements can be found in the next chapter toagxpl
OM4). Most interviewees try to digitalize their the identified barriers. All authors were permahent
production processes and work on the vertical involved in the research process of data generatich
integration. Some also offer products for this analysis. This led to a repetitive induction and
integration or consult on this topic. In sum, wesh a discussion of concepts [34].
well-mixed sample including different roles and a
variety of industries to get a broad picture from 3.2. Results phase | - Identification of barriers
different perspectives. According to Yin [32],
variations are helpful to collect a broad range of  \ve identified several barriers. To reduce the
possible impressions within the data. We talked to complexity, we aligned the findings into five difémt
people from the executive boards, managers, warkerscategories that mirror the primary fields of attentof
and consultants to gain multi-level views of the the interviewees and the areas in which the problem
barriers occurring to DT. Most of the enterprises are noticeable (see table 1). The categories adbexe
already implemented digital technologies succesful socio-technical perspective [21], [35].
or/and were involved in digitalizing their processand
products. Table 1. Major barriers to DT
All interviews were recorded, transcribed and
trans_lated for resear_ch purposes. The interviews[ g5 rrier Scope | Code
consisted of three major parts. Each of the pagis h
one primary focus and several follow-up questions
[33]: Missing skills
(1) introduction of the interviewee and description
of occurred changes in the companies' processedue
DT (e.g.,, How did you start your DT? Which |Technical

IT knowledge

information about and decision on
technologies

process knowledge

dependency on other technologieq

technologies are in use already? What else are you parriers security (data exchange)
planning?); current infrastructure

(2) free narration of the actual situation of the Individual fear of data loss of control
digital transformation in general and DT barrieesy(, barriers fear of transparency /acceptance
How do new technologies change the way of working? fear of job loss
What eases/ enables the use of new technologiesy keeping traditional roles/principles
Which other changes were expected/ hoped for? Whyf no clear vision/ strategy

did these not happen yet? Which are the major
barriers? Do you perceive inhibitions regardingr [fo
example] more collaboration/ agile working?);

Organizational | resistance to cultural change /
and cultural mistake culture

! . barriers risk aversion
(3) subsumed report of three major barriers to - -
digital transformation lack of financial resources
' lack of time

The follow-up questions reflect characteristicafro _
the DT definition. If participants did not talk ao | Environmental | lack of standards
specific topics, the interviewer used the charésties barriers lack of laws
to phrase follow-up questions.

As we define barriers as those few things that can  Most of the interviewees mentioneussing skills
hinder or stop DT, we openly coded the third pdrt o The focus here is on IT knowledge as informatiod an
the interviews. The interviewees were asked to namecommunication technologies are more and more
three major barriers to DT. By this, we were alde t integrated into production processes. “Especially
reduce the complexity down to the main problems our mechanical engineering companies are missing
interviewees see. Many of the subsuming statementssoftware- and IT knowledge.” (OM4)They report a
contained not much more than a word. For longer lack of “necessary competencies in informatics” $u
statements, we assigned codes to the data. Wend “technological shortcomings” (AC2). Moreover,
iteratively revised and discussed the barriersiwithe process knowledge is becoming more important
research team. For the discussion and deepebecause DT cannot be successful “if you implement
understanding of barriers, the free-narration pathe the new technology without questioning your
interviews was analyzed by a coding process of processes.” (AC7) Besides these more specificsskill
relevant statements (using the barriers identified

before). These were useful because the interviewees L ] .
Abbreviations for case companies were presentsddtion 3.1.
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companies also do not know “which possibilitiesythe "People who say, we also did it this way before] @n
have [with digital technologies].” (Au7) “The seabn worked" (AC4) is a typical statement regarding
topic is the lack of transparency regarding thiwgsch innovations. "From a market perspective it is the
are already possible today or the huge range ofkeeping up to proven [methods] or self-developed
technologies.” (Aul) “We also need to change our [technologies]. You need the courage to rethinkryou
education system [...] because we need special gkills business model." (Au5) The interviewees lament a
the future.” (SI1) "missing of cultural change" (Au5) and state itais
Technical barriers show that the use of single problem "if, in the end, you just don’t know wheoe
technologies is not enough to be successful becausgo and how to put it into practice.” (C2) Moreover,
these are dependent on other technologies like “[...] enterprises must develop a culture of mistakeshithv
mobile data. No matter if this affects the internal pilot projects are a part of a trial-and-error noeth
infrastructure or the infrastructure outside.” (OM5 “Working more agile. [..] Of course making mistakes
Moreover, “data security” (OM1, SI3) is mentionesl a accept mistakes and forgive mistakes is important.”
companies are worried about “hacker attacks” (OM2). (SI1) Especially in traditional branches like thteed
This is especially relevant because of an incrgasin industry, implementing changes is difficult.
exchange of information. “Security in the meanirfg o Finally, we identified environmental barriers.
exchanging information with customers and suppliers The interviewees mention a “lack of standards” (QM2
(P3) So, theft of market relevant information by OMS3, Aub5). “We need to agree on standards how to
competitors is becoming more likely. Moreover, exchange the information. | cannot tell someone, |
hackers could shut down entire factories because th need this format and tell the next one anothers Wil
machines are connected via the internet. The durrennot work.” (Au5) The interfaces to suppliers in the
infrastructure was also mentioned as one of theethr automotive industry were an important topic for all
major barriers. “Especially if you have machineatth respondents from this industry. In particular, daeral
are a bit older, the conversion is not worth iAC@g) providers could suffer and be left behind. Moregver
One of the most mentioned topics implies fears andlegal foundations that cover the transnational tdigi
acceptance problems afdividuals, like “skepticism legal space are needed. “There are legal problems.
of customers” (OM3, Au6) regarding changes or Maybe you need the contract processing done by the
missing “acceptance of people” (OM1, AC2, OM5) in technologies.” (OM2) The whole “works agreements
general. This impedes the work as fears are often[represent a barrier and have] extended the project
“diffuse” (Au5) and thus hard to handle. The duration” (Aul). Traditional ways can hamper the
interviewees report fears they perceive. “To be too implementation of prototypes and the new way of
transparent and connected.” (C2) “We have a lot of working.
company-related and personal data [...] This means: Interviewees from the automotive sector mention
we could theoretically check why colleague A most problems in the field of technical and
produced more than colleague B. This is a hugeorganizational barriers. Environmental threats are
problem with our workers' council." (Aul) So, the predominantly regarded in the service industriegte
transparency regarding performance could lead t@mo manufacturing sector. All barriers identified lesal
monitoring of work. “People dislike the connectiand either one of three different reactions. The intmmees
ask themselves: what happens to my data.” (C2) Thissense the feeling of (a) missing something (e.g.,
impacts users inside the company but also customersupport, training, resources), (b) fear (the new
who use connected devices. These devices are mainlgevelopment) or (c) react with resistance to change
used in agriculture, where collected data are used against the implications of DT.

monitor and control the processing of farmers' good All barriers are distinct but mutually influencecka
Finally, the loss of jobs is a discussed topic. fia  other. For example, the lack of standards and laws
think that the digitalization means a loss of thebs.” leads to fear of losing data which can impact the

(AC8) Although the job loss was mentioned as an cultural change and the risk aversion of the corppan
actual fear, many interviewees believe that in most

cases jobs will rather alter than vanish. "Autowrmati 4. Phase |l - Deduction of a research
technology always means that workplaces will change _’

[...] We try to balance efficiency gains through gtbw agenda

and new products. So, in the end, those workinggsla o o

do not disappear but change.” (OM1) We use our findings as a guideline for a structured
From the Organizationa| perspective, cultural literature review. To the best of our knOWledge,rmiS

barriers, like keeping up with traditional roles, recently no current stream that deals with barrters
principles or working conditions, hampers the DT. DT. Thus, we collected barriers based on the
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perceptions of the interviewees and combined theseresearch areas and excluded research from roughly

with actual research within these subfields. Thisai
merge ofwhat people sense and howdoes research

related fields like e-health, library managementeer
government. We excluded articles not written in

deal with these barriers. This second phase aims atEnglish. We identified 260 research papers whicrewe

detecting what is actually done and what still rseed
attention in research to overcome these barriers.

4.1. Method phase Il - Literature review

analyzed. The dominant publication organs were the
MIT Sloan Management Review (13 articles) and the
International Journal of Production Research (8
Articles). Many contributions appeared in more than
one research field. We take this as a proof oktheng

Literature reviews are an established method tointercorrelation within the identified fields asethall
discover what other researchers have achieved.rEve P€long to the socio-technical aspects of software u

more importantly, it allows them to perform

[21], [35]. In a second step, we went through the

incremental research by building on what other articles and dismissed those without relation t@ ou

researchers have done” [38Ye developed the search
terms for the review of recent literature on theebaf

the findings from the barriers named by the
interviewees. According to the identified fields of

major fields of barriers. We additionally conducted
forward and backward search and complemented the
results by literature from the barriers to innowati
research. Significant research contributions were

barriers, we deduced a set of relevant buzzwordsSelected to deduce the research agenda. As it atas n

combining the research streams: digital transfaonat

our aim to give a most exhaustive overview of the

and barriers to DT research. We enrich the field of 'ésearch fields, we will present the major articles

“digital transformation” research with similar capts
with a focus on manufacturing. Therefore, we used t
terms "digitization", "Industry 4.0" and “smart

factory”. These were combined with terms deduced

identified in the next chapter. We also focus oa th
articles which already identified research gapbuiibd
the agenda on these results.

from the barriers. Table 2 gives an overview of the 4.2. Results phase Il - Research agenda for DT

deduced search-terms used.

Table 2. Deduced keywords related to barriers

Field Keywords
education, skills, worker,
employee, career, job growth,

human resource

Missing skills

Technical interdependency, security, safety,
barriers interface, integration
Individual acceptance, TAM, a(_joptlon,

. transparency, fears, job loss,
barriers

threads, dark side
organization, strategy, change

Organizational

and cultural resistance, inertia, culture,
barriers mistakes, barriers, risk, investment
Environmental
. standards, laws
barriers

The developed research agenda orients on the
dimensions used before (missing skills, technical,
individual, organizational and environmental basg)e
A table with the identified topics (T.) and resdarc
questions is presented for each dimension.

Missing skills are a central barrier to DT. On an
organizational level, companies have first of all t
know, identify and choose fitting technologies fioeir
business from diverse fields. A digital agenda lcalp
to align the technical change with the strategy.[2h
an individual skill level, schools and universitigay a
significant role. To train the learners properlet
education of teachers and the integration of ugefls
in the classes are critical [38]. New opportunities
the design of teaching arise. Everybody has the
opportunity to educate oneself further by usingrenl
offers [39], [40]. Massive Online Open Courses
(MOOQOC:s), for example, offer new potential. Stiliete
are deficiencies regarding the quality assessmént o

We used ProQuest as a relevant database for I1Snese offers [41]. E-learning is also becoming more

research including many of the most important jaign
[37]. The different compositions of terms were
searched in title, keywords or abstracts by ushng t
field ‘topic’. We conducted the search by May/June
2018 and limited the searching period to the laste
years (2015-2018). We consider this brief periotheo
valuable for this study, as we aim at insights abou
current knowledge. To stay focused on the

important in education at the workplace [42]. Ty

of teaching can be one answer to the rapidly clmangi
needs for technical education. Collaborations betwe
human recourses (HR) and universities should be
fostered [43]. Technical skills in areas like opieras
management, and  product-service  innovation
management need to be (further) developed [44].
Digital guidelines in the sense of compliance

management and IS perspective, we restricted theagreements may reduce the risks that come up heth t
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increasing interaction [45]. A general categorizatof
skills and best practices how to react and teagbetin
time are still missing.

Table 3. Research agenda on missing skills

Examples of research questions

How can IT skills be trained at school?
Which impacts (positive and negative) do
result from this?

What is the future role of schools for lifelon
and immediate learning?

How can digital opportunities be used f
education and fast-changing needs?

How do organizations and individuals
evaluate the quality of MOOCs and find
decent offers?

Which factors foster collaboration betwe
universities and companies in education?
How can skills be categorized, so that they
become useful to develop curricula?

How can missing skills be identified by tim
and taught immediately?

Which steps are necessary for firms to
identify appropriate technologies?

How could compliance agreements minim
risks?

Schools and |
universitie:

Forms of
educatin

en

Reali-
zatior

Strategic
ermrbeddinc

The field oftechnical barriers, investigated in the
context of DT, is very diverse. As our interviewees

oo What are the impacts of open API's?

g g| Can open API's lead to dynamic capabilities
— *7| and strengthen competitiveness?

n | Do requirements on communication protocols
) X

@ 5| change?

2 % How can uniform identification and
= 2| authentication be ensured and controlled?

In the field ofindividual barriers, we summarize
the fears of employees that occur by the unceptamt
the field of DT [50]. DT is often regarded as aeihir
[19], [51]. Calitz et al. [52] prove that this féaness
is not limited to the western world. Barriers camyo
be overcome if one not only looks at the symptonits b
also recognizes the causes [53]. The research draws
attention to cultural differences in human-robot
interaction [54] and asks to include cultural value
improve DT success [55]. Socially acceptable sohgi
have to be developed [7], [29] to overcome the igerr
of job loss [56], transparency [44], [57] and
overstraining, as well as to increase the personal
acceptance of DT technologies. Some authors suggest
the integration of change management, for example b
using change agents [58], [59]. To involve empleyee
and provide a culture of innovation is critical [6We
assume there is a common understanding regarding
individual barriers to DT. Overcoming barriers by
focusing on lowering the resistance to change is a
critical point [61]. On a general level, researsher
already know what should be done [44], [62].
However, there are only limited findings of exigtin

state, wireless networks are considered as succesBest practices on how to deal with acceptance prosl

factors for DT. Topics like communication protocols
and dynamic topologies are identified as crucislrie
research [46]. This will foster the integration of

and prepare employees, e.g., by expedient traiiifey.
draw attention towards the question of how theriutu
workplace will look like.

technologies and machines. More approaches dealing

with the interplay of many different technologiesutd
be promising for research and practice. Regarding

Table 5. Research on individual barriers

interfaces, the rapid emergence of open APIs is
investigated [47]. A critical discussion of secynits.
openness is ongoing [48]. Interoperability has & b
assured, and authorization, as well as autherditati
issues, need to be managed [49].

Table 4. Research agenda on technical
barriers

Examples of research questions

Which new security issues come up by
implementing higher vertical integration?
How can interoperability be assured?

Security |+

Examples of research questions

Which factors foster the acceptance and lo
the uncertainty of DT?

Which tools and methods are useful
integrate employees in change process
What is the role of change agents?

wer

to
es?

Fear and |+
acceptanc

How can HR develop methods for lifelong
training?

What will the training of the future look lik
to make it easier to get used to aris
technologies?

Training

How can future workplaces be designed?
How can human-robot interaction
designed in the sense of a trust

Workp-
laces

cooperation?
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Within the fieldculture and organizationresearch  database when common interfaces are used [10], [17]
is done on the effects of digital transformation on [71]. Creating standards or following existing orfi&s
organizations but also markets. First approaches tois a question of strategic orientation. The roleopén
measure the impact on organizational performan8k [6 standards is linked to the discussion about prgpert
came up, whereby more general approaches are stilfights in a digital world [69], [71]. Furthermoregw
missing. As DT leads to higher integration of ways of work (e.g., crowd working) need a new
customers [15] and collaborations between companiegudicial background [72]. International cooperation
[7], impacts and necessary conditions need to befocusing on common laws in the field of digital
investigated. Roles play an essential role to resrtiee transformation is not yet in focus.
potential benefits provided. For example, the role
the chief information officer (CIO) is discussedT Table 7. Research on environmental barriers
not only the goal of the CIO but needs the attentib
the whole management board [64]. Others suggest Examples of research questions
implementing a new role - the chief data officeD(@) What is the future role of legacy, law, and
to focus more on opportunities of collecting andchgs governments in a digitally transformed
data [65]. A clear job description and the world?
organizational integration of the role, measuredtby Where will property jurisdiction regarding
responsibility, are necessary. This may help to data take place? Who owns data rights?
minimize the risk that comes up by changes. Still, Who is responsible for the development,
responsibilities and thus strategic impacts ardeanc implementation and quality management|of
Furthermore, barriers such as a lack of financial DT standards?
resources and a lack of time are regarded as a
somewhat practical problem [66]. Resolving these  The summary of Tables 3-7 represents the research
barriers is also recognized as very complicated andagenda. The agenda combines what the interviewees

-

Laws

Stan-
dards

thus an obstacle for firms [67]. perceive as a barrier to DT and where the research
o . needs to increase or offers no reply yet. Though we
Table 6. Research on organizational barriers followed the classification shown before, we reques
. more research that combines different scientific
T. | Examples of research questions disciplines as a cross-fertilize network.
. Which kinds of collaboration will arise
% 5 gggzlcdégng technical, social and legal 5. Conclusion and outlook
T ’ - ol
8 =| How do new roles of customer arising witHin

We analyzed barriers towards the digitalization of
enterprises in manufacturing. Any barrier in trediof
DT leads to a slow down or complete termination of
the digital change in enterprises. The resultshig t
study rely on the base of a qualitative analysi$&in-
depth interviews in combination with detailed lgarre
research. We gained several significant barrie®To
The identified barriers are grouped into individual
organizational, environmental and technical basris
well as a lack of skills. These fields are all elys
related which can also be learned from the socio-
technical approach [35]. Our findings from the
literature research prove the mutual interrelation.
Research approaches actually name the fields ioihact
role. In comparative case research regarding theofis  PUt the integrating view is still outstanding. Tées,
digital twin technologies, Rodi[68] states: especially fOr €xample, a declared need for better educatiah a
larger enterprises suffer from a lack of technical SKill training (individual) to improve the digitahange
standards and interfaces [69]. More interdiscipjna Mmanagement (acceptance, organization), but we could
cooperation between research and industry is not |(_jent|fy a trainers’ skill profile gained fromest
motivated [68], [70]. The definition and applicatiof practices. _
standards could lead to safety improvements [52]. [ Though we carefully conducted this research, there
Others see the threat by giving access to the own@re limitations to our work. The classificationdrthe

DT look like?

What is the effect of the CIO/CDI regarding
best practices and strategic alignment of DT?
Which responsibilities do the CIO/CDO negd
to be given? Do conflicts with other
management roles occur?

Who is responsible for the culture following
and fostering the technical change?
What is the impact of DT regarding the
organizational performance?

Role of
ClO/CDC

Perfor-
manct

The environmental barriers also play a central
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five research fields was a result of discussionshef
authors. Maybe other fields could be identified whe
looking at different companies implementing DT. We [9]
see the fields as a guiding start for more research
barriers to DT. Moreover, it could be of great wato
combine the findings of this study with case study
research focusing on the overcoming of barriers and[lo]
the development of best practices. The researaidage

was developed by identifying research in the défer

fields. Thus, this study is also limited to theices

found. As DT is a prominent topic, we only searched

for articles published within the last three years. [11]
However, there is no guarantee that research psojec
have already started trying to answer these questio
The agenda is nevertheless useful to guide ressarch
to look for challenges which actually occur in pree [12]
at the moment.
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