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Abstract

The German engineering sector is one of the most
prominent industries in Germany in terms of revenues,
the number of employees, and reputation for the “Made
in Germany” brand. In this industry, digital
transformation (DT) has become a significant trend. DT
is more than optimizing internal processes by digital
means. It entails the offer of digital services and
products and the enhancement of customer experience.
Complex barriers need to be overcome to drive this
transformation forward. Therefore, our study analysis
the organizational barriers to DT within the German
engineering industry. We follow a quantitative
approach to gain insight on organizational barriers by
a comparison of digitalized and less digitalized
enterprises and their DTs. Our research demonstrates
that digitalized enterprises perceive lower degrees of
certain barriers in leadership, culture, employees, and
skills, which are essential parts in a socio-technical
view. However, there are still barriers that digitalized
enterprises are struggling with.

1. Introduction

Digital transformation (DT) has an ubiquitous
impact [1]. It will fundamentally change the way
enterprises and societies operate and collaborate. Digital
goods and services have become the norm [2].
Enterprises that are not adhering to this norm, lose a
source of competitive advantage. Research describes
DT as the reinforcement of an enterprise’s competitive
advantage [3] through workplace improvements [4], or
successful implementation of business models [5].
Nevertheless, organizations struggle with the
opportunities and threats introduced by DT [6]. DT is a
complex phenomenon. The comprehension of the wide
variety of technologies, stakeholders, and differences
between the application areas is challenging. Effects
differ based on the intensity of interaction between the
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individuals and technology and interfere with the
progress [7]. In the present study, we define all negative
effects, difficulties, challenges, issues, or problems as
barriers. Barriers are “those things that hinder, slow, or
stop the process of DT” [8].

In particular, the impact of organizational barriers
is significant on the DT within enterprises. Vial [7]
drafted conceptual building blocks of a DT. He linked
organizational barriers and structural changes to the
changes in the value creation paths. Thus, our work
focuses on organizational barriers that affect the DT of
companies. These barriers are especially critical since
the organizational structure aims to solve the tension
between technological opportunities and strategic
requirements [9]. Decision-makers should be informed
about potential threats to DT. Knowing their origins and
describing them [10] would help managers intervene
and apply adequate solutions. Thus, our research
question is determined as follows: What is the
difference in organizational barriers between two
subsets of German engineering enterprises with
differing degrees of digitalization?

This research contributes to the development and
testing of barrier models. As DT is an evolving field,
qualitative methods are prominent. Our approach
follows a call for more quantitative research within
digitally related subjects [11] to validate the impact of
barriers. A more rigorous approach can help decision-
makers in companies to identify critical barriers and
implement solutions.

The article aims to measure the impact of various
organizational barriers on DT of enterprises being active
in the German manufacturing sector. The manufacturing
sector is a significant source of wealth for the German
economy. During 2020, it generated € 2.1 billion in
revenues, employed 7.4 million individuals, and the
staff expenditure rate was 18.9% in the industry [12].
According to the German Industry 4.0 initiative [13],
companies in this sector are pushed in their DTs.

In a pre-study, we investigated the barriers affecting
a DT [8]. The study included 46 qualitative interviews
with users and decision-makers working in German
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engineering enterprises and being experienced in the
field of DT. Based on the collected data, we converted
barriers found into hypotheses and measurement scale
items with an organizational approach [14]. Since the
tension between technological and social factors lead to
organizational barriers, we adopted a socio-technical
approach [15, 16]. The quantitative study data were
collected with the above-mentioned scale from 151
participants working in German engineering enterprises.
Then, the data was divided into subsets of digitalized
and non (fully) digitalized enterprises to analyze their
differences. The focus on one sector allows us to isolate
specific experiences of companies within German
engineering. The statistical analyses were conducted on
the findings with the Mann-Whitney U test to determine
the differences between the subsets.

In the next section, we will present the theoretical
framework of the study. We will introduce the research
approach, followed by the data collection results. Then,
these results will be discussed, and the conclusion
section will include the contribution and limitations of
our findings.

2. Theoretical development

DT has become a buzzword with a multitude of
definitions. Reis et al. [17] aggregated various
definitions of DT into “the use of new digital
technologies that enable major business improvements
and influences all aspects of customers’ lives.”
Technology, business, and customers are the three far-
reaching elements, indicating the complexity of DT.
Vial [7] decomposed several definitions of DT and
identified the four elements as target, scope, means, and
outcome. Based on these elements, he defined DT as “a
process that aims to improve an entity by triggering
significant changes to its properties through
combinations of information, computing,
communication, and connectivity technologies.” To
further explain the concept of DT, Vial [7] defined eight
building blocks. The most central element was
determined as the changes in value creation. These
changes are enabled by the employment of digital
technologies but are also affected by structural changes
and organizational barriers. A related term to DT is IT-
Enabled Organizational Transformation (ITOT). The
difference between both is that DT is inducing a new
organizational identity because digital technologies
reshape an organization’s business model. In an ITOT
digital technology is supporting existing business
models leading to a reinforced organizational identity
[18]. Thus, DT is the more complex endeavor and
requires a more holistic approach. As it ‘“changes
business elements, including strategy, business model,
business processes, organizational structures and

organizational culture” [19]. A multidimensional
framework of DT links contextual conditions,
mechanisms, and outcomes. Contextual conditions are
to a high degree external and trigger mechanisms within
an organization leading to outcomes for the organization
and side-effects for other stakeholders [20]. Thus,
within the mechanisms, there might be frictions.

To measure the degree of a DT, researchers
developed maturity models. Within manufacturing,
digital technologies can be used to enhance production
techniques or they can be built into the product. If the
production shifts focus to a more digitally-supported
one and if the orientation within the value creation
becomes more service-oriented, a fully digital
transformed enterprise evolves. The maturity of the
product realization and product application can range
from being digitally aware until being a data-driven
enterprise [21]. This observation coincides with the
distinction between ITOT and DT. Awareness as an
ITOT-approach might lead to discrete enhancements of
business models and reinforce an organization. Whereas
DT provokes a profound change in business models and
a renewal of organizational identity [18].

DT presents both a threat and an opportunity for
existing organizations and should be managed
adequately [10]. Leaders should consider the obstacles
and facilitators to guide the organization through the DT
process. Close observation of the barriers is especially
critical, as they might obstruct or slow down the DT
process [8]. Initial study findings on barriers were
conducted in the field of innovation research [22], which
evolved into DT research. Often, barriers are associated
with a specific technology and are represented as simple
lists. E.g., Bilgeri and Wortmann [23] identified a list of
barriers that obstructed the employment of Internet of
Things technology. In some cases, researchers
developed certain barrier classifications in different
contexts by aggregating data into clusters [24, 25].
Comparing six different studies on barriers to DT, the
organizational aspect plays a major role. Interestingly,
the technical aspect is not as present [26]. Often, internal
and external views revealed a pattern within barrier
classifications. Internal classifications represent
obstacles associated with resources and supply, culture,
and people, time, and IT systems. Also, management
issues, such as strategy and organization, were
represented [27]. Barriers are used as a concept in
technology-enhanced business models [28, 29].

Managers should scrutinize the barriers to DT and
find ways to overcome them. The key is to build up
capabilities [30] that address the barriers and turn them
into facilitators. Corporations can acquire a competitive
advantage by the employment of these facilitators.
Often, one approach is to focus on positive factors such
as strengths and opportunities in strategic planning to
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gain a competitive advantage [31]. As DT is ubiquitous
with complex barriers and facilitators, an ambidextrous
approach should be considered. Barriers and facilitators
are interrelated. If the intra-organizational DT process
evolves or external conditions change, barriers may turn
into facilitators [32]. Research on both barriers and
facilitators is of equal importance to achieve a holistic
perspective towards the evolution of DT processes.

The barriers concept has been applied in various
fields of research. Frequently, results are shaped by the
employment of a specific technological lens or specific
stakeholders [33]. Based on a list of barriers and initial
solutions, researchers investigated the methods that
different organizations considered in the adoption of
new technologies. In our study, we derive hypotheses
from a list of organizational barriers, convert these into
items, collect the associated data, and test the data
against the hypotheses. We applied this research
procedure to data from the engineering industry. By
focusing on a specific industry, we could compare the
findings of our previous and our present study.

3. Research design

In the present study, we built on existing qualitative
results from a pre-study. With the help of the qualitative
results, we developed hypotheses and constructed a
questionnaire. In a quantitative phase, we then tested our
hypotheses using this questionnaire.

3.1. Pre-study

We conducted 46 semi-structured interviews with
corporate DT experts using an interview manual
developed in a previous study [8]. The narrative-
oriented questions aimed to determine the DT status
general and the barriers to DT based on the
interviewee’s perspective. The sample was assigned
with the purposive sampling method [34] based on
personal networks and professional network sites.
Respondents who were employed in various positions
were assigned. The 46 interviewees were employed in
31 enterprises, mostly in the manufacturing sector and
automotive, agricultural engineering, plastics, and steel
sector. Also, manufacturing services and consulting
services firms were included in the sample. An
overview of the interview sample is presented in Table
1.

We transcribed and openly coded the data from the
interviews with the web-based tool Qcamap [35]. In the
process, one hundred and eighty open codes about
barriers were identified. The codes were iteratively
revised and clustered. As a result, external,
organizational, individual, and technical barriers were
derived based on the interview clusters.

To improve the interview findings, we focused on
the quantitative analysis of the organizational barriers in
greater detail. We derived hypotheses and questionnaire
items based on the organizational barrier cluster
elements [36]. For the item development, we oriented
towards the proposed procedure by MacKenzie et al.
[14] and double-checked existing scales for
organizational change [37].

The developed questionnaire included a section
where the socio-demographic attributes of the
participants were asked. The main section aimed at
determining the participant perceptions on the DT and
the organizational barriers. It included 14 items on the
DT process and DT barriers measured on a 5-point
Likert-type ranging from “I disagree” to “I agree”.

To gain deeper insights, participants had the
opportunity to give open-ended answers in the
questionnaire on their perceived barriers more
specifically. We will pick up on these in the later
discussion for a better interpretation of the quantitative
results.

Table 1. Interview sample

Industry Positions N
Auto- Head of R&D, Engineer, Digital | 14
motive Manager, Managing Director
Agri- Head of Quality Management, 9
culture Managing Director, IT Manager,
Operations Manager,
Plastics Head of Production, Head of 5
Industry R&D, Shift Supervisor,
Engineer
Steel Managing Director, Head of 4
Industry Production Intelligence, Head of
Product and Innovation
Services Information Manager, IT 3
Support, Managing Director
Consulting | Consultant 3
Other Business Development
Manu- Manager, (Deputy) Operations
facturing Manager, Chief Technical
Officer, Head of Production

3.2. Main study

To collect the quantitative data, we called
professional social media network members and asked
for their participation. The shout-outs were specifically
directed at employees in the automotive industry as well
as in the mechanical and plant engineering sectors.
These sectors traditionally represent the core of the
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German economy [12]. Also, they are the focus of the
German Industry 4.0 initiative [13]. Thus, these sectors
benefit from major initiatives to improve digitalization.
In the period between December 2019 and May 2020,
151 individuals employed in the listed industries
responded to our call and completed the questionnaire.
The voluntary, anonymous, and standardized
questionnaire could be answered online.

To obtain a comprehensive insight into the
manufacturing industry, the questionnaire addressed all
levels of the employee hierarchy. The sample included
employees who worked as executive managers,
employees with management responsibility, employees
without management responsibility, or interns. The
sample included a mix of employees from small,
midsize, and large corporations. This diversified sample
allowed us to learn as much as possible [38]. A detailed
overview of the sample can be found in Table 2.

After the data were collected, we prepared it for the
later statistical analysis. In the process, we re-coded the
Likert scale into an interval scale. The distances
between the Likert scale grades were accepted as equal
to improve the statistical analysis. We also poled the
answers to the items in a uniform direction. This was
necessary since the questionnaire items included both
positive and negative statements to avoid bias.

To check the reliability of the questionnaire we
calculated Cronbach's alpha. Determining the internal
consistency of the dimensions provided information on
whether we could aggregate the items within the
respective dimensions and in turn apply the dimensions
to further statistical analysis [39].

After that we divided the sample into two different
subsets, to achieve a deeper understanding of the
barriers of DT and to answer the research questions. As
described in the study of the manufacturing sector by
Klétzer and Pflaum [21], DT can be assessed by an
enterprise's smart product realization and application.
Based on a self-assessment by the participants, we
divided the sample into digitalized and partial
digitalized enterprises. The subset of digitalized
enterprises (55 participants) is defined by both realizing
and applying smart products. The subset of enterprises
with no or partial digitalization (96 participants) lacks at
least one of the constituting elements. Hereafter, the
latter subset is abbreviated simply as “non-digitalized
enterprises”. As classifier for a digitalized enterprise, we
relied on two items within the DT dimension (see Table
3).

Since we assumed that the DT slowed down or was
prevented by the barriers identified in qualitative
research, participants in the subsets should perceive
these barriers in different intensities. Nevertheless, it is
unclear whether DT is equally slowed by all barriers, or
whether there are particularly salient barriers. To

examine the differences, we conducted a Mann-Whitney
U test as the quantitative data showed a non-normal
distribution according to the Shapiro-Wilk test. The
Mann-Whitney U test was chosen because it compares
the medians of the subsets, determines if there
significant differences and allows a calculation of the
specific effect sizes [40]. As other studies have shown,
comparing digitalized with non-digitalized enterprises
using the Mann-Whitney U test, can contribute to a
better understanding of the research subject [41].

4. Results

In the first part of the results section, we will
describe the development of the hypotheses stemming
from qualitative data. In the second part, we will revise
the statistical results.

4.1. The underlying barrier model and related
guestionnaire

The description of DT in our underlying barrier
model was based on the research by Kloétzer and Pflaum
[21]. The process of DT can be determined from two
perspectives. The first perspective is the development of
smart products, which focuses on the creation of new
and innovative DT-induced products for the customers.
The second perspective is associated with the adoption
of smart products in the corporate value chain to
optimize production. Fully digitalized enterprises
consider both perspectives in their DT.

We measured the DT process based on two items
associated with smart product realization and
application [21]. In the operationalization, a distinction
was made between the existence of a portfolio of smart
products and the existence of largely digitalized
business processes.

On the way to become digitally transformed,
enterprises may encounter various organizational
barriers that can slow down or even prevent changes.
We openly coded the interview data and aggregated
these codes into characteristics. Based on these
characteristics, we formulated the items. We also
matched the characteristics with Vial’s [7] DT building
blocks to provide a dimensional context. Overall, we
determined four dimensions that impact the corporate
DT process based on the above-mentioned analytic
procedure. In the following section, the construction of
the items and the connection between the dimensions
and Vial’s building blocks are discussed.

Based on our interview data, we coded the
statements about leadership barriers. It is an important
task for organizational leaders to develop the
organization’s digital attitudes [7].
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Table 2. Questionnaire sample

Distribution of industries Distribution of positions Distribution of the enterprise size
Automotive 2% Executive Manager 5% 1000 or more 30%
Mechanical & 28% Employee with management 25% | 250-999 7%
plant engineering responsibility
Employee without management 57% | 50-249 48%
responsibility
Intern 9% 10-49 10%
Other 4% 9 or less 5%

Interviewee 29 (129) mentioned a situation where
“50% of the people involved in the process did not
understand that the topic [DT] was strategic. That was
the limiting factor.” Therefore, we surveyed how the
communication of the DT strategy was perceived.
Another aspect was the perception that “the top
management needs to participate” (121). Thus, we
measured the degree of visible top management
involvement. An aspect of leadership is to let employees
participate in decision-making. In a previous study, the
“Business Case for the digitalization of the production”
was developed (128). Building on these aspects of the
interviews, we measured the likeliness of employee
involvement in the decisions about the implementation
of new technologies. Our items pointed towards the
construction of capabilities to respond to possible
contingencies in the employment of digital
technologies. New roles such as Chief Digital Officer
(CDO) or a specific department should be introduced to
undertake the construction of these capabilities. Like IT,
DT requires a strategic perspective and alignment with
business objectives. Digital business strategies should
be broken down into specific courses of action, which
would impact corporate organization and processes. IT
and business functions need to work together on
transformation to allow these courses of action. Certain
resources indicate that the role of CDO is temporary. A
transformation is also temporary and will reach a stable
situation [7]. Based on the leadership barriers we found,
we assumed:

Hypotheses 1 (H1): Non-digitalized enterprises
perceive significantly higher leadership barriers when
compared to digitalized enterprises.

110 draws comparisons to a start-up culture: “For a
corporation also, it is very crucial making, accepting and
forgiving mistakes.” Thus, errors should be used to
improve work processes. An agile approach might lead
to constant learning and improvement. <Y ou might need
a Minimal Viable Product if you want to prove a
hypothesis. If it doesn’t work that way and you have to

change it again” (110). Another factor is the openness to
new ideas about the digitalization of the processes,
methods, techniques. “That’s why there is a lot of
movement in the company and a great deal of openness.
We are preparing to modernize many places. That is
why we look specifically at the new technologies’
industry in Silicon Valley to find new business models
and completely new approaches in corporate
management” (108). The disruption caused by DT
affects the organizational culture. Often, firms exhibit
an organizational separation between IT and business
functions, which became an integral part of the
organizational values and beliefs.  Research
demonstrated that the development of digital
capabilities requires an innovative culture, a common
language, and expertise in value creation technology.
Organizations should learn how to experiment and take
risks. On a small scale, experiments with digital
technologies need to be conducted and, in the case of
success, scale up to the rest of the organization. Such an
agile procedure draws from software development
experiences. Organizations conduct small, incremental,
and iterative steps. Based on the results of these steps,
long-term goals should be adapted. Furthermore,
changes in the environment should be monitored [7].
Therefore, we assumed that:

Hypotheses 2 (H2): Non-digitalized enterprises
perceive significantly higher cultural barriers when
compared to digitalized enterprises.

If no new roles emerge, it would hardly be possible
to address the changed requirements. 122 perceived a
barrier within “Possessions, old understanding of roles.
That certainly stands in the way of digitalization”. Thus,
we surveyed the item for a lack of new roles to cope with
DT. Connected to the roles, there is a shortage of both
financial and human resources. In addition to the roles,
respondents experienced a general lack of resources. “If
I want to digitalize my service, | need certain resources,
skills that can also support the digitalized service,
whatever it looks like” (121).
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Table 3. Questionnaire

Dimension | Item in keywords Mean Mean Delta
non-digitalized | digitalized
enterprises enterprises

DT Portfolio of smart products or services for customers | 2.71 4.31 1.60

Digital support for business processes 3.10 4.41 1.31
Leadership | Senior management is not supportive & not visibly 2.63 1.93 -0.70

engaged

Clear DT strategy not communicated 3.26 2.19 -1.07

Employees not involved in decisions on technology | 3.32 2.95 -0.37

implementation

Culture Errors not used to improve work processes 2.61 2.35 -0.26

No constant learning and improvement 2.63 1.95 -0.68
No openness to new ideas about DT in processes, 2.36 1.83 -0.53
methods, techniques, etc.

Employee | No new roles to manage DT projects. 2.88 2.00 -0.88

Not enough resources and staff to manage DT 3.05 2.70 -0.35

Skills IT knowledge is not adequate to keep up with DT 2.90 2.28 -0.62

Lack of knowledge about the potential of DT 3.21 2.57 -0.64
Lack of knowledge to use digital tech effectively 3.77 3.71 -0.06
Lack of digital tech training for the employees 4.09 3.88 -0.21

Such statements lead to the question of how the
enterprises were equipped with resources and staff to
manage DT. Changes in the organizational structure and
culture allow for new roles and responsibilities. As IT
and business functions need to move closer,
opportunities arise for business employees to lead
digital developments. In contrast, IT employees
cooperate in such developments [7].

Hypotheses 3 (H3): Non-digitalized enterprises
perceive significantly higher employee barriers when
compared to digitalized enterprises.

The last dimension, missing skills, entails the
absence of specific knowledge, expertise, and
competencies in the DT domain. “Of course, problems
arise at this point. Different occupational levels simply
have to adapt first. Assertion of the importance of IT
technology directly on the employee, who then also
provides the service, is not that easy.” (I37) Thus, we
investigated whether the employees felt that their IT
knowledge was adequate to keep up with DT. 123 felt
that “just the step now that everyone can do and use it
company-wide and recognize the potential” was
missing. Based on these codes, we derived that there
was a lack of knowledge about the potential of DT. One
of the important achievements was efficiency. “If you
know, e.g., how can a company increase its efficiency,
then that is a very nice approach [to DT]” (I21). The
barrier to address statements in this group of codes was
the lack of knowledge on how to use digital technologies
effectively. Certain respondents recognized training

problems. “We have a very high training expenditure at
the beginning. We need equipment. We need to rethink.
Of course, it’s a timing problem, even with large
enterprises like us at this point” (I37). Based on the
codes associated with training, we generated an item on
whether more training was required to improve
employees’ technological knowledge. New
technologies require new skills from current and future
employees. Especially, analytical and complex
problem-solving skills are required. Human resources
are responsible for the improvement of these skills and
providing employee assistance to adopt DT challenges
[7]. Thus, we hypothesized the following:

Hypotheses 4 (H4): Non-digitalized enterprises
perceive significantly higher skill barriers when
compared to digitalized enterprises.

The above-described dimensions were transferred
into a questionnaire and presented in Table 3.

4.2. Statistical analysis

After the quantitative data collection, we
aggregated the items in their respective dimensions and
tested the interview-based dimensions for internal
consistency. Thus, we conducted a reliability analysis
with Cronbach’s alpha coefficient. The values ranged
between 0.60 and 0.73 (see Table 4). These values are
reported in the literature as being moderate up to
acceptable [39]. An exception was the employee
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dimension with a coefficient of 0.43, indicating rather
weak reliability.

Since the dimension included only two items and
deletion of these items would not yield an increase in
internal consistency, we continued with the analysis.
However, examining also the results at the item level
and not just focusing at the dimensional level can
overcome the deficiency of the low Cronbach's alpha
value to a certain extent in our study.

In the next step, we divided the sample into two
subsets to test our hypotheses. We expected the subset
with non-digitalized enterprises would exhibit a slower
transformation due to organizational barriers, and
participants should, in turn, observe higher degrees of
barriers. Using the Mann-Whitney U test, we
investigated whether there were statistically significant
differences [42] in the perception of the barriers
between the subsets.

Starting with the leadership dimension, there was a
significant difference between the two subsets (see
Table 4). Furthermore, a moderate effect size (0.42) was
calculated. Among all barrier dimensions, the strongest
effect size was observed here. The effect size indicates
the extent to which the responses of the subsets overlap
[43]. The higher the effect size, the lower the overlap.
An effect of 0.10 is considered weak, an effect of 0.30
is considered moderate, and an effect of 0.50 is
considered high based on the differences between the
subsets [44]. Extreme differences were less visible at the
aggregated dimension level. Therefore, we also
analyzed the differences on the item level to check
whether there was a clear pattern at the item level as
well. The review of the specific items revealed that the
biggest differences were in the lack of senior
management support and the lack of clear
communication of DT strategy dimensions. Based on
the Mann-Whitney U test results, we accepted
hypothesis 1 that non-digitalized enterprises perceive
significantly higher leadership barriers when compared
to digitalized enterprises.

A moderate effect size of 0.31 and a significant
difference based on the Mann-Whitney U test could also
be observed in culture. Across the subsets, this
dimension exhibited the lowest mean values, which
indicated that the cultural dimension was perceived to
have a lower degree of intensity when compared to
leadership, employee, and skills dimensions. Higher
differences can only be observed in constant learning
and improvement in this dimension. Nevertheless, we
can accept hypothesis 2.

For the third barrier dimension, employees, a
significant difference, and moderate effect size were
also evident. At the item level, the largest difference in
the response behavior of the two subsets was
particularly apparent in the new roles in DT project
management. Based on the Mann-Whitney U test,
hypothesis 3 could therefore be accepted.

The skills dimension also demonstrated significant
differences between the subsets. However, it shows the
lowest effect size across all barrier dimensions. It was
noticeable that the skills dimension exhibited the highest
mean values in both subsets. Regardless, the lack of
training was perceived as a major problem. The lack of
knowledge on DT’s potential, on the other hand,
demonstrated the highest difference (0.64), indicating
that non-digitalized enterprises were more affected.

Overall, all Mann-Whitney U test results showed
significant differences and weak to moderate effect
sizes, which proved that the two subsets were different
[45]. A clear pattern could be observed in the barrier
dimensions and on item level. Participants of digitalized
enterprises perceived lower barriers in general.
However, the differences were not equally significant
for each barrier. Based on the findings, we accepted our
hypotheses H1, H2, H3, and H4: Non-digitalized
enterprises perceive significantly higher leadership,
culture, employee, and skill barriers when compared to
digitalized enterprises (and vice versa).

Table 4. Statistical analysis

Dimension | Cronbach’s | Mann-Whitney | Non-digitalized enterprises subset | Digitalized enterprises subset
Alpha U test
2 g ls| [E|E| |&|¢
= E|E |c |8 g E|E |c |B |5
g | S |38 |3 |s S 13|18 |3 |5
fi (7] Z|1= | =2 |2 a > |z 2 |2 |2 | | >
Leadership | 0.60 0.42 |0.00 96 |1.33(5.00|3.07 [0.82 |0.67 |55 |[1.00|3.67|2.36|0.64|0.41
Culture 0.73 0.31 |0.00 96 |1.00(4.67|2.54 |0.81 |0.66|55 |1.00|3.67|2.04|0.68|0.46
Employee |0.43 0.30 |0.00 96 |1.00(5.00|{2.97 [0.98 |0.96 (55 [1.00|4.50(2.35|0.86(0.74
Skills 0.60 0.26 |0.00 96 |1.50(5.00|3.49 [0.66 |0.44 |55 |1.75|4.50|3.11|0.650.42
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5. Discussion

The overall findings supported the assumption that
non-digitalized enterprises perceive higher barriers
when compared to digitalized enterprises. On a more
detailed level, differences in the degrees and patterns are
visible. In the following, we will therefore discuss the
quantitative findings in light of scientific literature and
open-ended qualitative responses in the questionnaire.

When looking at the leadership dimension, strategy
work and DT awareness are organizational determinants
of contextual conditions, affecting a DT early on [20].
A culture of organizational learning is essential to build
up awareness and cope with a DT. One method to
implement organizational learning is the employment of
projects [46]. The results demonstrated a higher barrier
perception for the concept of organizational learning in
the non-digitalized subset. Here, a dedicated roadmap
with explicit projects to learn more about DT might
serve as a tool to alleviate this barrier. Both groups state
age structure as a hinder to awareness in the open
answers. The digitalized group reports the need for
specific training. Another dimension to account for
material determinants of contextual conditions is skills.
With the diffusion of digital technologies, employees
need to develop specific knowledge and skills. the
perceptions about DT’s potential demonstrated the
highest delta for the means in the skills dimension.
Surprisingly, however, both standard deviations for the
skills dimension in Table 4 were rather similar, showing
that employees in both subsets had the same perception
about their respective mean perception. Minor
differences between the subsets existed in the training
dimension. It seemed that employees in both subsets
perceived the training opportunities as limited.
Nevertheless, respondents from digitalized enterprises
report more specific training needs in the open answers.
Both groups would benefit from training with different
specificity [47]. Contextual conditions affect
mechanisms [20]. Our dimension leadership represents
aspects of mechanism. Leadership shows high
differences between the mean figures and rather high
effect size in aggerated dimensions presented in Table
4. From the additional qualitative data, employees of
digitalized enterprises tend to question the honesty of
DT initiatives. Several studies proposed the concept of
a Digital Business Strategy as a new perspective [5],
which serves as an innovative mechanism [20].
Especially in times of change, adequate leadership and
communication are essential to overcome the barriers
[48]. Another aspect of the non-readiness of the
organizations for DT is the lack of dedicated roles which
coincides with changes in the organizational setup [20].
Certain authors proposed the introduction of the role of

a CDO or to evolve the role of the Chief Information
Officer to include the above-mentioned duties [49]. Of
course, these roles need support from the existing roles
and other new roles within the organizational hierarchy.
Also, in the employee dimension, the highest standard
deviation was observed in the non-digitalized subset.
These participants exhibited perceptions about available
resources. The non-digitalized group is more worried
about a mismatch of merging employees’ interests and
DT. The dimension DT itself is also part of the outcome
within the organizational setup as it represents a product
perspective [20]. As the DT dimension was our selection
criteria, the means of the digitalized group is higher. In
general, the digitalized group shows a higher degree of
specify, which is important especially within the
contextual conditions. If these are set right, they will
influence further work on DT in a positive way until one
desired outcome is a “smart, connected and customized
product” [20]. Digitalized enterprises are working to
redefine their value propositions [18] as they strive to
become data-driven enterprises [21].

The quantitative analysis has shown that digitalized
enterprises have been able to overcome some barriers
and have presumably been able to drive their DT as a
result. Nevertheless, some organizational barriers still
exist today. However, less digitalized enterprises could
benefit from this insight. While overcoming barriers
requires effort, focusing on the key barriers as compared
to simultaneously addressing all could be a more
efficient path to a digitalized enterprise. Looking at the
biggest differences between the two data sets, defining
and communicating a clear DT strategy and specifying
roles to manage DT projects seems to be a good starting
point for non-digitalized enterprises.

6. Conclusion and limitations

In the present study, we systematically identified
and quantified the impact of barriers on DT based on a
research approach that utilized subsets. In the
preparation stage, we collected qualitative data on
obstacles and barriers from several corporations of
various sizes and industries, and we then transferred
these data into a measurement model [14]. The resulting
questionnaire was employed to survey German
engineering enterprises, as this industry has been
traditionally at the focus of the German economy [12].
Thus, engineering enterprises have been the target in
several government initiatives that attempted to foster
DT [13]. The subsets allowed us to specifically compare
and reflect on differences between DT processes and
associated barriers in detail. Interestingly, the perceived
barriers in the non-digitalized subset were higher with a
higher degree of disagreement. Essential elements of the
DT such as smart products and services as well as
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digitally enhanced business processes exhibited a higher
perception in the subset of digitalized enterprises. Thus,
our study contributes to a deeper understanding of the
behavior in different subsets. By researching the
barriers, we contribute to barrier research and research
on success factors. In fact, once barriers are removed,
they no longer hinder the DT process. The commonly
encountered barriers across the industry could even
become success factors and competitive advantages.

We used a valid method to identify the subsets [41].
There are other statistical procedures such as clustering
techniques to determine the number of subsets. These
clustering techniques can be explorative or the number
of subsets needs to be specified before [50]. In larger
datasets, the properties of our subsets might change.
Future studies should focus on broadening the data set
and the identification of further subsets. These subsets
could be aligned to an empirically grounded maturity
model, which is our approach, too. Klétzer and Pflaum
set up a matrix for the determination of four fields [21],
which we aggregated into two. From a sampling
perspective, the assignment of the respondents via social
media could be problematic, as the sample might
demonstrate bias and even underestimate the barriers.
Social networks might provoke a filter bubble [51] and
not every employee might be active on these networks.
Since our study aimed to measure perceptions about DT
and associated barriers, recruitment in professional
digital networks was considered a valid sampling
strategy. We suppose tech-savvy employees are active
on such networks. DT is a trend discussed in several
professional journals. Thus, we assumed that our
participants were aware of this term. We developed our
items based on interviews in connection with theoretical
frameworks. Further item validations are needed to
determine if the items cover all aspects of the
dimensions. Also, we focused on the automotive and
engineering industries due to their significance in the
German economy. It might be especially interesting to
expand this research into more service-oriented
industries. Products and services exhibit significant
differences in their characteristics and value creation
methods. Also, products are supposed to be enriched by
services leading to a higher degree of servitization [47].
A comparison of the subsets in other industries might
broaden the perspective for new insights.
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