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ABSTRACT,

Today, the industrial production firms are aiming to improve competitiveness
through the fourth industrial revolution technologies, which incorporates a fusion of
physical production with the digital world of information technology. The potential
benefits Industry 4.0 will bring are clear, however, there is a shortage of practical
research on actual hurdles confining employment as well as how those are predicted
to be overcome by SMEs. In order to gain a profound opening of the phenomenon
implementation in practice with all of its challenges, a study was done in three case
companies operating in the timber industry in Eastern Latvia. First, descriptive data
were collected with the use of SIMS scan developed by Ungerer (2018), which were
further used for the collection of the qualitative data by workshops at the
manufactories. The study indicates several factors that hinder the employment of the
new production revolution technologies. The main challenge on Industry 4.0
implementation is the shortage of technology experts in the region as well as in the
timber industry, which hinders the possibility of inter-firm connectivity due to the
slow individual firm progress. Further, the SMEs lack financial resources necessary
for modern machinery acquisition and it has been concluded that, although there are
certain benefits, Industry 4.0 employment is highly case-specific and cannot be suited
to every firm in the industry due to the strategical differences. Findings of the
influence of Industry 4.0 belong to a new research field, however, the literature
review on different aspects aligns with the overall findings. Limitations of this study
include limited sample size and the size and origin of the case companies themselves,
which restricts the validity and the international generalizability of the research.
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1. INTRODUCTION

1.1 Topic relevance

We are currently witnessing the beginning of a new stage of a
far-reaching  scientific  and  technological  industrial
manufacturing transformation (Beier at. al 2017, Kang et. al.,
2016), which is occurring due to the merge of physical
manufacturing systems with the digital technologies and known
under the term of Industry 4.0 (14.0) or Industrial Internet of
Things (lloT). Industry 4.0 aims at the development of an
accessible, smart manufacturing platform for industrial-
networked information operation by actual time data monitoring,
tracking status and positions of products as well as instructing
control over the production processes (Vaidya et. al, 2018). The
benefits and motivating factors of (often theoretical) IloT
employment are widely known and frequently mentioned in the
scientific literature, where, from the economic perspective,
implementation of the Industry 4.0 practices lead to
manufacturing cost reduction, leads time shortening, quality
enhancement, production flexibility, equipment effectiveness
and resource efficiency (Peukert et al., 2015; Kagermann et al.,
2013). Moreover, Industry 4.0 technique fulfillment allows
mass-customized production implementation because of the
system capability to handle high complexity by incorporating
self-controlling systems (Brettel et al., 2014). These benefits act
as motivators combined with a number of CSR (corporate social
responsibility) enhancing factors such as reduced waste and
energy consumption and flexible work environment (Carvalho et
al., 2018; Muller, Kiel and Voigt, 2018; Kiel et al., 2017, Beier
etal., 2017, Wang et al., 2016). Moreover, nowadays CSR serves
as an important motivator element due to the fact that ethical
aspects of corporate social responsibility have a significant
influence on consumers perceptions of brand equity (Yang and
Basile, 2019).

There are all types of benefits associated with the Industry 4.0
implementation by manufactories in the literature, however,
whether there is and what is the actual pace of technology
implementation and what is the future still lacs the research base,
together with the hurdles which may hinder the process.
Moreover, a lack of empirical data, therefore, may cause a denial
or ignorance of the implications of the new era by the
manufactories, creating drawbacks in terms of incorrect response
to the situation or use of underperforming way of work, which,
however, causes financial shortcomings. The “hype” around the
topic in sync with the unknown state of the art in Industry 4.0 and
possible hurdles forms the main need to address the topic of
current Industry 4.0 implementation and future anticipation by
the SMEs.

1.2 The objective of the research

One of the aspects of the research is the aim to assess small and
medium-sized companies by emphasizing the ones with limited
access to funds, as pointed out by Safar et.al (2018) - especially
for manufacturing SMEs with significantly limited resources,
compared to large enterprises, special guidance could be a good
starting point for implementation of Industry 4.0 elements. And
as found out by Ghulam (2019), younger and smaller firms are
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more likely to have their credit applications rejected, minimizing
the chances of development. Taking into account the difficulty
of the situation for the SMEs, the purpose of the research is based
on a necessity to find out how and whether SME’s as
manufactories react on the industry change, what are the hurdles
and what is their planned future action. With the information
regarding the actual anticipation of Industry 4.0 by SMEs and its
aspects, a pathway for each individual company can be
developed as well as a broad overall situation in the market can
be understood.

In order to develop the deepest qualitative judgment on the topic,
the research question "How do small and medium-sized
manufacturing companies anticipate on Smart Industry
Revolution and deal with the challenges accompanied by it?" will
be investigated in three manufacturing SMEs in Eastern Latvia,
operating in the timber industry.

The state of the art of the companies will be explored using the
Smart Industry Maturity Scan (SIMS) by Ungerer (2018) as a
data collection method. Furthermore, the triangulation method
with the aim to generate as precise portray as possible will be
used, by uncovering the Industry 4.0 implementation and future
action foresight state from 7 different perspectives with regard to
possible challenges and future actions by the means of
workshops with company managers and employees.

Based on both qualitative and quantitative data, patterns and
similarities regarding the current state and future actions between
the three investigated companies will then be explored and serve
asaground for cross-case analysis as well as a discussion in order
to draw conclusions and answer the research question.

1.3 The structure of the thesis

The thesis consists of ten chapters. Following the introduction, a
scientific literature review is conducted on two topics most
related to the research objective: hurdles and the current state of
Industry 4.0 implementation, as well as an explanation of the
main aspects of the term Industry 4.0. Further, the different tools,
methods, and strategies used are explained and justified in
chapter three. After this, the empirical findings are summarized
and cross-case analysis is conducted in chapter four, with the
result interpretation on the basis of theoretical findings
conducted in chapter five. In chapter six limitations and future
research suggestions are uncovered, following with the
conclusions in chapter seven and acknowledgments, references
and the appendices in chapters eight to ten.

2. THEORETICAL BACKGROUND

In order to answer the research question, it is important to
understand the term of Industry 4.0 and its technological core.
Further, the benefits of the complementary technology and
system implementation serving as motivator factors are
discussed. Following hurdles on Industry 4.0 implementation are
outlined, leading to the findings of previous studies on
phenomenon employment.



2.1 Industrial Internet of Things

Although there is no approved definition for the 11oT (Industrial
Internet of Things) (Kiel et al., 2017), the term can be explained
as continuous digitization and agile connection bringing benefits
to the entire value chain by consolidating all organizational
functions and operations, products and services. The
technological core of the 10T is formed by the Cyber-Physical
Systems (CPS), a term offered to the public by Helen Jill in the
year 2006 (Ivanov et al., 2018). CPS are systems consisting of
various material objects, artificial subsystems, and controllers,
which form a single whole (Zhuge, 2015). From the previously
existing mechatronic systems, CPS differ in the presence of
intelligence (knowledge and procedures for their formation,
replenishment, manipulation) and the ability to interact with their
environment; plan and adapt their own behavior according to the
environment; learn new patterns and behaviors and be self-
optimizing (Ivanov et al., 2018). CPS forms the technological
core which is integrated into the industrial production resulting
in a digitized connection across the value chain (Kagermann et
al., 2013; Kiel et al., 2016). The trend in the manufacturing
businesses is also referred to as the fourth industrial revolution
or 14.0 (Industry 4.0), a term popularized in Germany around
2013 (Burmeister et al., 2016).

2.2 Hurdles on INDUSTRY 4.0 Introduction
The most often mentioned hurdle (60.8%) by managers clarified
during a case study with 46 respondents by Kiel et al. (2017) is
technical integration, thus, the need for intra- and inter-firm
connection. This, however, requires technical modernization and
large investments by the main constituent of the companies
operating within the industry (Kagermann et al. 2013), which is
in line with Muller and Voigt (2018), who found that the main
challenge of the loT implementation in SMEs is financial
resource availability. Moreover, existing studies reveal that
SMEs’ challenges differ from those of large companies in
Industry 4.0, thus, for SMEs it specifically implies resource
limitations and low bargaining power (Muller, 2019; Muller,
Kiel and Voigt, 2018).

After a survey with more than 100 lloT executives, the main
challenge on 10T implementation discovered is dealing with
"legacy" devices and software, mentioned by 53.1% of
respondents, while connectivity is mentioned by 48.9% (loT
World, 2018). Only 37.4% of the respondents mention managing
the department operations, which does not fully support lyer
(2018) with the statement that the critical challenge for
manufacturers is addressing managerial decision making.
Moreover, Kiel et al. (2017) also do not find managerial issue the
top challenge, while Bauer et al. (2016) states difficulty in
coordinating actions across different organizational units as one
of the top challenges, therefore forming a basis for further
discussion.

2.3 Industry 4.0 Employment

The main finding of Bauer et al. (2016) was that in general, 6 out
of ten companies feel prepared for Industry 4.0, although only
16% of manufacturers have Industry 4.0 strategy - data after a
survey with 300 industry experts from Germany, US, and Japan.
Ivanov et al. (2018) state that the companies lack an overall and
intra- and inter-connectivity, but technological novelties such as
sensors or 3D printers are used only contextually in order to solve
separate problems. Researchers link this to the current state that
there are numbers of engineering solutions for 10T with limited
participation of economists and ceos in Industry 4.0 projects.
Oesterreich and Teuteberg (2016) share similar findings that
despite the availability and maturity of many beneficial
technologies, their widespread adoption has not taken place,

together with Thoben et al. (2017), claiming that Industry 4.0 is
in its early stage and that the near future ought to present
developments in the area. Wang et al. (2016) in contrary, state,
that although the implementation of smart manufactory is
possible, there are still shortages in technology and the
promotion of technical advancements is necessary, adding that
application of Industry 4.0 can only be done in a progressive way.

Although data protection remains a prominent concern, 72.2% of
the respondents in interview conducted by loT World are ensured
that security is incorporated into the design or life cycle of the
product (IoT World, 2018), meaning that currently some of the
hurdles on Industry 4.0 employment are being solved by the
proposed progress with security. Ancarani et al. (2019), however,
add that the adoption pace of Industry 4.0 practices is
significantly related to the product quality priority, thus, in
industries requiring high manufacturing precision, like food
processing or machinery manufactories.

Muller (2019), states that manufactories using Industry 4.0
technologies predominantly mention key partners that are experts
in machines and IT as especially important for operation and
control of Industry 4.0 based systems. Moreover, Geissbauer et
al. (2014) states that more than a half of companies implementing
Industry 4.0 are convinced that close co-operation with value
chain partners is of high importance, together with Burmeister et
al. (2016) who revealed that partnerships are important since
good hard- and software skills are necessary to be combined in
order to compete in the market. This can be linked to limited
possibilities of SMEs to train or hire experts (Muller, 2019),
while Thiede et al. (2016), states that education and training is
the key success factor for manufactories implementing
technological novelties.

2.4 Timber Industry 4.0

The research and scientific literature on Industry 4.0 in the
context of the timber industry is very limited. After literature
research on the topic, Muller et. al (2019), concluded that the
term Industry 4.0, 10T or similar terms are not used in the
context with the timber industry and that there are only four
articles discussing 14.0 in the context of timber, whereas only two
are available and applicable. The main finding by Bo and Wang
(2011) applicable to the current case study is that the scale cost
for 10T facilities is very crucial, as well as that the realization in
forestry industry still needs time. Furthermore, Fitzgerald (2016),
states that right now in the sawmills there is a massive
opportunity to use the big data and become more networked due
to the fact that the information currently does not flow from one
machine to another through sawmills. However, the amounts of
the data generated at one particular place at the mill can create an
unbearable amount of data, requiring maybe even inaccessible
amount of computing power. Moreover, Fitzgerald (2016), states
that forestry is one of the “technology laggard” industries,
contributing to the finding of Bo and Wang.

Other findings in the literature are related mainly to the
opportunities of Industry 4.0 in fire detection and some to the
inventory mapping (Muller at. al, 2019), meaning that the term
Industry 4.0 is very rarely used within the sector, therefore
making this case study the only of a kind.

3. METHODOLOGY

The literature review has been formed in a way to conceptualize
theoretical concepts and their attributes and then have a look at
previous research. Because of scarce previous research data on
Industry 4.0 implementation by manufacturing SMEs
(Burmeister et al.,2016; Brettel et al., 2014; Kiel et al., 2017; Kiel
et al., 2016, Muller, 2019); an exploratory qualitative research



design was chosen. As a sampling procedure, a non-probability
purposive sampling method was implemented, thus, observation
units for the sample were chosen by the researcher because of
certain characteristics (Black, 2010). Three manufacturing SMEs
were chosen in Eastern Latvia, fulfilling the criteria for SMEs
conforming to the definition of the German Institute of SME
research (less than 500 employees and an annual turnover smaller
than €50m).

As a descriptive data collection method, a multi-dimensional
smart industry scan developed by Ungerer (2018) was used,
consisting of 35 ordinal measurement level questions, which can
be found in chapter 10 in appendix 1. In order to make sure all of
the participants had the same understanding of Industry 4.0,
everyone was provided with a short explanation of Industry 4.0
features, which, as the scan was translated to Latvian. The scan
surveys were held face-to-face with all of the participants
separately in order to prevent possible bias and to explain the
survey questions if necessary. The current state of each company
Industry 4.0 implementation was measured over 7 dimensions —
Strategy & Organization, Products & customer services, People
& Organizational Culture, Customer Interfaces, Value chain,
Technology & IT Management, and Institutional Awareness. For
each of the dimensions there are 5 questions, all of which were
asked to the manager of the company as well as other employees.
The overall number of respondents is 25. Scan participants were
asked to give their personal estimation of how these dimensions
are influenced by the changes induced by Industry 4.0.

In order to validate the research, a triangulation method was used,
thus, after the status quo of the companies in Industry 4.0 was
obtained with the use of the scan, workshops with the company
CEOs and one of the CEO-selected employees were held. During
the workshops designated to last less than half an hour, the survey
data were analyzed on each dimension separately and altogether
with the use of radar charts, leading to possible conclusions
regarding the Industry 4.0 employment, hurdles, and future
action. Due to the fact that the data obtained with the scan is
quantitative and that there are five questions on one aspect, the
data represented to the company were provided in radar charts,
which can be found in the appendix in chapter 10. Further, the
results of Industry 4.0 implementation and the next steps of
SMEs are inductively analyzed by conforming to qualitative
content analysis as well as a cross-case analysis.

4. EMPIRICAL RESULTS

In this chapter, the results of the scan and the workshops of all
three firms are presented and the cross-case analysis is
conducted.

In order to be able to perceive the results of the research to a
higher extent, it is necessary to understand the main differences
between the three manufactories operating in the timber industry.
First, company “A” is least automated and using old-world
machines. Company "B", in the contrary, is the one with the
largest number of employees between all three firms and using
somewhat automated technologies, with a large interest in future
developments. Firm "C" is the smallest one, using human
craftsmanship together with modern technologies.

All three manufactories consider their industry as rather
characterized by many rules and regulations, certain future
developments with a few competing technologies for production
and products and little cross-fertilization with other industries.
Moreover, companies view the industry as changing very
incrementally without rapid developments and its past forming a
good representation of the future, with a little difference for

company B — it hopes and is working on future technology and
machinery developments.
4.1 Aspect 1 (Al) - Strategy and

Organization

The descriptive questions of Al measure the extent to which
Industry 4.0 is included in firm strategy with digital features, data
and innovation inclusion and monitoring.

All Firms on All Aspects
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Figure 1. Radar chart on all aspects all firms

Manufactories A and C perform equally on the first aspect —
strategy and organization (see Figure 1) therefore reaching the
second level and becoming “learners” as stated by Ungerer
(2018) (see Figure 2) However, firm B sees Industry 4.0 more as
a part of its strategy, due to the fact that it is focusing on
innovations in machinery and looking for new ways of
accomplishing current tasks. Moreover, in the future foresight,
the company is even ready to cooperate with engineering firms
for the production of the machinery which is unavailable in the
market although possible for production but necessary to
automate the work of the plant. Although the firm indeed
outperforms the two other manufactories in including Industry
4.0 in its strategy, this can mainly be associated with the
innovation need and an interest in modern technology
introduction in the future but not so much with the other
constituents of an actual implementation of Industry 4.0. Firm B
foresees technology introduction possible when there will occur
the development in the industry forming a basis for new
machinery production.

Level 2 ("learners")
¢ Moderate implementation (1,5-2,49) .’
Level 3 ("leaders")
* Semi-Advanced leaders (2,5-3,49) "
Level 4 ("leaders")
¢ Advanced Leaders (3,5-4,49) ‘
Level 5 ("leaders")
* Expert Leaders (4,5-5)

Figure 2. Maturity levels adapted from Ungerer (2018)



In contrary to the case company B, firm A does not find many
opportunities for it to develop in line with Industry 4.0 due to the
lack of resources. In order to implement at least some of the
Industry 4.0 aspects and technologies, the manufactory needs
almost a complete modernization, but the company CEO does
not consider the business rentable enough for large future
investments and is unwilling to have any financial attachment.

Different situation is with the firm C — it is interested in Industry
4.0 technologies, however, introducing them would mean that the
specifics of the firm by using old-fashioned way of production
with the craftsmanship is lost, while the firm is unwilling to
change its strategy to such a large extent in the nearest future and
anticipates no change in the market the firm currently operates
in.

4.2 Aspect 2 (A2) — People and

Organizational Culture

The scan questions of aspect 2 measure the extent to which
employees and managers are trained for 14.0 implementation and
to what extent is the current organizational culture stimulating
employees for 11oT technology appliance.

On A2 company B again performs best, although a little worse
than on the first aspect. The firm stays on the “semi-advanced
leader” level with an average score of 2,93. The weakest point of
the firm is training for Industry 4.0 readiness. Company manager
does not see an available option in the region for professional
training and does not find himself competent enough for
information sharing with the employees. Additionally, the tough
economic situation in the region was mentioned making it even
more difficult to acquire expertise. Future action is anticipated to
include employee training when there occurs opportunity, either
with the help of the government projects either by cooperation
with large enterprises when the situation stabilizes.

The firm C has also reached “leader” level with a score of 2,6
and has the same weakness — employee training. Here
specifically Industry 4.0 is not a part of the future strategy of the
company and therefore not in its interest field. On the other hand,
in the company there is a high level of high-tech and industry-
specific instruments which do require expertise which is shared
by the machinery providers. For the reason, the employees
consider themselves as able to learn quickly, with the company
manager being less optimistic regarding the issue.

On the second aspect company A performs the worst over all
three firms with an average score of 2,16. On the 15™ question
regarding the frequency of consideration of Industry 4.0 related
issues between the employees, the firm manager states more
often discussion about the theme than the company employees.
After the workshop, it was clarified that the difference in the
opinions has occurred due to the misunderstanding of the
employees that some of the technical issues can be related to the
11oT. Although this can be linked to the fact that the employees
lack training and even theoretical understanding of the
phenomenon, company manager does not consider it a problem
to be solved in the future, since there is no employee involvement
in the strategical subject and overall no interest and opportunity
for Industry 4.0 implementation yet.

4.3 Aspect 3 (A3) — Products and Customer

Services

Aspect three questions are in part related to the extent to which
manufactured products are equipped with Industry 4.0
technologies and in part with customer service digitization.

Because of the low performance of manufactories A and B on the
questions regarding the product relatedness to Industry 4.0,
which is linked to the simplicity of the timber end-product, there

is a comparatively higher performance of company C on the
questions because of more technology involved in the firm's end-
products. In result, firms A and B are on the "learners" level with
1.69 and 1,98, but firm C has the highest score of 3,2. Both
“learner” firms do not see certain opportunities in the closest
future to improve on the aspect due to the industry specifics.
However, all three firms with the firm C first share that they work
a lot on receiving the customer feedback and that customer
feedback automated data use may become an actual state in the
farther future. Company C is the closest to the end user among
the case companies, which may serve as a ground of even larger
interest and sensitivity in customer satisfaction. Moreover, there
is a common tendency over all three firms — managers see their
interest in positive customer feedback more outstanding than the
employees (see Figure 3). When discussed with the firms it was
linked to the narrow job responsibilities of the employees, who
do not have nor communication with the company clients nor
financial interest in the customer satisfaction but rather in fast
production. However, the employees were aware that if the
customer requirements are not met the firms may face difficulties
reflecting on them as well.

Manager and Employee Comparison on All Aspects

e AN agENS Employees
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Figure 3. Radar chart on all firm manager and employee
comparison on all aspects

4.4 Aspect 4 (A4) — Customer Interfaces
Aspect 4 is measured over the questions related to customer
interaction methods and digitization of the customer journey. A4
is where all of the firms perform the best overall seven aspects
(see Figure 1).

Firm C performs the best overall three firms and reaches the
score of 4, while firm B is not much behind with 3,89. Firm A
again has a little lower score of 3,51. However, the descriptive
results of the scan were disputed during a workshop with firm A
manager and one of the employees. In appendix 2, it can be seen
that on question 26 regarding the extent of digitization of the
customer journey the managerial and employee judgment differs.
Company CEO considers that the customer journey is to a large
extent digitized and taking into account that the amount of time
employees are interacting with the customers is minimal in
comparison with the managerial, their view, although in
superiority, is not considered as representative. Therefore, in
fact, it can be considered that all three firms perform equally on
A4,



Only company C predicts actually possible developments in
customer interaction digitization in the nearest future, while both
company A and B consider customer interaction being led
successfully without a necessity for making it more digitized,
also due to the fact that A4 is where the firms perform best
overall seven aspects and therefore find other issues more
important.

4.5 Aspect 5 (A5) — Value Chain

Descriptive questions of the SIMS scan on aspect 5 measure the
extent to which the value chain of the product manufactory and
delivery process is digitized.

Company A again performs the worst over all three firms and can
be considered a "learner" with a score of 2,11 on the scan results.
The company sees a large opportunity for improvement as well
as its weakest point in terms of Industry 4.0 implementation
exactly the digitization of the value chain. Currently, there is no
system for raw material and end product logistics and delivery
information. In the nearest future, the case company finds as only
available option cooperation with leading logistics or timber
companies in order to minimize the time necessary for
coordination and control, if the price of the digitization will be
considered bearable and trustful connectivity can be reached.

Firms B and C are “semi-advanced leaders” on A5 with the
descriptive scores of 2,93 and 3,4. At the moment, company B
has been less focused on improving the digitization of the value
chain, while firm A has implemented more in order to achieve
the currently available maximum level. However, manufactory B
is looking for future improvement opportunities in the value
chain when there occurs necessary for the development of
machinery renewal in the plant. The future outlook is the main
difference with firm C and commonality with the case company
A

4.6 Aspect 6 (A6) — Technology and IT

Management

Measurement questions on A6 are devoted to the clarification of
the extent of data protection and usage with the Industry 4.0
technologies.

Companies B and C again have almost equal results — 2,71 and
2,7, but 2,15 for manufactory A. Manufactory A is unable to
make autonomous decisions in real time with the data in hand
and perceives it a very complicated issue. First of all, because it
lacks smart machinery which generated data automatically,
second, due to the necessity of huge amounts of data storage and
analysis where specific expertise is necessary and therefore can
be achieved only with costly outsourcing, all of which is not in
the future plans of the firm.

However, in company C there are being conducted small
automated operations with the real-time data because of the use
of modern technologies in instruments available at the market.
The difference can be perceived because of the price of the
machinery — in firms A and B “smart” machinery means new
strategy and business model, large debts and more complex and
lengthy switch, which was clarified during the workshops.
However, for firm C switch to different instruments and
technology used for production is a practically more easily
accomplishable task, while, as previously mentioned, the
company is unwilling to switch to more mechanized production
strategy in the nearest future. The company B predicts more
automated operations to occur in the future with the plant
machinery renewal.

4.7 Aspect 7 (A7) — Institutional Awareness
Institutional awareness aspect includes questions on firm
maturity on compliance with laws and regulations, estimation of
risks, taxes and security issues.

Again, firms B and C perform equally — 2,69 and 2,7, while the
firm A has the lowest score which equals 2 and after the scan is
classified as the only “learner” among the firms.

In firms A and C there is a larger differentiation between the
managerial and employee opinion on scan questions than in firm
B (see appendices and figure 3). This was further explained
occurring due to the difference between the manager and
employee understanding of legal matters. Another commonality
between the firms occurred that the employees tend to slightly
overestimate the managerial and technological capability of
Industry 4.0 readiness. Thus, when the questions measure
respondent’s knowledge, employees have lower answer scores
than the managers, however, when the questions measure firm’s
readiness on Industry 4.0, employees usually slightly
overestimate, comparing to the managerial opinion.

The CEO of company A finds Industry 4.0 technology
introduction highly complex also in terms of legal issues in the
country, while firm B manager does not perceive Industry 4.0 as
a problematic legal issue but rather as a solution for many
problems. For firm B, more modern technology involved in the
plant is anticipated to immediately decrease the employee
number and therefore also the costs of the production and
workplace safety increase, therefore minimizing the current
complication sphere. Manufactory C representatives are also
rather neutral regarding the legal issues but more alarmed with
the data security Industry 4.0 introduction may bring. The
company itself is unable to ensure complete data security,
therefore the decreased security side effect of even more
automated technology introduction is considered as a possible
hurdle for the firm.

4.8 Summary of the Results

Further the results of the cross-case analysis are summarized in
text and in the table (see table 1) in order to give an expositive
answer to the research question of the study - “How do small and
medium-sized manufacturing companies anticipate on Smart
Industry Revolution and deal with the challenges accompanied
by it?”

Overall, the main commonality in the firm future outlook was
that the case companies A and C both do not expect to
strategically introduce the Industry 4.0 with its accompanying
technologies, while manufactories B and C are both currently
technologically better developed, comparing to the case
company A.

For firm A, the main reason for a more pessimistic view on
Industry 4.0 has been formed because of the resource limitation
hurdle and the unwillingness to attach any more funds to the firm.
However, the firm does place some hopes on Industry 4.0 in
terms of firm interconnectivity with its suppliers as well as the
customers. This is because it is seen as a more easily
accomplishable task in the future than forming full intra
connectivity within the firm. Thus, the firm is looking for a
solution for one specific problem instead of strategically
approaching Industry 4.0 through the operations.

For the case company C, the introduction of more smart and
automated machinery would involve strategy change from
craftsmanship to a fully automated plant. This would mean losing
the specifics of the firm as well as a complete change on its
market segmentation, which is not in line with the plans for the
nearest future of the strategical development of the firm. The



only future improvement is expected to occur within the
customer journey. The firm anticipates developing highly
interactive digitized customer experience, linked to the
operations in the firm, while the main hurdle on the development
is ensuring sensitive data security.

In contrary to the two other cases, firm B owns high expectations
regarding the Industry 4.0 technology use, while currently there
has not occurred actual opportunity to introduce it because of
unavailability of the specific machinery necessary for the
operations. The firm owns strongly positive outlooks and hopes
Industry 4.0 to solve existing problems, even regarding the legal
terms, while the main hurdle on the development is the lack of

Moreover, regional specifics with the drawbacks have been
mentioned also by the two other case companies. This is
regarding the limited skilled workforce as well as regarding the
overall expertise in the field also within the large manufactories.
This is because the region the firms operate in is rather rural and
the situation improvement would be tough to achieve only with
the influence SMEs own in the market.

It can be concluded that the case companies mainly anticipate on
very gradual change to occur, which is because it is anticipated
to be, first, segmented and meant for specific task solving, and
second, developing slowly with large own involvement due to
the unavailability of the machinery as well as experts in the field.

the expertise in the field and in the region.

Table 1. Summary of the Results

Aspect Company A Company B Company C
Action Anticipation Action Anticipation Action Anticipation
1. Strategy Almost no Does not Seeks Predicts arapid | Almost no Does not
and strategical focus | predict opportunities | developmentin | strategical focus | predict
organization on 14.0 strategical 14.0 | in machinery | the market as on 14.0 strategical 14.0
implementation. | implementation | development, | well as in the implementation. | implementation
in the future Industry 4.0 | company when in the future
due to the large | strategy there occurs an due to the
investment introduced to | availability for technology
needed. a minimal modern misalignment
extent. machinery. with the firm’s
strategy.
2. People and | No employee The problem The firm Employee Employees are | The problem
organizational | training has with the encounters training is to some extent with the
culture caused a lack of | employee problems predicted to trained to work | employee
employee training will with form the main | with high-tech training will not
understanding not be acquiring the | probleminthe | machinery. be addressed in
of the addressed in necessary future, due to the nearest
phenomenon of | the nearest expertise. the future because
14.0. future because unavailability no need is
no need is of experts in predicted.
predicted. the field.
3. Products No technology | Technology No Technology More Customer
and customer | involved inthe | involvementin | technology involvementin | technology services are
services end-product. the end product | involved in the end product | involvementin | predicted to
Customer is impossible the end- is impossible the end- become even
services are in the future. product. in the future. products; more sensitive
digitized. Overall, more Customer Overall, more customer with the use of
customer services are customer services data gathered
service digitized. service operated with with smart
digitization is digitization is high care. technologies.
anticipated. anticipated.
4. Customer Customer More Customer More Customer More
interfaces journey is digitization of | journey is digitization of | journey is digitization of
digitized. the customer digitized. the customer highly the customer
journey is not journey is not digitized. journey is
predicted in the predicted in the predicted in the
nearest future. nearest future. nearest future.
5. Value No current The value No current The value The value chain | No digitization
chain focus on the chain is focus on the | chainis is digitized to of the value
value chain anticipated to value chain anticipated to some extent. chain is
digitization. be made digitization. be made highly predicted in the
digitized in the digitized. nearest future.
future.
6. Manufactory is | High Some Data use is Small No future
Technology unable to make | technology operations predicted for automated improvement is
and IT autonomous involvementin | are automated operations are predicted.
management | decisions inreal | the plantisnot | automated operations in conducted in
time. with the use | the future real time.




predicted in the | of real-time

nearest future. | data.
7. Currently, 14.0 14.0is Currently, 14.0 Legal issues are | Ensuring data
Institutional does not form predicted to be | 14.0 does not | implementation | well handled. security is
awareness problematic highly complex | form is anticipated Improvements predicted to

issues. with the problematic to solve current | are needed with | form a hurdle
jurisdiction of | issues. legal issues. data security. on 14.0
the country. implementation.

5. INTERPRETATION

In the previous section, the cross-case analysis has been
conducted with the use of data gathered with the SIMS scan and
with the information obtained during the workshops in three
firms. In this section, the results of the analysis will be compared
to the information available in the literature regarding the
Industry 4.0 implementation and hurdles on it as well as the
current theoretical state will be advanced with the findings of the
research.

The main hurdles in Industry 4.0 technology implementation
within the firms were the lack of resources and a lack of expertise
by the company itself as well as in the market. In order to ensure
employee capability to deal with 110T, one of the companies
considers the training of the existing employees, however, there
are no actual opportunities to do that with quality in the region.
Furthermore, in discussion with the company B manager it was
revealed that even currently occurring technical issues are hardly
manageable in a short time span due to the lack of experts. This
is in line with Muller (2018), who states that for SMEs
integrating current employees with Industry 4.0 requires training
and qualification and is especially challenging. Furthermore, the
hurdle of a lack of expertise is unpredictable when will be
overcome also due to the industry specifics — as mentioned
earlier, Industry 4.0 in relation to the timber industry is rarely
used (Fitzgerald, 2016) and therefore, even the existing experts
in 11oT may be unable to serve for timber industry technologies
as well. The importance of partners is emphasized in the
theoretical literature, which states that the key partners may be
especially important for Industry 4.0 technology control and
operation for SMEs (Kagermann et al., 2013). However, with the
regional specifics another hurdle is formed — the region lacks
technology experts because of tough economic situation, thus,
acquiring expertise for the manufactory would require either
costly training far from the plant, either costly specialist
recruitment, if found, forming an endless circle tough to breach
if there is no outside involvement. Thus, the current study
regarding the SME Industry 4.0 technique implementation lacks
insight in the situation in the regions where expertise is
unavailable, which is one of the contributions of the research to
the current theoretical development in the field.

The main hurdle on firm A was limited resources for technology
modernization. The firm CEO does not even consider the
introduction of Industry 4.0 technologies in the plant in the
nearest future because of costly machines necessary for the
implementation, as well as because of unbearable costs of further
data management and analysis. The expenses are considered
outperforming any further benefits, which is in line with Muller
and Voigt (2018), who state that the resource limitations are one
of the primary SME hurdles on Industry 4.0 implementation. The
only possible future modernization considered by the company
A is related to the firm inter-connectivity, which can be done if
there occurs a technology-driven logistics company with an
acceptable price for the firm A, however, the future prospect
currently lacks implementation opportunities for several reasons.

First, as stated earlier in the section, there is a shortage of
Industry 4.0 expertise in the region, especially within the timber
industry, and second, as found out in the research by the Internet
of Things World (2018) as well as by Kiel et al. (2017),
connectivity is a major obstacle among the firms introducing
lloT.

Furthermore, the hurdle on the technology implementation
within the plant of the company B is the unavailability of the
machinery. This forms a great contribution to the earlier research
by Bo and Wang (2011), where it is said that Industry 4.0
implementation within the timber industry still needs time.
Currently, the situation in the region the case companies operate
in has not changed, because there is no ready to offer machinery
in the market. Thus, the research particularly adds to the
scientific discussion of Industry 4.0 because of its specifics - it
investigated SME's which operate in the timber industry in terms
of Industry 4.0, which, as clarified in the second chapter, owns a
very limited research base. Taking into account that the two
qualities are combined, a reason is formed to suppose that the
research is the only one of a kind.

6. LIMITATIONS & FUTURE
RESEARCH

The research cannot be generalized and lacks validity because of
several limitations on the basis that the results are drawn from,
although the conclusions are derived from empirical results. First
of all, the sample size is too small for the research to make an
insight into the industry and even more to serve as a ground for
a valid overall future of SMEs anticipation. Furthermore, the
companies participating in the research were rather small than
medium-sized, and rather at the start of the Industry 4.0
implementation, although can generally be considered
representative for the region of the study. Moreover, as a
limitation may be seen the fact that all of the companies are from
the same industry and the same region, therefore the context and
scope of the research are limited to the timber Industry 4.0 in
Eastern Latvia. On the other hand, the triangulation approach by
using both quantitative and qualitative data with many several
respondents allows the development of a deep and many-sided
understanding of a situation in each company. Moreover, it
allowed clarification of the issues due to the opinion
misalignment between the employees and managerial workforce,
and therefore the approach is highly recommended to use for
future research. This industry-specific research methodology on
Industry 4.0 employment may serve as a good starting point for
more extensive future research in the timber industry in order to
provide suited recommendations. The last limitation of the
research has been the strict time limitation in the framework of
the bachelor thesis, and as a result in two of the companies there
was an opportunity to work with the scan with less than a half of
the company employees.

For future research, there is an opportunity and necessity to
expand in the actual situation evaluation. Nevertheless, there is
an uncovered research area for Industry 4.0 in relation to the



timber industry, and collecting data from other SMEs is to be
recommended, as it would test the conclusions the thesis has
come to. Conducting cross-case analysis among different sized
companies is likely to result in additional insight. Moreover, as
already stated by Miiller, Buliga, and Voigt (2018), research in
terms of SME employment of technologies still remains rare, and
taking into account the limited resources of the SMEs (Safar
et.al, 2018) guidance on the Industry 4.0 practices is especially
necessary. Therefore, the vision is to further investigate how
SMEs anticipate Industry 4.0 and the main hurdles on actual
employment in terms of different industries and regions. The
cooperation between practitioners and academics should guide
the next phases of the research in order to reach actual and
applicable results.

7. CONCLUSION

Industrial production currently is undergoing a transformation
towards interconnected and digitized manufacturing (Beier et al.,
2017). This thesis discusses the changes the transformation
brings about in the sector and what are the hurdles on modern
technology implementation as well as what are the future
prospects of the three case manufactories, in order to answer the
research question “How do small and medium-sized
manufacturing companies anticipate on Smart Industry
Revolution and deal with the challenges accompanied by it?”.
The academic contribution of the work is in its empirical cross-
case comparison with the use of triangulation method, thus, the
use of both descriptive and explanatory data gathering methods,
as well as in the case company qualities. Triangulation approach
allowed for an extensive each case company investigation and
detail specification, where drawbacks and errors were eliminated
with further understanding development of the region and
industry specifics with the use of cross-case analysis. The
empirical results are presented, compared and discussed in the
previous sections.

The results of the cross-case analysis indicate that, although
Industry 4.0 aspects are differently perceived by the case
companies, the main hurdles on actual implementation remain
the same — first, there is a lack of experts in the region. The
companies understand the benefits and the main constituents of
the Industry 4.0, however, it cannot be practically implemented
with the available workforce for a number of reasons. First,
Industry 4.0 lacks overall use within the timber industry, second,
there are no experts even among the large enterprises yet in the
field in the region either, furthermore, there is a shortage in the
necessary machinery provision. Therefore, it is advised to the
companies willing to become more digitized in the region, first,
to cooperate with the providers of available technologies in the
market and second, ask for the government support and then form
the future of the timber industry itself, due to the fact that, as
previously clarified, SMEs lack market influence in order to
change the situation alone, but together as an industry the
situation may change with the influence coming from outside.
Moreover, with the cooperation, an opportunity for the timber
industry to overcome also the hurdle of the resource limitation
may occur, further serving as an opportunity to develop a stable
basis for the industry and then to develop trusty inter and intra-
firm connectivity as well as common standards among the firms.

Moreover, it can be concluded that each case company develops
different future anticipation vision accordingly to its current state
as well as its future strategy. Therefore, it is difficult to predict
the future for the SMEs in general, however, the basis for the
necessary future action important to foster the development
within the industry has been derived taking into account shared
hurdles on Industry 4.0 practice implementation.

In conclusion, it can be said that the ongoing transformation of
industrial processes provides large opportunities for the timber
industry but in order to be exploited requires an increase in the
number of experts in the region and in the sector. Accordingly,
this digitalization should receive more attention from researchers
and leading timber industry companies as well as from the
government to ensure proper exploitation of opportunities of
Industry 4.0 also within the specifics of the timber industry and
identification of potential hurdles and corresponding
countermeasures.

8. ACKNOWLEDGMENTS

First, 1 would like to thank Prof. Dr. R.P.A. Loohuis for his
guidance, very distinct approach, help and inputs during the
research process. His expertise and vision shaped an immense
encouragement in the topic and future efforts. Next, | would like
to share my gratitude to Luc Ungerer, the author of the Smart
Industry Maturity Scan, for the opportunity to use it and his
instruction and help with the work process. Further, I would like
to thank the company owners who shared such a sharp portray of
the firm development, as well as all of the employees for their
time and cooperation. Finally, I am grateful to my family and
friends for understanding, help, and support in implementation
of this cross-boundary research.

9. REFERENCES

1) Ancarani, A.,, Mauro, C., D., Mascali, F., (2019)
Backshoring strategy and the adoption of Industry 4.0:
Evidence from Europe, Journal of World Business,
ISSN 1090-95186,
https://doi.org/10.1016/j.jwh.2019.04.003.

2) Bauer, H., Baur, C., Mohr, D., Tschiesner, A,
Weskamp, T., Alicke, K., Mathis, R., et al., (2016).
Industry 4.0 after the initial hype, McKinsey report

3) Beier, G., Niehoff, S., Ziems, T. et al. (2017)
Sustainability aspects of a digitalized industry — A
comparative study from China and Germany.
International Journal of Precision Engineering and
Manufacturing-Green  Technology. 4:  227.
https://doi.org/10.1007/s40684-017-0028-8

4) Black, K. (2010) “Business Statistics: Contemporary
Decision Making” 6" edition, John Wiley & Sons

5) Brettel, M., Friederichsen, N., Keller, M., and
Rosenberg, M., (2014). How virtualization,
decentralization and network building change the
manufacturing landscape: An industry 4.0 perspective.
International Journal of Mechanical, Aerospace,
Industrial and Mechatronics Engineering, 8(1), 37-44.

6) Burmeister, C., Littgens, D., and Piller, F.T., (2016),
Business Model Innovation for Industrie 4.0: Why the
“Industrial Internet” Mandates a New Perspective on
Innovation. Die Unternehmung, 70(2), 124-152.

7) Carvalho, N., Chaim, O., Cazarini, E., Gerolamo, M.,
(2018) Manufacturing in the fourth industrial
revolution: A positive prospect in Sustainable
Manufacturing, Procedia Manufacturing, Volume 21,
Pages 671-678, ISSN 2351-9789,
https://doi.org/10.1016/j.promfg.2018.02.170.

8) Geisshauer, R., Schrauf, S., Koch, V., & Kuge, S.
(2014). Industry 4.0 — Opportunities and Challenges of
the Industrial Internet. PricewaterhouseCoopers
Aktiengesellschaft Wirtschaftsprifungsgesellschaft

9) German Federal Ministry of Economic Affairs and
Energy (2014), “German Mittelstand: Motor der



10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

deutschen Wirtschaft”, German Federal Ministry of
Economic Affairs and Energy, Berlin.

Ghulam, Y. (2019) Smes’ credit conditions during the
financial crisis in Europe. Prague Economic Papers, 28
(1), pp. 105-125. Retrieved from
https://www.vse.cz/pep/672

Internet of Things World Report (2018), What Is
Keeping loT Executives Up at Night. Retrieved from
https://get.knect365.com/iot-world/executive-report/
Ivanov, D.A., Ivanova, M.A., Sokolov, B.V. (2018)
Analysis of transformation trends in enterprise
management principles in the era of Industry 4.0
technology SPIIRAS Proceedings, 5 (60), pp. 97-127.
Retrieved from
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85057564737&d0i=10.15622%2fsp.60.4&partnerI D=
40&md5=ca006405751bf88951ed7ee151¢c133b3
DOI: 10.15622/sp.60.4

lyer, A., (2018) Moving from Industry 2.0 to Industry
4.0: A case study from India on leapfrogging in smart
manufacturing, Procedia Manufacturing, Volume 21,
Pages 663-670, ISSN 2351-9789,
https://doi.org/10.1016/j.promfg.2018.02.169.
Kagermann, H., Helbig, J., Hellinger, A., & Wahlster,
W. (2013). Recommendations for implementing the
strategic initiative INDUSTRIE 4.0: Securing the
future of German manufacturing industry; final report
of the Industrie 4.0 Working Group: Forschungsunion.
Kang, H.S., Lee, J.Y., Choi, S. et al. (2016) Smart
Manufacturing: Past Research, Present Findings, and
Future Directions. International Journal of Precision
Engineering and Manufacturing-Green Technology. 3:
111. https://doi.org/10.1007/s40684-016-0015-5

M. Fitzgerald, (2016), Will the internet of trees be the
next game changer? Interview with Eric Hansen and
Scott Leavengood, MIT Sloan Manage. Rev. p. 57.
Retrieved from
https://sloanreview.mit.edu/article/will-the-internet-
of-trees-be-the-next-game-changer/

Miiller, F., Jaeger, D., Hanewinkel, M. (2019)
Digitization in wood supply — A review on how
Industry 4.0 will change the forest value chain
Computers and Electronics in Agriculture, 162, pp.
206-218. Retrieved from
https://www.scopus.com/inward/record.uri?eid=2-
s2.0-
85064327908&d0i=10.1016%2fj.compag.2019.04.00
2&partnerlD=40&md5=5212e681f7890c188aa59028
f35093fd DOI: 10.1016/j.compag.2019.04.002
Miiller, J.M. (2019) Business model innovation in
small- and medium-sized enterprises: Strategies for
industry 4.0 providers and wusers Journal of
Manufacturing Technology Management.

Miller, J.M., Buliga, O.and Voigt, K.I. (2018),
“Fortune favors the prepared: how SMEs approach

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

business model innovations in Industry 4.0”,
Technological Forecasting and Social Change, Vol.
132

Miiller, J.M., Kiel, D. and Voigt, K.I. (2018), “What
drives the implementation of industry 4.0? The role of
opportunities and challenges in the context of
sustainability”, Sustainability, VVol. 10 No. 1,
Oesterreich, T.D., & Teuteberg, F. (2016).
Understanding the implications of digitisation and
automation in the context of Industry 4.0: A
triangulation approach and elements of a research
agenda for the construction industry. Computers in
Industry, 83, 121-139.

Peukert, B, Benecke, S., Clavell, J., Neugebauer, S,
Nissen, N., Uhlmannet, E., et al.(2015) Addressing
sustainability and flexibility in manufacturing via
smart modular machine tool frames to support
sustainable value creation. Procedia CIRP, 29, 514—
519.

Safar, L., Sopko, J., Bednar, S., Poklemba, R., (2018)
Concept of SME Business Model for Industry 4.0
Environment, TEM Journal. Volume 7, Issue 3, Pages
626-637, ISSN 2217-8309, DOI: 10.18421/TEM73-
20,

Thiede, S., Juraschek, M., Herrmann, C., (2016)
Implementing Cyber-Physical Production Systems in
Learning Factories, Procedia CIRP, Volume 54, Pages
7-12, ISSN 2212-8271,
https://doi.org/10.1016/j.procir.2016.04.098.

Thoben, K., Wiesner, S., and Wuest, T., (2017).
Industrie 4.0” and smart manufacturing-a review of
research issues and application examples, Int. J.
Autom. Technol}, 11(1), 2017

Ungerer, L., V., (2018) Constructing A Multi-
Dimensional Smart Industry Scan, Retrieved from
https://essay.utwente.nl/75362/1/Ungerer_IBA_BMS.
pdf

Vaidya, S., Ambad, P., Bhosle, S., (2018). Industry 4.0
— A Glimpse, Procedia Manufacturing, Volume 20,
Retrieved from
https://www.sciencedirect.com/science/article/pii/S23
51978918300672

Wang, S., Wan, J.,, Li, D.,, & Zhang, C. (2016).
Implementing Smart Factory of Industrie 4.0: An
Outlook. International Journal of Distributed Sensor
Networks. https://doi.org/10.1155/2016/3159805

Y. Bo, H. Wang (Eds.), (2011) The application of
cloud computing and the internet of things in
agriculture and forestry, IEEE, pp. 168-172

Yang, J., Basile, K., (2019) "The impact of corporate
social responsibility on brand equity”, Marketing
Intelligence & Planning, Vol. 37 Issue: 1, pp.2-
17, https://doi.org/10.1108/MIP-02-2018-0051

Zhuge H. (2015) Semantic linking through spaces for
cyber-physical-socio intelligence: A methodology
Artificial Intelligence. vol. 175. Issues 5-6



10. APPENDICES
10.1 Appendix 1: Multi-dimensional smart industry scan by Ungerer (2018)

Table 2. Multi-dimensional smart industry scan by Ungerer (2018)

Aspects Measurement Questions Answers:

(1) Not at all, (2) to
some extent, (3)

advanced,
(4) semi advanced,
(5) fully
Introduction 1. Our industry is characterized by many rules and regulations
questions (1), a small number of dominant technologies (2) and is

unique and isolated from other industries (3)

2. Our industry is characterized by clear rules and regulations
(1), there are a variety of proven dominant technologies for
both production and products themselves (2) which provide
perspectives for the future.

3. Our industry is characterized by few rules and regulations
(1), uncertainty of future developments, many competing
technologies for both production and products themselves
(2) and there is a large amount of cross-fertilization with
other industries (3).

Our industry changes rapidly over time.

We can form a good picture of what our future looks like
and what opportunities we can take advantage of.

6. We are mainly concerned with what is going on in our
market today and there are opportunities but also
uncertainties that we are trying to understand.

7. We mainly rely on experiences from the past when
opportunities arise.

1. Strategy and 8. To what extent are industry 4.0 strategies implemented
organization within the organization

9. To what extent do digital features, products & services
contribute to the overall value creation of your organization?

10. To what extent do you record and tail the implementation
status of your industry 4.0 strategies?

11. To what extent do you use the data gathered for creating
value within the organization?

12. To what extent is innovation essential within the strategic
plans of the organization?

2. People and 13. To what extent are employees within your organization up-
organizational to-date with the knowledge regarding industry 4.0?
culture 14. To what extent is the management focusing on

implementing industry 4.0?

15. To what extent is the communication between management
and employees open?

16. To what extent do employees easily adapt to changes and
learn to apply this new knowledge?

17. To what extent is the culture within your organization
capable and willing to carry out the effort to transform the
organization in order to digitalize?




3. Products
and customer
services

18.

To what extent are the products offered by your organization
digitized?

19.

How would you rate the current implementation of industry
4.0 related to the products in your product portfolio?

20.

How would you rate the current implementation of industry
4.0 throughout the phases, which your product goes
through?

21.

To what extent do you gather customer feedback for
improvements in the future?

22.

To what extent does digitization within your organization
help you to satisfy your customers?

4.  Customer
interfaces

23.

To what extent do clients use the Internet as a tool to interact
with your organization?

24.

To what extent do you use different channels for interaction
with your customers?

25.

Customer data can be gathered in different ways. To what
extent do you use customer data to boost the judgement
about your customers?

26.

The customer journey entails the phases, which a customer
goes through when communicating with an organization. To
what extent is your customer journey digitized?

27.

To which extent does the digitization within your
organization enable you to work together with customers?

5. Value chain

28.

To what extent does your organization focus on improving
digitization within the value chain?

29.

The horizontal value chain entails the chain from customer
order, production, logistics, and marketing to service
(Michael Porter, 1985). To what extent is your horizontal
value chain digitized?

30.

To what extent are you already collecting machine data and
process data during the production of a product?

31.

To what extent do you experience delays in your value
chain?

32.

Do you consider the machinery used in the value chain to be
digitized?

6. Technology
and IT
management

33.

To which extent do your focus on new technologies to
actively contribute and empower operations within the
business?

34.

To which extent is the department that is responsible for the
information technologies capable to accomplish business
requirements in the requested time, quality and cost?

35.

To which extent do you manage the overall requirements
from digitization and Industry 4.0 of your Information
technologies?

36.

To which extent do you produce value through the use of
available technology in your organization?

37.

To what extent is your organization focused on technology
and using technology in their processes?

7. Institutional
awareness

38.

To what extent can you ensure that your digital compliance
policy is state-of-the-art and is mature?

39.

To which extent is your intellectual property for your
products and services protected?




40. Rules and regulations can be of importance in decision-
making. To what extent are you up-todate with regards to
the rules and regulations of the implementation of industry
4.0?

41. Taxes can be seen as a hidden cost and can bring unforeseen
costs. To what extent do you check potential tax impacts
when considering new industry 4.0 driven circumstances?

42. The new European privacy legislation (GDPR) gives
extended rights to consumers and customers. Some of these
can be summarized in Subject Access Requests, namely: the
right of information, the right of modification, the right to be
forgotten and the right of data portability. To what extent are
you able to answer Subject Access Request in an automated
way?

10.2 Appendix 2: Radar charts used during the workshop with the firm A
Radar Chart on All Aspects (A)
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10.3 Appendix 3: Radar charts used during the workshop with the firm B
Radar Chart on All Aspects (B)
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10.4 Appendix 4: Radar charts used during the workshop with the firm C
Radar Chart on All Aspects (C)
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