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Abstract

This thesis focuses on the implementation of Industry 4.0 in medical technical industry (med tech). The
aim of the thesis is to get a sufficient evaluation on the Industry 4.0 implementation in a German medical
technology enterprise, and also to find suggestions for improving the implementation. Two main
research questions are studied in this thesis: “What is the maturity level of Industry 4.0 in a German
med tech enterprise with comparison to automotive enterprises?” and “How to overcome barriers and
improve the Industry 4.0 level in the med tech enterprise?” The thesis uses qualitative analysis with case
study as the main research method. Automotive industry is used as reference and supporting the
comparative case study. A historical review and a survey with open and closed questions are used for
the data collection and analysis. Compared with automotive enterprises, the med tech enterprise is
limited in the aspect of smart factory/production with Industry 4.0 implementation by various special
regulations, but nevertheless there is much space and potential to develop Industry 4.0 in other aspects

like smart business, smart product, and smart customers, as well as some new business modes.

Background: This master thesis mainly focuses on the interplay of industry dynamics, technology, and
innovation. It is located in the field of Industry 4.0 and digitalization.

Objectives: Analyze the Industry 4.0 maturity level in a med tech enterprise, identify barriers and seek
suggestions to improve the maturity level.

Methodology: Case study/Survey/Historical Review

Results: Med tech and automotive enterprises are different in the maturity levels for Industry 4.0, the
med tech enterprise has a lower maturity level than automotive.

Conclusions: Compared with automotive industry, the med tech industry is falling behind in
implementing Industry 4.0, but there is much space for improvement from various production processes,
especially in customer interaction field and also with the trend of some new business models associated
with the progress of Industry 4.0 in the whole society.

Recommendations for future research: Detailed actions and methods for improving the Industry 4.0
maturity level in med tech industry could be discussed; methods for launching new business models in
med tech industry can be pictured; the influence of different type of regulations on med tech industry
and automotive industry could be compared and analyzed further.

Keywords: Industry 4.0; med tech; automotive; regulation; smart business; smart factory; smart
customers
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|. Introduction

The concept of Industry 4.0 has been brought up for almost ten years. During this period, various
industries have made different progress with implementing Industry 4.0. The primary concept is briefly
referring a new way of organizing the industrial production, where customers can directly communicate
with production machines for individualized products (Andre, 2019). For example, customized products
are produced based on the requests and needs of each single costumer. Furthermore, there is
communication between the producers and customers in after sales: problems, issues, and parameters
about the products during usage are measured and sent directly to the manufacturer. To realize these
communication and interaction, sensors, machines, product parts, and IT systems need to be connected
via internet, which is the tool that pushes Industry 4.0 up to a completely new level (Armengaud, o.a.,
2017). Digitalization and Industry 4.0 is a symbiose of technology and innovation, it sets important
impact to the dynamic development of different industries.

I.1. Problem formulation, research questions and delimitations

Industry 4.0 suggests a synonym for progress in digitalization and in process optimization. But the
realization of Industry 4.0 can be naturally assumed to be different in various countries and various
industries since different organizations have different implementation barriers (Raj, Dwivedi, Sharma,
Jabbour, & Rajak, 2020). The med tech is chosen as focus point in this thesis since it is an important
industry in Europe, acting in an essential field of human safety and health. This importance came up
more and more during the pandemic situation and the need for ventilators, almost made in Germany.
From the literature review, it seems that Industry 4.0 is less well established in med tech, but due to
different maturity models in the investigation a valid scientific comparison cannot be drawn: there is a
gap in the investigations of the exact situation in various processes in medical industry for implementing
Industry 4.0.

The starting point of this master thesis is the maturity level of Industry 4.0 in medical technology
industry (med tech, for short). Subsequently, the research will move forward to study how to improve
the implementation of industry 4.0 in med tech industry with identifying barriers and discussing
responding solutions and actions.

Instead of focusing only on med tech industry itself, the automotive industry as a reference industry is
used for a valid comparison. Medical devices are mostly driven by regulations to secure healthy and
safe medical products (Javaid & Haleem, 2019), and seems not active enough in Industry 4.0 utilization.
Although the automotive industry is also regulated by hundreds of laws and regulations, it has still been
driven by innovations and high-cost pressure for implementing industry 4.0 in not only mass production
but also various production processes. Furthermore, automotive industry has also been making proactive
or even aggressive attempts with new business models based on industry 4.0. This industry could be
regarded as an iconic pioneer for implementing Industry 4.0 (Sinay & Kotianova, 2018). It is thus
interesting to see the difference between the two industries through a comparative study. Firstly, the
maturity level of med tech industry could be intuitively presented with reference from automotive



industry. The comparison makes the positioning and maturity gap of med tech industry in the
implementation road clearer among various industries in the society. It is necessary to know this
sufficiently before making further analysis and plans. The comparison helps med tech industry to see
where to improve, and gives opportunities to learn from success practice and to adapt already proven
experience. This could be a method, which can save extensive time and money and can be generalized
in another industrial context. Secondly, the research moves to the practical issue about how to improve
the implementation. To propose advice, solutions, the barriers in Industry 4.0 implementation need to
be clarified, and further analysis in respective production processes could be performed towards these

barriers with reference from experiences in automotive industry.
Based on the problem formulation thoughts, the research questions are formulated:

RQI: What is the maturity level of Industry 4.0 in a German med tech enterprise

with comparison to automotive enterprises?

RQ2: How to overcome barriers and improve the Industry 4.0 level in the med
tech enterprise?

The research questions will be answered through a structure of case study method on the med tech
industry with automotive industry as comparative reference. Survey analysis and historical review will
be employed separately to study the two industries for both of the two questions. The scope of the
research target is detailed and limited into a large Germany med tech company which provides
comprehensive med tech products. The company would work as a typical representative reflecting the
status of industry 4.0 implementation in the med tech industry. The analysis targets of the automotive
industry as reference are mostly vehicle-related enterprises with headquarters in Gothenburg (Sweden)
and only very few from Asia and only one from United states. The industries and analysis targets are
explicitly chosen for a clear and focused investigation area; a transfer to other industries is possible but
not in the scope of this thesis.

1.2. Thesis structure

After a short introduction to the topic of the thesis, the literature review in the theoretical field of Industry
4.0 will be presented. The maturity level in the general industry is then reviewed with a theoretical
background of the production process to form the theory frame of the research. Subsequently, barriers
and problems in implementation are reviewed to assist the research on how to improve the Industry 4.0
implementation. In chapter 3 the used methodology of the thesis is described. In the chapter 4 the
empirical findings are demonstrated. Chapter 5 contains the analysis of the empirical data and
discussions. It investigates how to mitigate the limitations brought up by the barriers in a theory and
also discuss how to improve the Industry 4.0 level. In chapter 6, the review and analysis of the previous
chapters will be summarized in the conclusion part.



2. Literature review and theories

2.1. Basics of Industry 4.0

The term “Industry 4.0” was first brought up in 2011 on the Hanover Fair by a research group from the
Research Union Economy-Science under German Government. Its name reflects the relationship
between this advocation and the former three times of industrial revolution. It also reveals the vision of
German government to facilitate a new era of industry production and strengthen the position of
manufacturing with advantages for Germany (Kagermann, Wahlster, & Helbig, 2013). For Industry 4.0,
researchers were aiming to make a fusion of automated production and digitalization, which could be
regarded as a new industry revolution. It illustrates the future production in an intelligent, efficient,
adaptive, and cooperative way, where the product values are conveyed from customers through supply
chains, via production lines to end products.

From the beginning until today, research and arguments on the concept, definition, and frame scope of
Industry 4.0 have never ceased, since the term itself is abstract and relatively wide. The original report
from Kagermann emphasizes the utilization of Internet of Things and Services, abbreviated by IoT and
IoS. Suppliers, warehouses, machines, storages, and many other elements in the production system are
connected in a net. Elements can exchange information and interact with each other individually,
flexibly, efficiently, and sustainably. This is the blue map of Smart Factories (Kagermann, Wahlster, &
Helbig, 2013).

According to Roblek’s opinion on Industry 4.0, there are three main aspects of Industry 4.0:
digitalization of production, automation of production, and linkage of production. (Roblek, Mesko, &
Krapez, 2016). Among all the aspects and components, Industry 4.0 is associated with many sub-
concepts: smart factory, smart manufacturing, intelligent factory, new systems for developing products
and services, self-organization, smart product, new systems for distribution and procurement, adaptation
to human needs, CPS, smart city, digital sustainability, etc. Except for importance of digitalization and
element communication, Zezulka also introduced the factor of new market models for implementing
Industry 4.0 (Zezulka, Marcon, Vesely, & Sajdl, 2016).

Lichtblau specially described some scenario of developing smart products. With the implementation of
Industry 4.0 a highly automated production leads to monitored and controlled production in a smart
factory. The products and/or the production are equipped with active and passive elements to collect
data. This also enables a communication between costumer and manufacturer, which allows to set up
new services (Lichtblau, et al., 2015).

Based on the development of opinions, research, and experience on Industry 4.0, Qin’s research
systematically divided the scope of Industry 4.0 into four aspects: smart factory, where all resources are
connected and the factory operates consciously and intelligently with product planning and designing
simulated and controlled independently; smart business, where all factors in value chains from demand,
supplier, resources, logistics until production and customers are linked together with intelligence and
self-organization; smart products, which automatically interact with customers and give feedback to



clouds or to manufacturers for product maintenance, optimization, and improved service; smart
customers, who can directly reflect customer needs and demand to manufactures (Qin , Liu, &
Grosvenor, 2016).

In general, from the beginning up to today, the concept of Industry 4.0 has expanded from smart
production to the whole product life cycle along various value chains. It is not only about hardware and
physical objects being connected in plants, but it also encompasses all the processes, units, entities, and
stakeholders related to the product life cycle. The expanded scope of Industry 4.0 emphasizes the
capability of digitalization for enhancing production efficiency and furthermore for improving
cooperation and efficiencies over all the product life cycle processes.

After the concept of Industry 4.0 was brought up, many countries and organizations realized the great
potential and significance of this concept. In the United States, some companies initiated the
investigation and exploration of Industry 4.0 right after the news in Hanover and started the Industrial
Internet Consortium (IIC) to facilitate research and application on Industry 4.0. There are other
organizations which are also dedicated to hosting workshops and platforms for fostering and cultivating
Industry 4.0 implementation. In UK, the EEF (the Manufacturers Organization) describes the trend as
industrial revolution (4IR) and carries out various communications and reports for persuading
government and the society to pay attention to Industry 4.0. In France, the transformation was initiated
as “New Industrial France”, and the government used tax incentives to encourage investments in this
field; they supported many projects in key technology areas, ranging from digital technology and
additive manufacturing to automation and energy efficiencies. In China, the government brough up the
slogan of “Made in China 2025” to change the situation of China manufacturing as “big but not strong”.
The transformation aims to enhance the level of intelligence, automation, and innovation of China
manufacturing for better competence. Similarly, Japan industry initiated the “Industrial Value Chain
Initiative” to facilitate the connection between production and manufacturing. In South Korea, the
government launched the transformation as “Manufacturing Innovation 3.0” to integrate manufacturing
with information technology (Oztemel & Gursev, 2020) (i-SCOOP, 2021).

For the implementation of Industry 4.0, various roadmaps and strategies have been proposed. Butt
presented a strategic roadmap of Industry 4.0 divided into seven phases or steps: defining the business
problem and case context; measuring the business and relevant market segment with data collection;
evaluating the Industry 4.0 readiness of the case; designing and optimizing the performance with
numerical and statistical tools; developing prototype; validating simulation design with the prototype;
and the final phase implementing the prototype in manufacturing. The phases show a clear detailed
action plan for developing Industry 4.0 in a specific industry field (Butt, 2020). From another viewing
perspective, Ghobakhloo brought up a strategic roadmap toward Industry 4.0, which is composed of six
aspects, including strategic management, marketing, human resources, IT, smart manufacturing, and
smart supply chain management. (Ghobakhloo, 2019).

Along with the wave of Industry 4.0, countries and industries are all having various responding plans
and actions; however, the medical device industry is a special one which is directly concerning
customers’ or users’ health and is crucial for everyone’s life. Thus, there are many strict regulations



constraining medical industry operation. It is exceptionally interesting how medical industry reacts to
Industry 4.0 with its special importance and restrictions for product quality. Industry 4.0 enforces the
establishment of “robust and agile manufacturing processes”, which is the base for less defects due to
an active quality management. The strict regulations together with the complex application of launching

changes or completing new medical devices require a manufacturing process which can secure quality.

In med tech production and in products itself concepts for implementation of Industry 4.0 are set up. In
the production, Industry 4.0 is used to collect the required data for a good manufacturing practice. Online
measurement systems collect data through the whole production process and in real time. The quality
of collected data could be improved by electronic data records compared to handwritten/paper-based
records. The potential risk of manipulating data from a third party is much smaller (Ding, 2018). In
Industry 4.0, capability of analyzing and monitoring is also realized with the use of big data (da Silveira,
Neto, Molinar Machado, Silva, & Gongalves Amaral, 2019), which is called Process Analytical
Technologies (PAT). It enables managers to use big data and big data analytics to make decisions.
Automation with PAT also improves the quality of the industrial process and mitigates defects. There
is also the option to communicate quality relevant data beyond the own enterprise in order to connect
raw material data from suppliers with the in-house production process. If there are raw materials which
do not meet quality standards, they would be identified by the monitoring system and discarded before
used in the production. Interruptions in the supply chain could be avoided. Furthermore, the Food and
Drugs Administration (FDA) in the USA raised an effective control from a regulatory aspect: the
“quality by design” paradigm as key part of the continuous production improvement. Compared with
the conventional quality control, it has the opportunity to manage quality in a predictive and proactive
manner. (Ding, 2018) Industry 4.0 enables first med tech products to provide an loT-based data
exchange between the medical device and the health service as alternatives to medical support
(Trinugroho, 2014). It offers new solutions for digital “intelligent hospitals, drug control and remote
medical services” (da Silveira, Neto, Molinar Machado, Silva, & Gongalves Amaral, 2019). Further IoT
technology developments bring sensors to the ability to identify the physiological parameters of patients
during hospitalization (Catarinucci, 2015). Wearable devices can monitor the health conditions in real
time and share this to diagnose remotely (Zhang, 2015).

When it comes to the Industry 4.0 to automotive industry, the situation is different. The use of automated
or autonomous robots in automotive industry has been growing rapidly in the recent decade. In 2019,
the automotive robotics had an industry size of 6.63 billion USD and is predicted to be doubled by 2027.
The rising trend in this industry can be seen for the Al-integrated robotics and data-driven process in
smart factories where all things are connected. The robotic arm sub-industry of the industry is the main
segment and is expected to even have a 23.5% compound average growth rate in coming years, as well
as the sub-industry of automotive painting (McBurnett, 2021).

Beyond the implementation in automated production, Sinay briefly introduced the full scope of elements
of Industry 4.0 in automotive industry, which is the main economy in Slovak. The elements include
augmented reality, virtual assembly, 360-degree networking, autonomous robots and machines, smart
factory, higher flexibility, increased efficiency, higher speed, intelligent logistics, and 3D printing. He
described that the information flow in Industry 4.0 is across all the stakeholders, users, and producers



involved in Industry 4.0 value chains (Sinay & Kotianova, 2018). For purchasing and supply chain,
Gottge and his colleagues found that enterprises should use collaborative platforms to implement co-
creation of specifications, automated prequalification, parameter-based negotiation and more interactive
communication between suppliers, manufacturers, and end-customers. The implementation of Industry
4.0 should effectively reduce the transaction costs (Gottge, Menzel, & Forslund, 2020). For the after-
market aspect, Manohar pointed out that Industry 4.0 is particularly important for automotive industry
to seize opportunities for optimizing product planning, creative services, and customized interaction via
data communication with customers or even potential customers. It is also of great significance for
product design, supply chain management, inventory management, and operational downtime
optimization. The automotive industry has a great future for continuing expansion of production value
with Industry 4.0, but also faces competition and challenges from new technology companies (Manohar,
Industry 4.0 and the digital transformation of the automotive industry, 2015).

In general, the Industry 4.0 implementation is still limited in quality control field in med tech production,
with a clearly different state-of-art compared with automotive industry. There is a research gap to clarify
what is the exact maturity level of Industry 4.0 implementation in med tech industry and how to improve

the implementation.

2.2. Maturity evaluation theories

Along with the progress of Industry 4.0 strategies, roadmaps and implementation, there has already
emerged the research topic of evaluating the readiness and maturity of Industry 4.0. In the scientific
context, maturity models are used. “Maturity models describe the development of an entity over time.
This entity can be anything of interest: a human being, an organizational function, etc.”” (Wendler,
2012). To compare results in a relevant and plausible manner, an optimal standardized model should be
adapted to the requirements of the research question: “What is the maturity level of Industry 4.0 in a
German med tech enterprise with comparison to automotive enterprises?”’

According to Wendler measurement criteria like “conditions, processes or application targets” must be
defined first in the maturity model. If there is only one criterion, it is a one-dimensional maturity model;
if there are several criteria, it is a multi-dimensional model (Wendler, 2012). There are several
dimensions required to describe and to classify the maturity in Industry 4.0, meaning it needs a multi-
dimensional model. The second factor for a maturity model is the level definition, i.e. the extent from
low to high of each dimension.

Pacchini and his colleagues performed a general review on relevant research models, and then divided
the criteria into eight categories or dimensions: internet of things, big data, cloud computing, cyber
physical systems, collaborative robots, additive manufacturing, augmented reality, and artificial
intelligence. For each aspect, the maturity level or is scored from 0 to 3 with readiness level from “No
Competence” to “Fully Ready”. The scores of each aspect are averaged later and then divided by the
full scores. The final maturity levels are given in percentage (Pacchini, Lucato, Facchini, & Mummolo,
2019). Due to the importance of digital enterprises in the Industry 4.0 map, Pulkkinen and his colleagues
focused on the maturity evaluation of digital experienced enterprises. They identified six main key



performance areas as dimensions for the evaluation: strategy, business model, processes, performance
indicators, interfaces, and information flow. In the evaluation results for suppliers in the digital extended
enterprises scope, the average development level of Industry 4.0 improved remarkably from year 2016
to 2018, especially in areas like production and logistics, strategy, etc. (Pulkkinen, Anttila, & Leino,
2019)

There are some other maturity and readiness level evaluation models for Industry 4.0 implementation,
which have similarities to the models proposed by Pacchini and Pulkkinen. There are several overall
review articles on the models, e.g., by Kolla, Bertolini, Ramos, et al. (Kolla, Minufekr, & Plapper, 2019)
(Bertolini, Esposito, Neroni, & Romagnoli, 2019) (Ramos, Loures, & Deschamps, 2021).

In this thesis, the maturity level across the product life cycle is to be investigated. Because of this, the
fundamental dimension frame is the processes in the product life cycle. The product life cycle can be
sketched as Figure 1. However, in the real practice in industrial production and business operation, the
marketing and after-sales activities are all involving interactions with customers, thus the two processes
are common to be integrated into one process or aspect, making the fundamental dimension frame
possible to be evolved into a more practical dimension frame which will be used in the maturity model
for this thesis. The dimensions in this frame are:

— smart business (all factors in value chains from demand, supplier, resources, logistics to
production and customers are linked together with intelligence and self-organization)

— smart factory (where all resources are connected, and the factory operates consciously and
intelligently with product planning and designing)

— smart customers (who can directly reflect customer needs and demand to manufactures)

— smart products (automatically interact with customers and give feedback to clouds or to

manufacturers for product maintenance, optimization and improved service
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Figure | - Product life cycle with focus groups of Industry 4.0

The foregoing dimension frame will be matched and rated by maturity levels. A good and common
capability level system is available with ISO/IEC 33020 which defines the process capability levels in

Table 1 as a standard.

Table | - Process capability levels from ISO/IEC 33020 (Hammerschmid, Kormann, Moser, & Reiner, 2017)

ID  Capability level Description

0 Level 0: Incomplete process No implementation of the process or the purpose is not achieved

1 Level 1: Performed process The process purpose is achieved

2 Level 2: Managed process The performed process is implemented in a managed fashion

3 Level 3: Established process The defined process can achieve its process outcomes

4 Level 4: Predictable process The established process operates predictively within defined limits. Measurement
data is collected and analyzed to identify causes of variation

5 Level 5: Innovating process The predictable process responds to organizational change and is continually
improved

To these capability levels, Bahner ranked the capability levels in the context of Industry 4.0 in a pwc
report for maturity study on some strategic business aspects in med tech industry (Behner, et al., 2017).
The capability levels were used to perform the interview and survey for evaluating the maturity level.
In addition to the capability model, the level “0” has been added. This maturity level definition will be
used for the dimension frame to match. After matching the selected dimension frame with the maturity
levels above, the matching result is shown in Table 2: the top row is defined by the dimensions of
Industry 4.0 and the left column gives the capability levels. For a clear understanding in the survey, the
bullet points of Behner’s maturity level definition are explained.



Table 2 - Adapted maturity model

ID  Capability level
(Behner, et al,,
2017)

smart business
(Purchasing and
supply chain)

smart factory
(engineering of
production
interfaces and
production)

smart customers
(marketing and
after sales)

smart products
(research and
development of
the product)

0 Level 0: no
implementation
planned

1 Level 1: analog
player

2 Level 2: digital

novice

3 Level 3: vertical
integrator

4 Level 4: horizontal
collaborator

5 Level 5: digital

champion

2.3.

one of the following
aspects is digital
linked to the
production:
demand, supplier,
resources, logistics”
two of the following
aspects is digital
linked to the
production and
cross aspects:
demand, supplier,
resources, logistics

three of the
following aspects is
digital linked to the
production and
cross aspects:
demand, supplier,
resources, logistics
demand, supplier,
resources, logistics
until production
and customers are
linked together
with intelligence
and self-
organization

The implementation is not planned.

“subprocesses are
digitized and
automated”

“integration of
process
and data flows
within
the company”

“data [of the
production] flows
with customers and
external partners;
intensive data use”

“Fully integrated
partner ecosystem
with self-optimized,
virtualized
processes and
decentralized
autonomy”

Barriers in Industry 4.0 implementation

“Online presence
separated from
offline
channels; product
focus instead of
customer focus”
“Multichannel
distribution
with integrated use of
online and offline
channels; data
analytics
deployed (e.g., for
personalization) ”
Individualized
customer
approach and
interaction, together
with value chain
partners”

“Integrated customer
journey management
across all digital
marketing and sales
channels with
customer
empathy and CRM”

The implementation is planned, but not started yet.

“First digital solutions
and isolated
applications”

“Digital product and
service portfolio with
software, network
(M2M), and data as
key
Differentiator”

“Integrated customer
solutions across
supply
chain boundaries;
collaboration with
external partners”

“Development of
disruptive new value
proposition with
innovative product
and
service portfolio; lot
size of one”

In this thesis, finding out the maturity level of Industry 4.0 in med tech industry is just the first question

handled in this thesis, and the second question is to explore the knowledge territory for overcoming the

barriers and improving the implementation. Regarded as the fourth industrial revolution, it can imagine

that there must be challenges and difficulties on the road of implementing Industry 4.0. The barriers

come from various aspects since Industry 4.0 itself includes wide and profound changes in industry and

society.

Some typical barriers in research are summarized as below in Table 3:



Table 3 - Typical barriers in research

Researcher Main barrier Secondary barriers

Glass, et al. Missing standards Lack of talents and knowledge
Lack of standards and regulations

Raj, et al. Lack of digital strat d ’

aj, eta ack of digital strategy and resource | | _ | technology

Horvath & Szabo | Organizational resistance Lack of standards and leadership

Maria, et al. Lack of digitalization competency Lack of cooperation

Miiller, et al. Social concern Lack of competency

Stewart, et al. Regulation

Glass and his colleagues performed a survey research in German speaking countries and found that
missing standards is the most challenging barrier, followed by lack of relevant talents and knowledge.
Furthermore, the overall low level of maturity is also an obvious barrier. There is a remarkable
difference between SME (small and medium enterprises) and large enterprises: SME are much less
concerned with IT security issues than large enterprises, but at the same time they need more support
from politics and technologies than large enterprises (Glass, Meissner, Gebauer, Sturmer, & Metternich,
2018).

Raj and his colleagues investigated about 15 Industry 4.0 implementation barriers in fields of
technology, legal factors, and society, etc. They found that the lack of digital strategy along with
resource scarcity is the most significant barrier in most countries. Yet, there is an obvious difference in
the major influencing factors between developing countries and developed countries. For developing
countries, the lack of standards, regulations, and forms of certification is the most important barrier,
while the low maturity level of necessary technology is the most important barrier for developed
countries. Besides, the high investment cost, value-chain integration, data security and resistance to
change are also common barriers in various countries (Raj, Dwivedi, Sharma, Jabbour, & Rajak, 2020).

Horvath and Szabo performed comprehensive interviews and identified some barriers, among which the
organizational resistance seems to be the largest one. However, their research also specifically points
out that the standardization is crucial for implementing Industry 4.0. Furthermore, leaders and
management with creative and open mindsets in process-centered operation network are important. The
research also found that multi-national companies have a larger driving force and less barriers than small
and medium size enterprises (Horvath & Szabo, 2019).

In Norway, Maria and her colleagues performed a survey specifically for the oil & gas industry and
manufacturing industry. While they confirmed the new ICT technology as the main driving force for
digitalization for Industry 4.0, they also found that the insufficient digitalization competency of
employees is one of the major obstacles for implementing Industry 4.0. The people working in the
companies need relevant IT skill and data analysis skills. Besides, the industry has been lacking best
practice networks and closer collaboration with academic organizations (Mogos, Eleftheriadis, &
Myklebust, 2019).



Most of the investigations on the implementation of Industry 4.0 focus on technical aspects and
organizational aspects. Miiller specifically investigated the barriers for implementing Industry 4.0 from
the perspective of workers. He found that social concerns like fear of losing jobs or being replaced by
automated machines is one of the main reasons for resistance against Industry 4.0 among workers. Many
conservative workers have no sufficient trust in new technologies. Furthermore, concerns of lacking
competencies and supports are commonly seen. Actually, some of these concerns are associated with
organizational resistance, which needs the management to provide solid support for employees to
develop competence and reduce the resistance (Miiller, 2019).

Stewart investigates the impact of regulation on innovations in the US. Industry 4.0 is an innovation
with impact on the production. According to this paper, there are three innovation dimensions of
regulations: flexibility, information, and stringency. Industry 4.0 supports primarily the information
dimension by promoting “more complete information about the product”. In a study of 1987, they find
reduced market innovation due to a resulting compliance uncertainty, but several years later the market
innovations are rebounded. Regulations inhibit in this interpretation in a first stage the innovation of
Industry 4.0 but this proportion will be re-allocated after some time (Stewart, 2010).

It can be seen that the most common and remarkable barriers for implementation Industry 4.0 is lack of
standards and regulations, then lack of competency and social concerns in organizations. The barriers
will be examined in the research and analysis part and then be suggested with improvement advice.



3. Methodology

3.1. Research design

Towards the two research questions “What is the maturity level of Industry 4.0 in a German med tech
enterprise with comparison to automotive enterprises?” (RQ1) and “How to overcome barriers and
improve the Industry 4.0 level in the med tech enterprise?” (RQ2), the research strategy will be described

in this chapter. It is summarized in following Figure 2.

Empirical findings, data

Research methods

and research design analysis, theory building

and conclusion

Theoretical frame

eevaluate seized data

edisplay findings (Chapter 4)
eanalyse result (Chapter 5)
econclud the thesis (Chapter 6)

edefine the research
strategy (Chapter 3)

ecreate a survey

esetup the Industry 4.0 theory
background and maturity level
model frame which also
serves RQ2 analysis (Chapter 2
- Literature review)

Figure 2 - Research plan of the thesis

The theoretical frame is set in the context of a literature review to sharp the borders of the research and
the analysis. In this literature review the med tech industry is identified as the main research topic in
Industry 4.0 and the automotive industry is chosen as a reference target. Different research methods
were analyzed for the thesis analysis, and a case study was identified as best fitting method. The reason
for choosing this method is case study is suitable when the phenomenon under investigation is difficult
to study outside its natural setting and the concepts and variables are difficult to quantify (Ghauri,
Gronhaug, & Strange, 2020). For the med tech case investigates a German med tech enterprise referring
to their status of Industry 4.0 implementation and inner view for improving the maturity level. There are
many perspectives and various variables to evaluate and there lacks a universal standard to perform the
evaluation. This scenario makes case study the best fitting method to perform the investigation,
especially there also exists a reference group which could work as a comparative case. The
reference/comparative case is set up from various enterprises all acting in the automotive industry. This
case forms a comparative case study as the top layer method design. The main focus of this thesis and
case study is on the maturity details and improvement potential of Industry 4.0 implementation.

According to Yin there are basic designs for case studies, and these four types are displayed in Figure
3. The cases are subdivided in the clusters holistic/embedded and in single/multiple case design. The
single case is a set type which suits the research purpose in this thesis, since this type is used if “a
particular case is critical, and we want to test use it for testing an established theory”. In the research
design we have a critical - extreme - case: Industry 4.0 in a Germany med tech enterprise is special and
extreme, due to high and external limits of implementation. A further argument for the single case is the
approach to develop a theory, which is connected to the inductive approach. According to Ghauri this



forces a single case. From another perspective, the study covers various aspects of Industry 4.0 processes
which indicate multiple units of analysis. The two perspectives define the study as Type 2: single case
associated with embedded multiple-unit analysis. The automotive industry will be used as reference case

supporting the study on med tech industry and providing some inspiring hints.

Single case design Multiple case designs

Holistic
(single unit Type 1 Type 3
of analysis)

Embedded

(multiple units Type 2 Type 4
of analysis)

Figure 3 - Basic design for case studies (Yin, 1994)

For secondary research methods, historical review and survey will be used for both of the two research
questions. The general research method structure is shown in Figure 4 below.

Case: a Germany med tech enterprise in med tech industry
compared with automotive enterprises

. S TE—— T e .
i Methods | | Contents .
i Historical review |~ —5—# Maturity evaluation :
i m— i[ 1: Ho“f_ to o‘\.rerlf:-ome i
! ! barriers and improve !

Figure 4 - Research method structure

To answer the research question 1, the current maturity level in med tech enterprise has to be
investigated. Comparable data on the current level of implementation of Industry 4.0 in automotive
industry is needed. Depending on the maturity level model, quantitative data will be gathered via survey
method. The historical review contents will be assisting the quantitative analysis.

To answer the research question 2, a detailed insight into the med tech industry is required. The data for
this question will be mainly qualitative since the investigation of potential for enhancement will be based
on subjective feedbacks from open answers by med tech respondents from one enterprise. To compare
the qualitative results, some reference data for the automotive industry is necessary. This reference study



will be supported by closed questionnaires to analyze several automotive industry branches.
Furthermore, barriers for digitalization are be identified through this methodology. The historical review
contents will also assist the qualitative analysis here. The main point is the understanding and

interpretation of the subjective data. With these methods and analysis, a comparative case study is set

up.

3.2. Data gathering method

The following Table 4Error! Reference source not found. shows the different data sources to answer
the research questions. For the historical review part, many documented materials are collected for the
two research questions, like individual opinion blog, enterprise media press, journals, and also online

video clips.

Table 4 - overview sources

Source Source category Used for

Engineering Newspaper article Documentary Historical review
Interview in journal Documentary Historical review
Individual opinion blog Documentary Historical review
Enterprise media press Documentary Historical review
Video clip Documentary Historical review
business report Documentary Historical review

Survey with predefined answers Survey Survey study

Survey with open questions Survey Survey study

In the chosen comparative case study, a survey with closed and open questions is created to get
information about the maturity level and options to enhance the maturity level. A questionnaire is used
to collect the data to answer the RQ1 and RQ2. The purpose of using survey is to have a constant
framework for each participant and the opportunity to show predefined answers via good visualization
for the maturity level. The purpose could not be realized in an interview as easy as in survey analysis.
Furthermore, the participants have more flexibility to answer to the survey since they do not need an
interview host at the same moment. Due to the pandemic situation during the data collection time, the
survey will be done from distance. This is a further benefit of a survey. A digital form is chosen since it
is a combination of structured open questions and questions with fixed answers.

The survey will be structured into three parts: a part to gather background information about the
participant, a part to ask for the maturity level and a part to ask for barriers and enhancing options:

— [part 1] - A structured survey in a standard format to classify the answers based on the
background of the answering participants. The base information is important to put the answers
about the maturity level in part 2 in a context to part 1. There will be no difference in the setup
for med tech and automotive.

— [part 2] - A structured survey on the maturity with fixed answer options. To analyze the maturity
level in a previously adapted and defined model, fixed answers are used for comparability with



results of the historical review. There will be no difference in the setup for med tech and
automotive.

— [part 3] - A structured questionnaire to evaluate options for enhancement of the maturity level
in different fields. For med tech, this part consists of open questions allowing for self-defined,
creative and free answers. For automotive industry, the answers are predefined due to the aim

of a reference group.

The questionnaires were sent out to 30 participants, 9 participants from a German med tech firm and 21
mainly from different automotive industry enterprises in Gothenburg/Sweden and very few from Asia
and one from USA. For med tech industry, the participants are expected to bring feedbacks with deep
thinking about the issues in the industry with individual reflections, so the part 3 is mainly composed
by open questions and the questionnaires are only sent to limited number of experts who have long
experience and insights in the companies. For automotive industry as reference, it is more expected to
show a statistical significance to demonstrate the pre-assumed theories and facts to support analysis, so
the part 3 is mainly by multiple choice questions for seeking intuitive results. The questionnaires are
thus sent to a larger number of participants.

To limit the answer options in the definition process of the methodology, the scope and the characteristic
of the unit are important to classify. The scope of the associated research question can be clearly defined
to be a med tech enterprise with their head quarter in Europe/Germany and a worldwide acting supply
chain. The focus is especially on a large enterprise which is more than 5 years on the market. The chosen
med tech enterprise is more than 100 years active. It is a German med tech industry acting world-wide
with more than 60,000 employees. For the digital questionnaire with open questions in part 3, the med
tech participants are explicitly chosen based on their special working experience; meanwhile for
automotive, the participants are randomly chosen according to their knowledge in the automotive sector
(different companies and different departments). The target group of the interview are responsible
engineers, managers, scientists, and knowledge carriers in the field of the two industries. The med tech
participants are explicitly asked for participation, since they are in the relevant positions of research and
development, purchasing and supply chain, production, marketing and after sales department. The
analysis focuses on the general status of the enterprise in med tech industry, and the accessible
population for med tech and automotive industry has to be defined: at least one questionnaire with open
ended questions should be answered by one specialist from each part of the product life cycle in med
tech. To have a comparable answer model, a clear structured model with predefined answer options
should be used — in the present case, the quantitative data will be collected in part 1 and part 2. The
survey guide is shown in Appendix 8.1. In the first part (Question 1 to 7), the questions are closed and
have pre-defined answer options. In part 2, the maturity level is evaluated in order to Industry 4.0 in
each dimension. The answer options are additionally documented in Table 12 in the Appendix 8.1. Part
3, it is about the experience and knowledge of each interviewee with Industry 4.0. This part mainly
focuses on research question 2.

In the reference group automotive industry, there are questions 1-5 similar to the med tech industry in
part 1, and then question 6-9 for the maturity evaluation in part 2. The part 3 of the survey for automotive
begins with question 10 for examining the barriers in automotive industry. Based on the foregoing



literature review, the question in the survey directly gives multiple choices for respondents to choose
and makes the barriers more intuitive and systematic for leading respondents to clearly understanding
and evaluation on the barriers. Afterwards, the question 13 requires feedbacks from respondents for the
views on new business modes emerging with the progress Industry 4.0. The views are rated from 1 to 5
corresponding to “absolutely not agree” till “absolutely agree” that the new business models are
indicating the future of industrial production based on Industry 4.0. In the end, there is open question
for collecting the extra comments, suggestions, or thoughts from respondents about Industry 4.0.

For the perspective of participants’ privacy of the survey required by GDPR: the survey is anonymous,
the survey does not ask any question directly for the participants’ working company or any other
question for participants’ personal identity. All the feedbacks from participants are presented in the
thesis here without any other hidden information. All the feedback information will only and can only
be used for this thesis work. After the whole thesis work is completed, the survey projects will be deleted
from the survey platforms.

3.3. Data processing and analysis

3.3.1. Methodology for historical review

The historical review data will be summarized and analyzed in order to support the findings of the
survey, especially for med tech. A study on the maturity level in med tech by PricewaterhouseCoopers
(pwc) will be taken into consideration to support the findings of the maturity survey, the additionally
described enhancing options support the answers of the participants. This is important since there are
less studies in the field of this research topic. Further, an article in an engineering newspaper “VDI
Nachrichten” on the development of regulatory affairs in the US in a particular field of med tech - the
dialysis - will be summarized and set in the context of this thesis. It is an exemplary view on the med
tech topic showing the interaction between regulatory affairs and technology. Additionally, an interview
from the technical journal “Medizin und Technik” is analyzed and the key points are shown in the
historical review. A videoclip from a tech-channel on digitalization in medical devices industry is
transcribed and further analyzed with the method of summarization. (Titscher, Wodak, Meyer, & Vetter,
1998) All four sources will be evaluated, summarized and then compared with regard to the following
aspects: aspects to current digitalization level, to barriers in implementation and to potentials in Industry
4.0 in med tech industry. The data sources will be chosen with respect to their credibility: pwc is a
renowned company consultant in Germany, “VDI Nachrichten” and “Medizin und Technik” are well
known publishing companies in the field of engineering in Germany and the tech-channel on
digitalization is founded by Siemens, a global player in Industry 4.0. Because of that the sources can be
classified as trustworthy and the results will be supported with the results of this study, too.

For the historical review data on the automotive industry, resources on various topics and ideas were
intensively read, summarized, and argued in the sequence of the product processes. For each process,
the reviewed materials come from public opinion commentary articles, commercial magazines,
individual blogs, consulting company reports, online social videos, as well as official websites of related



OEMs. The different forms of the materials contribute to the evaluation of Industry 4.0 implementation
in the automotive industry from the perspective of the historical review.

3.3.2. Methodology for part | and 2 of the survey

During the survey data to background information [part 1] and to the maturity level [part 2] are gathered.
The whole raw data of the interview is checked for plausibility and consistency; for example, it is
checked if answers for med tech are also given in the background information “med tech”. The answers
on the maturity level and the background information will be plotted in several bar charts showing their
frequency. For this the software “R” will be used. For each of the industries, the analysis will cover the
four aspects (maturity categories) and processes described in the maturity level evaluation part: smart
business, smart factory, smart product, and smart customers. For each maturity category, there are
histograms based on the frequency density of the answers to each maturity level. In these charts a
distribution function will be plotted, too. The mean of the answers is analyzed with an independent one
tailed t-tests in order to find out whether there is a statistically significant difference between med tech
and automotive. The t-test is a parametric test and requires a normally distributed, independent data set
with comparable variance. It is calculated as shown in the following formula with the means “x”, the
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standard error “s” and the number of observations “n”:

(Bevans, 2020)

For the t-test, the alternative hypothesis “true difference in means is not equal to 0.” and a 95%
confidence interval are used. If the p-value is smaller than 0,05, there is a statistically significant
difference between the mean of both samples. The connection between the background information and
the answers on the maturity model is analyzed using Likert charts.

3.3.3. Methodology for part 3 of the survey — med tech

The answers to the digital questionnaire are documented in a database. The analysis of the answers
follows the method for qualitative content analysis (Morgenstern-Einenkel, 2020). In contrast to the
methodology analysis for an interview, the answers are already transcribed. After the data collection,
the answers are categorized and unified in order to analyze the barriers of implementation and the
enhancing options. The categorizations are done according to the matrixes in Appendix 8.2, and word
phrases are categorized in key words. The



Table 9 to Table 12 in Appendix 8.2 show the defined categories for question 8, based on text phrases
together with a key word and the full category. After the categorization the named frequency of each
category is counted and used as a criterion for importance of the category. Answers which aren’t solving
the asked questions are marked with “-”. The categories are set up as generalization of the given answers.
(Mayring, 2015) Additional to the categorization the findings are summarized for each item in the
context of the answers relating to the relevant department. This summarizing is based on the data
reduction through categorization. For question 12 there is no categorization performed, since it is generic
question. The results will be verbally summarized.

3.3.4. Methodology for part 3 of the survey — automotive

For questions 10 and 11 about existing barriers and space for improvement, the feedback from the
respondents is calculated in percent for each answering option. For question 12 about views on new
business modes for Industry 4.0, the ratings are presented as percentage of the total respondents, too.
For question 13 asking for further comments, suggestions and thoughts, the feedbacks are categorized
according to the corresponding production processes. Some feedback is related to various processes and
this are put in the “comprehensive” category. Feedback which is not directly linked to any production
process are put in the “general” category.

3.4. Credibility, Reliability and Validity

Credibility and reliability of the results of a study increase with the number of different cross structured
data sources which are involved. It is important to ensure the cross structure by choosing relevant
participants for the case study, due to limited resources the sample size is limited too. If participants
from different departments and structures can be guaranteed, then having only one specialist might not
be a limitation of the results of the case study for a specific enterprise in implementing Industry 4.0.
Similar to an interview, the participants are well-chosen according to the previously defined criteria
rather than randomly selected like in a survey. To get a higher validity, the results will be supported
additionally by the historical review data. In med tech there is a specific enterprise chosen but not
released since the results of the case should be objective and anonymous. If there is a connection
between case and enterprise, the answers in the interviews might be influenced by the concern of
information leakage to competitors. Since Industry 4.0 is a complex topic, enterprises with more than
5000 employees are chosen — for enterprises with this size, there might be potential know-how and
resources in the company and there are strategic decisions for implementing Industry 4.0. Due to the
widely ranged experience of the participants, the analysis in these large enterprises will give sufficient
results to develop approaches on how to improve the maturity level.



4. Results and data

In this chapter, the results of historical review and the data from case study with survey are presented.
It begins with the historical review which studies the current Industry 4.0 situation based on
documentary materials like interviews, videos, newspapers and other sources. The two industries are
investigated separately.

4.1, Historical review

4.1.1. Historical review on med tech industry

The relevant studies on the maturity level in med tech are less compared to other industries. As
mentioned in the last chapter for methodology, four different sources will be analyzed for med tech
industry: a study from PricewaterhouseCoopers (pwc) on the maturity level, a newspaper article about

dialysis, a journal interview of a physician and a videoclip on digitalization from tech-clarity/Siemens.
Study from pwc for maturity level (reference 1)

An important observation on the maturity level in med tech was done by pwc in the study “Digital
readiness in med tech — How a diverse business is adapting to Industry 4.0”. The motivation of this
study is the improvement of the “operational and financial performance” due to the implementation of
“internal and customer-facing applications” (Behner, et al., 2017). In the past, med tech industry has
been an industry with constant growth and revenue, but this has been changing in the last years — a
market consolidation creates large players with a wide range of product portfolio (Behner, et al., 2017).

The study investigated 20 med tech participants (distinguished in the med tech segment, in their
customer type, product type and served market) and three different categories: digitalization of products,
business model and operating model. For example, the medical aids sector is lagging much behind the
surgical products and diagnostics in product digitization. Consequently, it will be useful to differentiate
the products and companies according to their product digitization. In the second dimension — business
model — the market and costumer access were analyzed. Using digital sales channels, the market reach
can be easily extended with low costs. It is possible to interact with the costumer and to have a costumer
specific communication based on individual preferences. Preferences of hospitals, pharmacies and
physicians can be taken into account as a special service, e.g. order quantities, or logistics. In dimension
3 — the operating model, the production processes and the value chains are investigated regarding the
application of Industry 4.0 solutions in these areas. The analysis shows that enterprises having diverse
costumers reach a higher maturity level than enterprises which sell exclusively to clinical experts or
institutions. This is due to an agile and flexible production approach which is needed to meet the
requirements of the diverse customers. The production should be adapted to the “varying service
requirements of different costumer profiles.” (Behner, et al., 2017). Producers of medical aids have a
maturity level which is close to the digital champion; this is because of the high-volume production with



small margin. Thanks to digitization, they are able to analyze their production, the demand and sales,
making the production process more effective and cost saving.

In conclusion, the whole med tech industry remains on a low maturity level as seen in Figure 5. “For
example, no player has developed a digital ecosystem comprising multiple players and steps across the
value chain.” (Behner, et al., 2017).

Maturity
assessment

Digital champion

Horizontal collaborator

Vertical intagrator

Digital novice

Analog player
0 Medical aids
Digitization of Business modeal — Operating modal — I X X
products and digitization of market digitization of value g'ag_rgj‘-‘“cs st
services and customer access chains and processes urgical pros 2

Figure 5 - Comparison of the three dimensions vs. industry branch (Behner, et al,, 2017)

Med tech has the potential to lower the production costs by using digital tools and to create more value
for their patients and costumers. Based on the results of the survey, strategic implications for this
industry can be identified: direct data access to the costumer-relevant information is important, the
companies will thereby enhance their digital patient management. It is further recommended for the
whole industry to check the aptitude of transfer methods from other industries, for example fast moving
consumer goods. (Behner, et al., 2017)

Interview from “Medizin and Technik” (reference 2)

In the journal “Medizin und Technik” an interview was conducted with Prof. Dr. med. Dr. rer. Nat. Felix
Balzer, an anesthesiologist and computer scientist. Because of his studies, he is experienced in medicine
and technics: he knows the perspective of the costumer as well as the technical view, and so he can give
interesting inside information.

In the analysis of digitalization of med tech products, the data collection process together with the view
of the users are essential aspects. Balzer mentioned in an interview that high-frequency data recording
medical devices are necessary, but the most important aspect is the interface to share this data. If there
is a huge amount of data, all devices should be compatible and share the data in a secure way with the
information systems. There is one interface in the medical science which is already established: the Fhir
standard — but the interface has not been implements in the products at all. To use recorded data,
information systems in hospital are needed. The medical report adoption model investigates the digital
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readiness of hospitals around the world: The hospitals are evaluated with a ranking from 1 (analog
player) to 7 (digital champion — processes without paper). In Germany there is currently one hospital
ranked on level 6 and none on level 7; in contrast to the US (2000 hospitals level 6 and 150 hospitals
level 7), the hospitals in Europe are mostly ranked on level 3 or 4. (Balzer, 2021)

Article in “VDI Nachrichten” — impact of regulatory affairs (reference 3)

Regulatory affairs influence the conditions for med tech. Consider for example dialysis in the US. A
dialysis needs a dialyzing machine and consumables like blood lines, dialyzers and bicarbonates:
products from different industry branches of med tech. The newspaper “VDI Nachrichten” reports about
a fundamental change in the treatment. Nowadays, around 93 % of the patients have to go to a dialysis
center every two days and spend around 5 hours there to clean the blood; the equipment for this is as
big as a refrigerator. The US government passed a decree that in 2030 about 50 % to 80 % of the patients
will have to be either treated at home or get a transplanted kidney (Donner, 2021). With this background,
the market for dialysis tools will change: the machines will have to be smaller and lightweight. In the
meantime, the relevant costumer — today the clinics and dialysis center — will be the patients direct. A
new business model will be needed. In the context of Industry 4.0, new aspects for disposals and the
machines will appear: the future lies in portable dialysis machines for home dialysis.

Video clip on Digitalization in the Medical Device Industry (reference 4)

The videoclip by siemens/tech-clarity describes the challenges of digitalization and ideas for
advancement in med tech industry. According to this clip, the reduced profitability, the increasing
complexity together with the global competition, high cost pressure and high regulatory requirements
force a change in business models from the decision maker. The development of products is not
integrated; the departments work separately and ineffectively. Using digitalization, the whole product
life cycle from development to production and after sales can be optimized by connecting data from
different departments and development steps: the coherent data should be leveraged across borders.
Moreover, data collection in production, quality control and on-market are one aspect of this leverage.
The after sales feedback from the market can be directly implemented into product developments and
generates transparency. The digitalization process is already implemented in other industries; the
knowledge should be transferred to med tech.

Overall analysis of the references 1-4

In the references 1, 2 and 4, it is indicated that med tech is on a lower level of implementation of Industry
4.0 than other industries. Reference 1 mentions different branches of med tech with isolated digital
champions and reference 2 points out a low digitalization level on costumer side. Reference 4 identifies
a non-integrated product life cycle and inefficiency as major causes for a reduced profitability, and it
stresses the necessity of changing the business model to a digital one.

The aspect of barriers in implementation is also discussed in the references 1, 2 and 4. According to
reference 1 and 4, the so far missing price pressure was a barrier because there was no pressure to act.
In reference 2, Prof. Balzer points out the missing implementation of the standardized interface.
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Ideas for improving the maturity level of Industry 4.0 are presented in all four references. In reference
1, the study from pwc emphasizes that the implementation of digital products in the medical aids sector
will improve the digital patient management. In the business model category, digital sales channels and
further digital interaction between the costumer and the producer are recommended. In this context, the
direct data access to the costumer is another activity to raise the maturity level mentioned in reference
1, 3 and 4. In reference 3, Balzer discusses recording data using medical devices from a more costumer
point of view and points out the missing implemented standardized interface. In the dimension of
production, the different processes should also collect data (reference 4) and be able to adapt to the
specific customer requirements. A particular change of customer requirements is pointed out by the VDI
newspaper in reference 3; due to the changing regulatory affairs, the dialysis industry has to adapt the
technology to make home dialysis possible. The suggestion to transfer methods from other industries
is given in reference 1 and 4. In reference 4, the development of products with coherent data across the
whole product life cycle is additionally stated as a possibility to enhance the maturity level and to reduce
costs.

4.1.2. Historical review of automotive industry

There have been already many studies on the Industry 4.0 implementation in automotive industry with
different focuses on the multiple processes. From the perspective of product life cycle, the examination
starts at the purchasing and supply chain in traditional product cycles which are the pre-condition for
production. In the era of Industry 4.0, the complexity and efficiency requirement have brought up the
need to increase performance and efficiency of purchasing and of the supply chain. The new situation
involves a digital supply chain in order to facilitate the closer cooperation between OEMs and suppliers
even in a stage as early as purchasing. Using digital tools and systems, both parties can reduce material
lead time, improve the prediction and the planning of production and inventory (Kern & Wolff, 2019).
Manohar also pointed out in the magazine “Automotive World”: “Being predictive is better than being
reactive”. It is important to analyze the data in order to optimize resources in various processes and to
reduce risks. With a good analysis, the supply chain could contribute to a much better manufacture
ecosystem (Manohar, Industry 4.0 and the digital transformation of the automotive industry, 2015). In
the meantime, Manohar also pointed out the data security is the most important risk factor, which is
among the three main barriers highlighted by Kern and Wolff: Standardization, data security, and
working environment.

The most important concept in Industry 4.0 is the Internet of Things which links the suppliers and the
factory production lines, and which integrates all the data of the sensors and data management systems
in the factories. In public videos of the Volvo Cars vehicle plant in Torslanda (Gothenburg, Sweden),
the production line is shown to have high flexibility of the SPA platform vehicle production. The line
can produce all the vehicle models V60, S60, XC60, V90, S90, XC90, as well as the Cross-Country
versions and Plug-in versions of each model. One minute, the line is assembling a XC60, but the next
minute it is already working on a S90. Each vehicle has a work sheet on it, but the robots and employees
are probably relying more on bar codes and RFID (Radio Frequency Identification) to identify each
vehicle and fetch suitable parts for it. The customer orders are broken into thousands of smaller parts
and then given to the planning system for purchasing and logistics. After the parts from the suppliers
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arrive at the factory warehouse, they are taken to the production lines for assembly (TheWheelNetwork,
2021). Here, the customer orders, suppliers, single parts, and specific vehicles are linked together by the
data system, internet, and various identifying tools in the production lines. Manohar emphasized that all
stakeholders could see the dependencies on each other via these connections and monitor the material
flow as well as the amount of time for each process (Manohar, Industry 4.0 and the digital transformation
of the automotive industry, 2015). However, this is not the only proficiency of Industry 4.0 in production
lines. Ari pointed out that big data and machine learning algorithms can even monitor and trace all
production data in order to identify failures, investigate root causes, predict potential failures, and plan
necessary maintenance. By doing so, the Bosch factory increased the production output about 10%
(Soffer, 2019). The article also implied the first investment would probably be the main barrier since it
costs hugely for the production line transformation, but it is definitely worthy for a long-term return.

In the marketing and sales process, traditional OEMs sell the products after production, but more and
more people and organizations promote the new mode of individualized orders. It actually is partly due
to the concern of production waste and environmental protection. The traditional production mode was
“Build to Stock”, which means that products were manufactured with some traditional production plan
and send to stock in factories and then to dealers. This does not reflect the real customer order needs.
Because of this production mode, many materials and energy were wasted, and money was spent in
various processes from supply chain, factory warehouse, and dealers parking lot. Sometimes
manufactures even need to sell extra cars with prices lower than cost. Parry and Roehrich pointed out
that for several years before they wrote the article there had been the trend that automotive manufactures
had been changing from Build to Stock towards the mode of Build to Order, which means that
manufacturers only produce cars which have been already ordered by customers. This greatly reduces
the production uncertainty, the redundancy in planning, and the risk in sale. In the meantime, the costs
in various processes declined (Parry & Roehrich, 2013). Simultaneously, the internet development and
the implementation of Industry 4.0 make the Build to Order go one big step ahead: individualized orders
from customers are now possible. Unlike in the age of Ford T-model when everyone had to buy the
same color and same shape T-model, customers can make individualized orders for completely
personalized cars for themselves in the age of Industry 4.0. A typical example is the BMW Individual
Manufaktur Visualizer, where customers can directly choose series, body style, model, wheels, paints,
various interior components, and also exterior parts. Customers are creating hundreds of thousands of
different orders and can directly see the 3D visualization of the ordered car. Nowadays, this is already
a common way for ordering new cars for everyone. However, the mass production of individualized
orders is a great challenge for purchasing and supply chains. It comes into use with feasibility also with
the help from Industry 4.0 enabling high efficiency with digitalized supply chain and smart factory. In
the meantime, the heavy investment requirement is again a major barrier for the production innovation,
together with social concerns to labor market.

As discussed in previous sections, Industry 4.0 is capable to much more than just improving the
efficiencies of processes directly linked to production and sales. All OEMs know that convenient and
competitive after-sales are one of the most important key factors to retain customers. Because of the
need for providing high-level after-sales services, quite a number of new companies providing solutions
for helping OEMs in this area have emerged. As Imaweb noted: “The database: a tool at the service of
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the customer relationship.” OEMs need to keep communicating with customers after sales, and
databases can help to achieve a professional and satisfying service experience. For a start, the OEMs
and workshops can give at least fast responses to customer’s problems, arrange workshop maintenance,
and prepare partly in advance, resulting in a quick solution to customer needs (Imaweb, 2021). The
BearingPoint Institute also pointed out that OEMs are in advantage compared to independent workshops
because they can directly receive vehicle diagnostic data and follow-up directly to the driver. Connected
cars are going to be normal in the future (Loebich, 2021). Indeed, nowadays OEMs can do even more.
Consider for example Volvo Cars, which promote the Volvo on Call application and service. Car owners
can not only use mobile app to start pre-heating and unlock doors, but they can also monitor all the
crucial vehicle data like fuel consumption, driving journal, maintenance status, and they can even send
destination to car GPS navigation and explore new places. Cars are getting more and more like
intelligent robots satisfying the cars owners mobility needs (Volvocars, 2021). The data of the cars help
the OEMs to learn about the customers using habits and needs and provide better services.

In the meantime, the data about the interaction of OEMs and customers is not only used for better
services, but also serves directly as feedback for product research and development departments in
product optimization, from car intrinsic powertrain demands based on customers driving style and
driving conditions, to complex function needs like user experience needs for vehicle control and
entertainment needs. Schnurrer and his colleagues explained the mechanism very clearly: beyond using
the diagnostic data in customer cars for arranging maintenance and workshop service, OEMs can
directly send the problem to R&D department to fix in short-coming product updates and future product
design. The real driving data can greatly help R&D teams to train the Al in the ADAS systems in order
to achieve assisted driving and autonomous driving. By using data to push engineering development
work, the R&D budget can be reduced about 10% (Schnurrer, Boilard, & Juckenack, 2018). Although
the OEMs have born advantage to perform in the after-sales and continuous product design areas, but
the data security is also an important barrier and customers may be more and more cautious with sharing
these data. The changed thought and improved interactions experiences with the OEMs is also important
since if the conservative way of working is not changed towards the new technical world, the after-sales
market and process will be quickly occupied by individual service providers or new technology
companies and the data sources from customers might be taken away, too. Only after securing this, the
practical actions can come to filtering customer needs efficiently and improve products effectively.

Furthermore, the wide utilization of data which evolved in the framework of Industry 4.0 also brings
new business models, which are changing the trend and the future for manufacturing industries. First of
all, Tesla promoted a surprising but nevertheless revolution in automotive industry: they built cars with
60 kWh battery but locked 20 kWh of it and customers needed to pay to unlock even so they customers
had already bought and used the cars. Tesla also built cars with disabled Autopilot function but included
all the necessary hardware, and customers need to pay thousands of dollars to get this function activated
via a software update. Around 30% of total value of Tesla cars can be unlocked by customer with after-
sales purchasing just via online operation like buying an app in apple store. This had never happened in
automotive industry before, but is no doubt reforming the ways to gain revenues and benefits in the
industry (Lambert, 2016). There are other changes in the business models. According to statistics, the
sharing economy will reach 335 billion USD in 2025 and 86 million Americans will use sharing
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economy by 2021 (Petrov, 2021). Dauner and his colleagues in BCG pointed out: the self-driving cars
and shared car services provide new mobility options. The consumers are changing their thoughts about
buying cars. The business model of selling cars to individual owners may also change (Dauner, Lang,
Jentzsch, Heller, & Westhoft, 2017). More OEMs will invest the fleet-operation mode and change roles
from product producers to service providers. This also highlights again the enormous invest in the

starting period of the new business models like Uber and others relying on great size of venture capitals.

From the historical review we can see that Industry 4.0 is happening in various processes in automotive
industry and is profoundly changing the whole appearance of the industry. Moreover, there are
interesting and challenging new business models which are emerging and growing; this makes it a
perfect reference target to study and to compare with the med tech industry. There are also obviously
common barriers during the implementation, such as heavy investment, data security, lack of standards,

technologies, and associated social concerns.

4.2. Empirical findings

In this chapter, the data of the survey will be shown. The presentation of the data is separated in the
three parts described in section 3.2. Part 1 — background information - is shown independently of the
participants’ extended knowledge area (automotive or med tech). During the data analysis of part 2
(maturity level), the answers will be separated for the two industries. In part 3 (options for improvement)
the methodology is discussed separately for med tech and automotive.

The raw data of the interview has been checked for plausibility as mentioned in the methodology
chapter; there was indeed an implausibility in the raw data: one participant of the interview mentioned
producing a class IIb med tech product in automotive industry — this in implausible and the branch of
industry has been changed to med tech.

4.2.1. Data display of part |: background information

The structured questionnaires were sent to 35 participants, 30 interviewees took part in the survey and
send the answers back. As visualized in Figure 6, nine participants are from the med tech background
and 21 interviewees are familiar with the automotive industry. The interview question is: “In which
industry you are experienced? (if you have both, please vote for that one with most knowledge)”

med tech

[ T T T T 1
0 5 10 19 20 25

number of participants

Figure 6 - Proportion med tech/automotive (answers to question [)

The answers of the nine interviewees to the interview question: “In which med tech product classes
you are familiar with? (only applicable if med tech in question 1)” are shown in
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Figure 7. One interviewee chose the overall med tech group; this is shown in the barplot with the label
“medtech”. 89 % of the participants in med tech have knowledge in the context of a medical device

class II. All med tech participants took part in the case study with open questions.

Class b ‘
I 1 1 1 1 1 1
0 1 2 3 4 5 6

number of participants

Figure 7 - Med tech participants (answers to question 2)

There are two different groups of the interview participants: participants from med tech and from
automotive. For question 3: “In which part of the product life cycle you have working experience? (if
you have both or more, please vote for that one with most knowledge)” these two groups select the
associated departments. At least one expert from each relevant departments participated in the study as
shown in Figure 8. In the class “Other Departments” there are all departments summarized which
support the process along the product life cycle, like management, controlling, quality, e.g.

O med tech
B automotive

Research and Development

Purchasing and Supply Chain

Production

Other Departments (Quality, Controlling, e.g.)
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Figure 8 - Overview number of participants classified with departments (answers to question 3)

Figure 9 shows the amount of employees in the enterprises of the interviewees; these are the answers to
question 4: “How many employees does the enterprise have where you get an individual insight? (if you
are in concern, use this amount of employees)”. In med tech, 88,9 % of the interviews work in an
enterprise with more than 5000 workers. In the automotive area, there are enterprises from 21 to more
than 5000 employees present; around 62 % of the answers are related to an enterprise with more than
5000 workers. No participant said to have an individual insight in an enterprise with less than 21
employees.
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Figure 9 - Enterprise sizes of relevant enterprises (answers to question 4)

In question 5, the participants were asked for the time the enterprise has been active on the market:

“How long is your enterprise acting in the field of med tech or automotive?”. The answers are shown in

Figure 10. 26 of 30 (86,7 %) interviewees answered that the enterprise act for more than 5 years in the

relevant field, 13,3 % of the enterprises are five or less years old, but have at least one year activity in

this area. No start-ups with less than one year time on the market are represented in this interview.

O medtech

B automotive
more than 5 years

number of participants

Figure 10 - Time on the market (answers to question 5)

As mentioned before, the case study in med tech is restricted to a company with headquarters in Europe.

In automotive industry, there are participants with the headquarter in Asia and North America, too.

Question 6 is: “Where is the headquarter located, where you got your knowledge?”. The corresponding

answers are shown in Figure 11. None of the participants answered that the headquarter is in Africa,

South America, or Oceania.
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Figure || - Overview about the location of the headquarters

In summary, a heterogeneous data set for the analysis of the maturity level is available; participants from
both industries, different department and different continents took part.

4.2.2. Findings of part 2: maturity level analysis

According to the maturity model described in chapter 2Error! Reference source not found., the
maturity level is evaluated with respect to four dimensions: smart business, smart factory process, smart

customer process and smart product development.

In the first dimension — smart business — the participants were asked: “How do you see the maturity
level in smart business according to your enhanced knowledge area? (all factors in value chains from
demand, supplier, resources, logistics until production and customers are linked together with
intelligence and self-organization)”. The participants got six different answer options as shown in
chapter 3.

Figure 12 shows how often each maturity level has been selected, and the following Figure 13 presents
the maturity level of med tech industry compared with the automotive industry in a histogram for the
smart business process. The calculated average evaluation level for med tech is slightly behind the
automotive level with level results (2.6 vs 2.4), which is not an intrinsic difference. The t-test gives a p-
value of 0,6917 which reject the HO hypotheses, i.e. there is no statistically significant difference
between automotive and med tech in smart business. For the test an independent normal distributed data
set (see Figure 13) with a comparable variance sd? (1.5 vs 1.02) is used. The distribution of the evaluation
levels in med tech industry is more condensed than in automotive industry, indicating that the people in
med tech industry have more consensus in this aspect.
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Figure 13 - Histogram of answers in smart business automotive vs med tech

In the second dimension — smart factory process — the participants were asked: “How do you see the
maturity level in smart factory according to your enhanced knowledge area? (where all resources are
connected, and the factory operates consciously and intelligently with product planning and designing).”

The participants got six different predefined answer options, as shown in chapter 3.

In the smart factory process, the difference between med tech and automotive industries turns out to be
large. The bar plot with the maturity levels is plotted in Figure 14 in Figure 15 the data is analyzed in a

histogram and a distribution function is plotted.
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Figure 15 - Histogram of answers in smart factory automotive vs med tech
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the smart factory process in the automotive industry is indeed on this stage.

The calculated average evaluation level for med tech is clearly behind the automotive level (results 2.1
vs 3.3). The t-test for both samples yields a p-value of 0,001 — since this value is smaller than 0,05, there
is a significant statistic difference. For the test an independent normal distributed data set (see Figure
15) with a comparable variance sd* (0.84 vs 0.60) is used. The answers of the automotive answers also
show high consensus which means that the people in this industry agree that the Industry 4.0 level in

In the third dimension — smart customer process — the participants were asked: “How do you see the
maturity level in smart marketing according to your enhanced knowledge area? (how can directly reflect
customer needs and demand to manufactures)” The participants got six different predefined answer



options shown in chapter 3. In Figure 16 the answers are shown separately for automotive and med tech.
In the smart customer process, there is an obvious difference between med tech and automotive industry.
The histogram plot corresponding to Figure 16 is shown in Figure 17, it shows the distribution of the

answers referring to the maturity levels.
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Figure 17 - Histogram of answers in smart costumer process automotive vs med tech

The average evaluation level of med tech is again lower than the automotive level (average level 2.0 vs
2.7). For analysis, a t-test is performed. The HO hypothesis is accepted since the p-value for this test is
0,047 which is smaller than 0,05. For the test an independent normal distributed data set (see Figure 17)
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with a comparable variance sd? (1.21 vs 0.5) is used. For the smart customer process, the evaluation
results in the med tech industry show effectively that the majority of people in med tech industry believe
the maturity level in the smart customer process is not really satisfying. For automotive industry, the
opinions from respondents confirm the medium performance of implementing Industry 4.0 in the smart

customer process, but the opinions are less concentrated than those for the smart factory process.

In the fourth dimension — smart product development — the participants were asked: “How do you see
the maturity level in smart products according to your enhanced knowledge area? (automatically interact
with customers and feedback to cloud or to manufacturers for product maintenance optimization and
improved service)” The participants got six different predefined answer options as shown in chapter 3.

In the smart product development process, the difference between med tech and automotive are larger
than in the smart customer process, and even larger than that in the smart factory process; this is shown
by a large gap of the average evaluation levels, see Figure 18 and Figure 19.
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Figure 18 - Number answers to maturity level in smart product development
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Figure 19 - Histogram of answers in smart product development automotive vs med tech

The average evaluation level of med tech is lower than that of the automotive enterprises (average level
1.6 vs 3.0). The performed t-test shows a p-value of 0,0007 and so the p-value is smaller than 0,05; the
HO hypothesis is accepted and there is a significant difference between the two samples. For the test an
independent normal distributed data set (see Figure 19) with a comparable variance sd* (1.53 vs 0.53) is
used. However, the opinions from the people in automotive enterprises are for this question not as
concentrated as those for the smart factory product. It demonstrates again that the position and
performance of implementing Industry 4.0 are rarely being questioned in the automotive firms.

4.2.3. Overall findings connected with the background information

This section studies the answers to part 1 and 2 in a comprehensive way, covering all four business

dimensions and involving interesting background information.

The Likert chart in Figure 20 shows the relationship between maturity level and the departments of the
participants. It seems that participants from the certain departments rank the maturity level in the
corresponding product processes higher than participants from other departments. This can be seen, for
instance, for the rating of the R&D department on the smart product development process and for the
rating of the production department on the smart factory process. A reason for this might be a less critical
view on the own department compared to other departments.
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Figure 20 - Likert chart of the answers maturity level vs. department of the participants

In Figure 21 the relationship between the time of the companies on the market and their maturity levels
is shown. The ratio of the number of enterprises which are 1-5 years and more than 5 years on the market
in med tech or in automotive is around 1:5, as shown in Figure 10. In smart business and smart product
development, young enterprises are making better progress compared to the older ones. This could be
explained by the product development being in an early stage of the product life cycle; longtime acting
enterprises produce long established products without smart connections. For the smart costumer
process, there is no real champion. For the smart factory processes, the maturity level of enterprises
which are more than 5 years on the market is higher than young enterprises. This is because the
implementation of a smart factory needs time; 1- 5 years are not sufficient for this.
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more than 5 years 54% I 6%
1-5 years 25% - 75%
smart.customer.process
more than 5 years 50% 50%
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R Level 0 Level 2 Level 4
esponse
P Level 1 Level 3 . Level 5

Figure 21 - Likert chart of the answers maturity level vs. time on the market

A similar analysis would be possible for maturity level vs. number of employees and maturity level vs.
continents where the headquarters are located. Due to less representative answers for the number of
employees in the classes 0-20 and 21-100 (only one represent), see Figure 9, an analysis will be
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dispensed with. Furthermore, the majority of the headquarters stated in the answers are located in Europe
(15 answers) followed by Asia (5 answers); since the med tech companies are only from Europe as

shown in Figure 11, the analysis will not be performed either.

In total, the interpretations in section 5.1.1 to 5.1.4 can be supported — the largest difference between
med tech and automotive, as shown in Figure 22, is in the smart product development. It is followed by
smart factory process with a difference of about 57 %.
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Figure 22 - Conclusion of maturity level in med tech and automotive

4.2.4. Findings of part 3: open questions

In this section, a setup to display the findings for med tech and automotive enterprises is chosen. For
the med tech enterprise, the open questions to carry out the case study are presented; for automotive
enterprises, which is used as a reference data set, there are closed questions with multiple choice answer
options.

4.2.4.1. Findings of part 3: Med tech open questions

To show the answers to the open questions, the data is categorized and simplified using the methodology
described in chapter 3.3.

In Appendix 8.1 the answers and the categorization for question 8: “How could the maturity
digitalization level in Industry 4.0 in your area of knowledge enhanced?” are given. After
categorization, the most frequently selected categories are ‘Improvement of knowledge through
providing training, education and experts (knowledge and resources)’ and ‘Implementation of digital
tools for management and control of production through data (digital tools)’, followed by ‘Creation of
mindset, reduced barriers in mindset, awareness in thinking for digitalization (mindset)’,
‘Implementation of standard interfaces (interface standards)’, ‘use knowledge from other industries
(transfer knowledge)’, ‘change of current processes to adapt them to the digital world (process
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adaptation)’ and use other ‘digital business models (business models)’. The following Table 5 shows
the referring key word category and the frequency.

Table 5 - Categorized answers in enhancing options

Key word category Frequency
knowledge and resources 3

digital tools
mindset

interface standards
transfer knowledge

process adaptation

P P, NN N W

business models

The following Table 6 shows the answers and the categories for question 9: “Which barriers in your
area of knowledge (part 1) in implementing Industry 4.0 do you see and why? The complete answers
are in Appendix 8.4 printed. The method of categorization has also been used to identify the barriers for
implementing Industry 4.0 in med tech. The most discussed topic in the interviews are the missing
knowledge of relevant employees and missing resources. Because of the frequency of this answer, this
topic is relevant along the whole product life cycle. A further aspect which has been mentioned often:
the pressure to optimize the products and processes is not strong enough. A repeatedly mentioned point
in the answers to the options to enhance Industry 4.0 level and the barriers for implementation is the
mindset for the benefits of digitalization. High complexity, regulatory affairs and data security within
standardized interfaces, are important aspects in med tech, seem also to be barriers for implementation.

Table 6 - Frequency of answers to barriers in implementing Industry 4.0

Key word category Frequency
no knowledge/resources 8

no pressure

wrong mindset

3
3
high complexity 2
regulatory affairs 2

1

data security

The main barriers, identified in question 8 and 9 of the case study, are the lack of knowledge and
resources, missing digital tools and ill-fitting processes. The answers to these two questions are
summarized jointly, since the identification of barriers and their potential improvement are closely
related. In production, it seems that the price pressure in the market will force the use of digital tools;
this in the context of process optimization and cost reduction. This is in the same framework as the use
of process data which has been already measured. Furthermore, products could be electronically
identified and the during the application recorded data can be used to develop the product later on. For
the supply chain, purchasing and marketing, the transformation is shaped by the mindset which sets up
knowledge, training, and education of the employees. A further aspect in supply chain is the
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establishment of standard interfaces for the connection of stakeholders. The establishment of such a
standard is expensive but without it, small and middle-sized enterprise will not have access to Industry
4.0. For the development of products already established concepts and ideas should be transferred, but
money and knowledge resources are necessary for the transfer. For the perspective of after sales, the
project management for implementation is in the focus: there should be a stronger focus on target and
non-target, to plan project in a better way. Another point in the marketing aspect is putting a stronger
focus on the customer needs. This should be the first step; after this the whole supply chain can be
analyzed — to find the best fitting solution for the costumer focus. In conclusion, it needs the right
mindset and knowledge to enhance the digitalization level.

Appendix 8.5 shows the results of the interview question 10 in a structured way: “In which field in your
area of knowledge (part 1) do you see a future potential in pre-production, i.e., customized orders, smart
purchase/supply and why?”. As mentioned in Table 7 the participants of the study see a potential in
changing business models to “costumer to market” with production model “built to order”. This interacts
with the priority “ability to deliver”. With a high frequency, digital tools are named which often aim to
optimize processes and reduce complexity. A further aspect in pre-production are costumized products
in small lot sizes but with an acceptable price. Process standardisation and automatisation move ahead
in the discussion of pre-production — especially in R&D aspects, this is with the aim of cost reduction
and to reduce the time to market. Also in marketing, digital processes reduce the complexity and focus
on the “costumer-to-market” approach — the costumer is the most important person (service, etc.). Using
digital processes, the costumer can communicate his experiences and requirements directly and quickly
to the producer: even before production. For the supply chain and purchasing, a potential is
“everywhere”.

Table 7 - Frequency of answers for potential in pre-production

Key word category Frequency
Customer-to-market 3

Standard digital tools
Reducing complexity
highest aim: ability to deliver
potential everywhere
customized med devices vs. price

process adaption (digitization)

[ = = O = SRt}

data monitoring on market

The answers to the fourth interview question “Which potential in your area of knowledge (part 1) do
you see in after-production, i.e., in-use interaction, data mining, continuous upgrade, shared economy
and why? " are categorized and documented in Appendix 8.6. The frequenzy of the categorized answer
are shown in Table 8.
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Table 8 - Frequency of answers for potential in after-production

Key word category Frequency
patient data mining 3

product data mining

costumer focus

built to order

3
3
Six sigma processes 1
1
transfer knowledge 1

1

digital tool

For participants of the study in production, the after-production data mining from patient and from
product is interesting because it allows to learn issues/problems directly from the market. These ideas,
the post market surveillance (complaint data, etc.) and the product/patient data mining appear in all
departments along the product life cycle. They all put the costumer in the center of attention and enforce
the direct interchange. In production itself, the recorded data can be used after production to analyze the
processes for stable six-sigma process performance; a stable process will result in less complains and
more satisfied customers. The built-to-order approach in potential in after-production is comparable to
the two categories ‘Customer-to-market’ and ‘customized med devices vs. price’ in question 10. The
usage of “digital tools’ appears also in question 10 and underlines the importance of these tools. New in
this case study is that the category ‘transfer knowledge’ from other industries is stated.

Question 11 is generic: “Which additional comments do you have to the idea of Industry 4.0”. The
answers are printed in Appendix 8.7. In conclusion of this generic question, Industry 4.0 has a high
potential for med tech. The interviewed experts prognosticate an according market adjustment. The price
pressure will bring this change also in medical technologies. Other areas of industry are much faster to
implement this new way of digital thinking. Costumer designed devices are already standard for example
in the automotive industry. It is important that everybody understands the potential of this technology;
also, a trial & error approach can be used to develop new ideas. This will reduce the time to market.

4.2.4.2. Findings of part 3: automotive with predefined answers

Being different from the open questions with deep discussion in the case study for med tech, the
supporting survey for automotive industry is organized in multiple choice questions and has a larger
sample size. The first question in this part begins by investigating the barriers in automotive industry:

Which barriers do you think are existing in automotive industry for implementing Industry 4.0?
(Multiple choices as below)
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Table 9 - Feedback on barriers for implementing Industry 4.0 in automotive industry

Answer option percentage
Resistance from human resource perspective in the company, such as lacking skills or 30%
needing long time to learn by training.

Lack of financial support in the company and concern of uncertainty of clear turnover time.  45%
Lack of relevant skills, knowledge, experience, determination, and execution in the 45%
management board in the company.

Limited by the structure and workflow in the company, or the resistance from internal 60%
teams or employee due to existing work habits, concern of losing job or changes.

Technically lack of ability of system integration, data storage, data communication and data  45%
analysis.

Lack of willingness for proactive cooperation, interaction, and integration inside and 45%
outside the company, and also lack of relevant work standards and procedures.

Existence of relevant regulations limiting the implementation and promotion of Industry 4.0 10%

and digitalization in the field.

changes.” is a barrier for implementation of Industry 4.0.

industry:

Which processes do you think are still having space for continuously promoting and optimizing

Most of the participants stated that “Limited by the structure and workflow in the company, or the
resistance from internal teams or employee due to existing work habits, concern of losing job or

The second question explores the fields and aspects with potential to enhance Industry 4.0 in automotive

the Industry 4.0 and digitalization in automotive industry? (Multiple choices as below)

Table 10 - Feedback on processes having space to improve Industry 4.0 in automotive industry

Answer option percentage
Marketing and sales process, providing more personalized and individualized products with ~ 40%
convenience for customers

Cooperate with suppliers in purchasing and supply chain, use data sharing and data mining 60%

for optimizing efficiency

In production process, enhance the utilization of sensors, robots, and interaction between 30%

human and computers, make the production more intelligent

Trace customer data in after-sales process, pay attention to customer experience and 70%

needs, provide multi-channels for enhancing after-sales quality

Reflect the customer needs and experience directly in products during the RD process, and 70%

enhance data communication with suppliers, optimize design in RD process, improve the

efficiency for verification and production launching
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For the future business mode revolution with feasibility brought up by Industry 4.0, the question is:

For the new business models in automotive industry like the optional upgrade after sales, sharing
vehicles, sharing mobility, and the revolution that OEMs taking from Product-Benefit oriented to
Service-Profit oriented, do you think if they are indicating the future of industrial production?

The feedback is shown in the figure below:

12

- 1 absolutely not agree
2 not very agree

10

3 more or less OK
4 quite agree
5 absolutely agree

number of participants
6
|

0 1 2 3 4 5

answer

Figure 23 - Feedback for opinions on new business modes

In the final open question

Do you have any thoughts, comments, or supplementation about the implementation, promotion,
and application of Industry 4.0 in automotive industry covered by the questions above?
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There are several feedback categories as shown below. It can be seen that the main focus is on the smart
product development which should cooperate with data utilization from aftermarket data from smart

customers.

Table I | - Feedback on open question for extra commends and thoughts about Industry 4.0 in automotive industry

Category Feedback
Smart customers —  Vehicles are products from mass production, hardware is important part of costs.

Individualization brings many variations of parts and increase materials cost. It is not
recommended to pursue high individualization without clear thinking.
Smart product — Itisimportant parts for Industry 4.0: how to break current technology boundaries and
development traditional production mode, have more innovation and freedom for design and
manufacturing, seek end-user potential but un-discovered needs, reduce CO2 emission
and continuously improve materials and production skills.
—  Smart manufacturing has already gained common agreement, but there is still large

space for intelligence and cross-field cooperation in R&D and after-sales.

Comprehensive —  The automated production in local commercial vehicle production needs to be
enhanced. The level of globalization of service system needs large improvement. The
integration of R&D system and product update needs to be improved.

General — Itis the future with Industry 4.0.

— Digitalization and innovation have already deeply influenced full value chain in
automotive companies. Companies needs holistic planning to take the opportunity.

—  The concept of Industry 4.0 is wide. It is hard to change in the industry. As the change
begins, many things will change. e.g., the sales change will trigger the revolution on the
data storage and communication between company and dealers. To cope with the
revolution, after-sales, R&D, everywhere needs changes. | believe Industry 4.0
will happen, but | think it takes more effort for change than building from 0 like tesla.
There is huge challenge. The talent needs are different, skills and opinions are different,
and it also needs thinking how to upgrade brand image and attract talents with new

skills.
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5. Analysis of data and discussion

The previous section has shown the data of the historical review and the responses to the survey. In this
section, the data will be analyzed and set in the context of the case study and the literature to answer the
two research questions: “What is the maturity level of Industry 4.0 in a German med tech enterprise
with comparison to automotive enterprises?” and “How to overcome barriers and improve the Industry
4.0 level in the med tech enterprise?”

5.1. Current Industry 4.0 level in the med tech enterprise and automotive industry

In this section, the findings on the maturity level will be analyzed and discussed individually for the
four different areas of Industry 4.0.

5.1.1.  Smart business

As mentioned in chapter 4.2.2 the automotive and med tech industry have slightly different maturity
levels for smart business, with 2.6 vs 2.4 average level. The evaluated data is supported by the data from
the historical review: in the category “business model” in Figure 5 the maturity level for medical aids,
diagnostics and surgical products is estimated also between Level 2 and 3 as a comparable level scale.
This dedicated average maturity level is new to the current literature. From the definition of Level 3 in
the maturity evaluation model for smart business “two of the following aspects is digital linked to the
production and cross aspects: demand, supplier, resources, logistics”, it can be seen that most of the
respondents in the two industries believe that only one or two aspects above have been digitally linked
to production. Another common and obvious reason is the barrier between companies and their suppliers
are not yet broken down, and the companies are still not yet planning to build up interactive data
communication with suppliers and logistics for production. This can also be seen in the answers to the
open question in chapter 4.2.4.1 — the potential in pre-production for med tech is in process and interface
standardization. These findings are congruent with the identified main barrier “missing standards” in
the literature review in chapter 2.3. Automotive companies may already be performing cooperation and
synchronization with major suppliers several years before the Start-of-Production of the expected
supplied part, but those are mainly on the perspective of developing the supplied parts together. In the
historical review, it has been mentioned that more and more companies in automotive industry are
having individualized customer orders broken into detailed part needs and put in the purchasing and
supply chain system; however, the data is still not sufficiently shared in time with suppliers and logistics.
The fast-responding data communication is still not available among the different organizations, not to
mention the predictive forecast working scheme based on big data and machine learning. Closely
connected to the data communication are the interfaces between machines which are critical in med tech.
According to the feedback from the automotive industry survey, 45% of the respondents think that “Lack
of willingness for proactive cooperation, interaction, and integration inside and outside the company,
and also lack of relevant work standards and procedures” is an issue. In the literature review this and
the following were also identified as “social concerns” and “lack of standards and regulations, lack of
technology”. Analyzing the answers of the med tech case study, the category “mindset” is also one of
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the most often mentioned barriers in med tech. There are some further reasons behind this, such as
concerns of business confidentiality of company intelligence leakage to supplier and competitor, inertia
of changing traditional way of working, lack of determination in the companies to transform from
management board to the employees. Besides, the massive needs of different parts, thousands of
suppliers and long supply chain make the creation of a data communication system a challenging task.
In many companies, there still seems to be a lack of sufficient motivation to push a more profound
transformation in the purchasing and supply chain processes. This transformation requires profound
experts and resources, and there is a lack in med tech according to the case study results. In the answers,
the idea to transfer business models like “built to order” or a “costumer-centered-approach” appear, and
so it seems that these standard models have not been established up to now.

In comparison with the already drawn picture of Industry 4.0 in the context of smart business, the idea
of the connection between supplier and logistics completes the picture of a smart business.

5.1.2.  Smart factory process

In the implementation of the smart factory process, there is a statistically significant difference between
automotive and med tech as shown in 4.2.2. Automotive industry has a mean maturity level of 3,4 and
while med tech has 2,1. In the literature of the historical review for med tech, the evaluation of maturity
level was done in a wide range: additionally to the process aspect, the digitalization of value chains was
grouped in one class — the maturity is slightly higher compared to the case study with a mean around
2.5 for all three different industry branches of med tech (see Figure 5). According to the maturity
evaluation model, level 3 for smart factory means: “integration of process and data flows within the
company”. This corresponds to the description of the production lines in many historical reviews
(literature, clips, newspapers) and real facts in various automotive production plants, where large
amounts of sensors, robots, data communication systems and human-machine interactions are engaged.
In view to the literature review in chapter 2.1, this result can be emphasized and confirmed. Dozens of
thousands of supplied parts in automotive are assigned to hundreds of different points of production
lines by data management system with high flexibility and complexity. Level 4 smart factory requires
“data of the production flows with customers and external partners and intensive data use”. From the
evaluation result, it can be seen that even automotive industry is just on the edge of this level. Production
data flow might be partly flowing from the customer orders to companies and factories, but the only
information back to the customers is perhaps simply about the delivery date: “Dear customer: your
expected delivery date is ...”. For external partners, who actually are mainly suppliers and dealers, the
information might also be only a simple order with the needed amounts of parts for a specific period,
and the delivery dates for new vehicles to customers. Back to the origin of the smart factory where the
focus and core are oS and CPS, the automotive industry is performing well at least inside the factories.
When it comes to med tech industry, the analysis of the production gives different results. In view of
the categorized answers in chapter 4.2.4.1 digital systems like MES, smart processes, sensors and tools
have not been implemented up to now. “The standardized automated use of existing process data and
product data would be a first step to use the PPS systems that have been used as standard in other
industrial areas for 30 years.” was an answer of a participant. The price pressure created by competition
does not motivate or compel the process optimization with the same effect as it is does in the automotive
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industry. This learning is new compared to the known relevant literature and should be added in the
comparison of a med tech enterprise and the automotive industry. Consequently, a higher cost pressure

can help to overcome the barriers of implementing smart factories.

5.1.3.  Smart costumer process

For the smart customer process, there is a statistically significant difference between med tech and
automotive industry, as shown in 4.2.2. In the assessment of the historical literature review, variance
and mean value are comparable to the class “digitalization of products and services”, which corresponds
to the smart costumer process and the smart product development class, which follows below. This

completes the picture of the comparison between the med tech enterprise and the automotive industry.

According to the description of level 2 for smart customers in the maturity evaluation model, companies
on this level have “online presence separated from offline channels; product focus instead of customer
focus”, while the companies on the level 3 feature “Multichannel distribution with integrated use of
online and offline channels; data analytics deployed (e.g., for personalization)”. The improvement from
level 2 to level 3 is the enhanced attention on the online communication and on the data collection
activities involving customers, as well as the analysis of the collected data. This is perhaps also the main
reason for the difference of the evaluation results between the two industries. For automotive industry,
the historical review revealed that there is an individualization trend to customer product orders, which
reflects the online approaches to customers running parallel with the offline sales. In med tech, the idea
of customized products is present, but according to the case study and the historical literature review it
has not been implemented up to now. In the after sales process, automotive manufacturers keep closer
contact and interact with the customers using daily usage data, fast-responding customer service, and
optional update plans. One frequency appearing barrier and option to improve the Industry 4.0 level in
med tech is patient data mining to optimize new products, but according to the historical review missing
standardized interfaces and processes it isn’t implemented up to now. One additional fact is the aspect
of data security of this highly sensitive data. The data generated during the daily usage and interaction
in automotive industry not only contribute to the after-sales service quality, but also contribute to
continuous product optimization and give hint to next generation product development. In med tech
digital costumer processes are weekly pronounced, this becomes clear by analyzing the open answers
in the case study. “Automatic complaint reports” and the idea of a close contact to the costumer shapes
the requirements of the R&D department. It becomes clear that data security as a barrier in the med tech
has a much higher impact — it is an associated barrier to med tech additional to the known barriers in the
literature.

5.1.4.  Smart product development

In the smart product development process, the difference between med tech industry and automotive
industry is larger than that in smart customer process and significant too. This is shown in chapter 4.2.2.
The evaluation reveals that the feedback from customers is used for continuous product development,
and the iterative development is fast and promising. In the era of traditional vehicles, the product design
change was rather slow with focus on vehicle performance. When electrically controlled components
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and electronic are being used more and more in vehicles, the functions and services in vehicles also
become grow rapidly, like electrically adjusted seats, USB charging, no-key entry and no-key start,
remote heating, etc. Thanks to the continuous development and updates for optimization, the functions
can be directly given to the customers and can be fixed in much shorter time than before. More
importantly, when it comes to the era of electric vehicles and autonomous driving, there is the trend that
software design, control performance, and entertainment experience take half of the attention and feeling
of customers; in the meantime, the continuous development of the products will be even faster and faster
with software update levels. This is the reason why automotive industry is performing well, or at least
showing potential for faster and better smart product development.

For the med tech industry, a digital interaction between smart products cannot be recognized. The
interviewees gave answers like: “A commitment to implement ideas of Industry 4.0 is stated in the
company strategy but there is no concrete implementation strategy on a lower management level”. This
can be underlined by analyzing the answers on the maturity level: from not planned to be implemented
(Level 0) to first plans for implementation (Level 1) and Level 2 with first digital solutions are the most
answers. This is congruent to the pwc survey presented in chapter 4.1.1— for example, in “digital features,
products and services” the average level in medical aids is 1.5, in diagnostics and surgical products
between Level 2 and 3 but with a standard deviation of at least one level. The historical literature review
confirms the findings for med tech, for automotive the identified comparable maturity level is new.

5.2. How to overcome barriers and improve the Industry 4.0 level?

It could be seen that there indeed exists a clear difference between the med tech enterprise and
automotive industry for the implementation of Industry 4.0. To find the suggestions for improving the
Industry 4.0 level in med tech industry, the thesis will first investigate the common barriers in both
industries, and then move to the aspects that automotive industry is doing well, and which may be
inspiring for med tech industry.

5.2.1. Perspective of different barriers

In the feedback from the interviewees of the two industries, there are some common problems and
barriers that were regarded as impediment for the implementation of Industry 4.0. In the feedback from
automotive industry, the most frequently mentioned barrier is that the implementation of Industry 4.0 is
limited by the structure and workflow (standardization) in the company. Moreover, there is often
resistance from internal teams or employee due to existing work habits, concern of losing jobs or fear
of changes. 60% of the respondents in the automotive industry felt this is a major concern for
implementing Industry 4.0. These findings from the survey are matching what we can see from the
literature review and historical review. The literature shows this already as “missing standards” and
“organizational resistance”. (Glass, Meissner, Gebauer, Sturmer, & Metternich, 2018) (Raj, Dwivedi,
Sharma, Jabbour, & Rajak, 2020) (Horvath & Szabo, 2019). However, the med tech industry does not
have an obvious concern in this aspect. In med tech, there are rather concerns in mind set: to come up
with ideas to turn the common processes into new standardized and efficient digital processes. One of
the reasons in the automotive sector might be the high competition sales market among many OEMs in
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the world, and some concern in the job market with much more applicants and candidates than in the
med tech industry. The concern is also linked to the fast-evolving automotive technologies which are
experiencing a “technology revolution”. Many people working on internal combustion engines and
conventional vehicles are threatened by losing their job in the transition towards electrification, which
needs less components and simpler systems. The electrical engineering is becoming more and more
important. Furthermore, the new trend of the IT dominated automotive revolution is already in sight,
which may reform the job market another time. In med tech industry, the companies have different
advantages and market territories, and the competition is not as furious as in automotive industry.
Besides, product updates and evolutions are also not as frequent or big as in the automotive industry.
That is why the automotive industry is being more aware of this barrier. In med tech, the competition is
smaller due to less market participants. The discussion of sale prices in med tech are in a different
category compared to automotive industry: med tech (medical aids, diagnostics, surgical products) is
being bought and paid by hospitals, physicians, health insurances and rare to be bought directly by the
patient. In case of illness, the med tech — especially medical aids — are bought quickly and not with the
focus on the smallest price.

When it comes to other major concerns, the common grounds emerge. The respondents in automotive
industry believe that the Industry 4.0 implementation is slowed down by the lack of financial support,
necessary skills, management awareness, willingness of changes, and system integration. These can all
be seen in the literature review parts (Raj, Dwivedi, Sharma, Jabbour, & Rajak, 2020). Correspondingly,
the respondents in med tech industry reflected that the industry “needs readiness and willingness for
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investments for digitalization projects”, “finding capable resources”, “no concreate implementation
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strategy”’,
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need for speed incentives decision”, “need to find integrated systems”, etc. It can be seen
that the attention from the management, the awareness of employees, and financial support, and talent
and technology resources are problems that both industries are facing and need to be solved. The topic
“regulatory affairs”, which is a fundamental framework in med tech, is also a frequently mentioned
barrier. In contrast, this is only regarded as a minor barrier in automotive industry, like “existence of
relevant regulations limiting the implementation and promotions of Industry 4.0 and digitalization”. Due
to the unique property that med tech products are directly linked to customers’ and users’ health, there
must be strict and cautious regulations specifying the requirement on the products in order to secure the
safety of people using the products. The med tech companies are to some extent restricted in releasing
flexible and versatile products for different customers, and the product approval procedure is also more
tedious and stricter than that in automotive industry, which limits the possibilities of implementing
Industry 4.0.

To speed up Industry 4.0 in med tech industry, the above barriers need to be overcome by the industry
itself. The strict product regulations are not the fundamental factor obstructing the Industry 4.0 in med
tech enterprise, since the intelligent production and still happen under the regulations, and the innovative
way of working with Industry 4.0 in various processes also seems no objection from regulations. The
financial investment can also be solved as other industries, and relevant talent resources can be recruited,
too. The most important thing for the med tech enterprises is needing to change the mindset of being
satisfied with current way of manufacturing and try to embrace the new digital era. An already
mentioned option is the transfer of knowledge and of tested processes from the automotive industry.
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Returning to the example of home dialysis discussed in the historical review, an exemplary model will
be sketched: because of the decree of the US government, the concept of dialysis has to set up in a new
way. The product dialysis machine can be connected to a service provider. This service provider helps
and supports the patient along his whole dialysis therapy day by day. Using IoT, it is possible to order
all consumables in advance for a delivery just in time: the costumer (here the patient) does not need to
consider the delivery time and frequency of the consumables. In case of trouble and in case of emergency,
the service provider can provide a near-term solution. Further, a physician can monitor the relevant
parameters of the dialysis machine from distance via Internet. In case of complaints about the machine
or the consumables, the supplier can see the dialysis parameters and understand the reasons leading to
the complaint. Of course, there is one barrier to pay extra attention during implementation, which is to
protect the data security. This is important for automotive industry according to the reviews and survey,

but it is even more extremely crucial for med tech enterprises when concerning patients’ privacy.

5.2.2. Perspective of product life cycle

Another perspective to find suggestions for improving the Industry 4.0 implementation level is on the
level of product life cycle processes. In the automotive industry survey, respondents selected processes
for which they believe that there is a potential to perform better in implementing Industry 4.0, and 70%
of the respondents thought that the largest gaps are in after-sales customer interaction and the data
utilization in continuous product development. About 60% of the respondents believed that there is
potential also in purchasing and the supply chain. Next off, 40% of the respondents voted for marking
and sales, and 30% voted for smart production. The results reveal that in the minds of the people in
automotive industry, the implementation of Industry 4.0 is going well in the smart production process
in factories, and also in the new marketing and sales channels. However, there is still much space for
improvement in the after sales and continuous development processes.

Regarding the marketing and sales process, the med tech enterprise could improve the online presence
and approach potential customers proactively with new medias. The respondents mentioned in the
interview: “A customer-to-market approach should be the goal in order to fulfill the requirements of the
customer. Only customized solutions and superior customer service will help to differentiate in the
market in the future.” This is also what the automotive industry has already implemented and is
strengthening further. The marketing and sales in med tech should transfer this idea from the automotive
industry; for example, customized medical implants designed for the special requirements of each body
could be offered using online design and ordering tools. The costumer has to be become the center of
all marketing and sales activities.

For the purchasing and supply chain process, the progress in automotive enterprises is stagnating and
there is much work to improve. The respondent in med tech said: “There is potential everywhere!” The
cooperation of suppliers and logistics needs to be widened and deepened using more data exchange and
communication starting from product design and development stages. The regular inventory and
periodic order management needs to be smartly organized by using data analysis or even prediction
based on collected data information. The whole processes and logistics of purchasing and supply chain
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for production planning need to be integrated and coordinated together for best optimization and
efficiency.

For the smart production process, the med tech enterprise has fewer complex products than automotive
industry (fewer spare parts compared with a high complex car) but stricter regulatory requirements; this
does not mean there is no work to do for implementing Industry 4.0 in the smart production process.
The introduction of further intelligent identification, automatic control, data-based optimization, and
more human-machine interaction would still greatly improve the production efficiency and the Industry
4.0 implementation level in med tech.

For the after-market process, both fields need to pay more attention. A respondent in the med tech
interview replied: “as a company you need to constantly understand your customer insights and monitor
your product performance in the market. To gain data is of outmost importance to take relevant
decisions.” Companies are clearly aware of the importance of customer satisfaction and after-market
service quality, but they also need to enhance the awareness on the importance of customer data
collection and utilization. This is linked to the smart product development process, which highlights the
utilization of data collected from customers, and requires fast and continuous product updates in the
R&D process. The data has to be shared and communicated to various stakeholders for optimized
development organization, and the new cooperation mode should replace the previous slow and
conventional working mode. Data utilization assists the efficiency optimization, and data itself'is also a
resource for facilitating the optimization. The respondents from automotive voted that these two
processes are the ones having the largest potential to advance the Industry 4.0 implementation, but the
med tech enterprise needs further inspiration. A respondent from med tech mentioned that companies
need to enhance the post-market surveillance and use data to detect gaps in the product design, but it
needs to be clear that the product development gaps should be detected directly from the data generated
by customers rather than employing “surveillance” or “exploration” of companies. There are also
suggestions to enable automatic generation of complaining reports to R&D, and to offer time slots and
tools for direct communication between customers and R&D managers. The suggestions go in the right
direction, but they are not enough for pushing Industry 4.0. Warnings and reminders to R&D should not
come from complaining letters, reports, or customer communication, but should come from customer
utilization data. R&D should realize the customer needs even before customers themselves strongly
realize their needs. Production should monitor and control their processes to ensure that no quality
problems appear. When complains come to companies, it is already late to change course.

5.2.3. New business models

In the survey related automotive enterprises, some new business models are being mentioned. The first
one is the business model of Tesla, which provides upgrade opportunities after sales. This mode shows
the possibility for companies to continuously make revenue out of already sold products via optional
service packages or function updates. This replaces previous business modes which allow earning profit
only once during sales for a single product per customer. The new business mode is flexible, sustainable
and also satisfying the customer’ potential needs. This is also supporting the theory mentioned before:
maybe the customers have not known their needs during the first sale, but the after-sales utilization
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experience or the optional function updates help customers to realize new needs; at the same time the
products under the new business mode provide the possibility of further sales, for example, continuous
upgrades.

The second new business model is the sharing economy. Several years ago, the concept of sharing
economy emerged in the form of shared bicycles, shared cars and then shared scooters, and even some
smaller products like shared power banks, etc. During the recent years, the implementation of shared
bicycles has become the most accepted one. Public renting bicycle exist in many cities all over the world.
There are many reasons for the feasibility of this business mode: environment protection which
encourages people to use sustainable transportation method and lifestyle; a heathier and cleaner way of
tourism in city travels; and transportation convenience for people commuting between home and office.
The last reason is also called “solution for the last one kilometer”, which refers to the travel needs of
people taking bicycles between home and public transportation station, or between transportation
stations and office. The shared cars also have many pilot projects in many cities, but most of the projects
are not running very successfully. Main reason is that the operational models of the project are not
always satisfying the customers’ needs, like car locations, prices, car availability, charging mode, etc.
(Hahn, Ostertag, Lehr, Buttgen, & Benoit, 2019) However, these limitations could be mitigated using
new methods from the background of electrification and Industry 4.0. Firstly, electric cars can largely
reduce the fuel costs for users as well as car maintenance costs. Secondly, the possibility of “all things
connected” and big data optimization could enhance the car availability largely for better customer
experience, and also for project model design with best profit based on proper investment size.

The third new business mode is the trend that automotive OEMs intend to turn from the “Product profit”
based mode towards the “Service profit” based mode. The transition is to some extent the compromising
response to the stagnating growth of market size. After the economic crisis in 2008, the global car sales
have grown steadily until the year 2017, but then the sales stopped growing in 2018, and deceased about
four million in 2019 compared to 2018 (IEA, 2020). The statistics shows that the automotive industry
has already quit the fast-growth period and entered the market sustaining mode, which means that the
OEMs cannot expect to make a considerable profit by producing more cars like in the last decade. Profit
has to come from new channels and modes. One solution is that the OEMs run fleets by themselves,
either with the mode of shared cars like the project of M — Volvo Cars Mobility which replaced previous
Sunfleet project, or with the mode of taxi fleets like Caocao Mobility by Geely Motors. For the former
mode the OEMs own the fleets and implement shared cars for customers shortly renting cars to use,
while for the latter mode the OEMs own the fleets and run taxi or special customer transportation
services. The feasibility of the two modes is supported and driven by Industry 4.0. Without the powerful
data sharing and communication infrastructures and platforms, the new modes would not be profitable.
The trend reflects the intensive competition in the full value chain where upstream companies are
competing with downstream companies. The space to make benefit is being squeezed for companies in
the value chain, and original manufacturers need to transform and find new ways to make benefit.

The in this thesis identified new business modes in the automotive industry can be an inspiring example
for the med tech enterprises. Companies can and should certainly enhance Industry 4.0 in each product
life cycle process to improve efficiency and optimize operation, but they should also get out of the
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traditional logical circle and explore new possibilities for development. Regarding the new business
modes in the automotive industry, the med tech enterprises can also consider some changes in the
business mode: putting the costumer in the center of all decisions. A further business model might be
the overall view of the product life cycle with two costumers in center: the first costumer will be the
user like the physician, the hospital; the second but not secondary user is the patient. The question for
the new business model should be: How can the med tech satisfy both user groups? The already stressed
and exemplarily sketched case of dialysis (not home dialysis in general) and the associated market of
consumables should be used to develop an exemplary new business model based on the established and
successful models of the automotive industry. Success factors for the hospitals and physicians are an
extremely high quality with a really low rate of defects, because each defect leads to a deficiency in the
treatment and documentation additional to requests of the regulatory authorities follows. A further
success factor for the decision maker might be an easy digital fast ordering system which guarantees a
short and trustful delivery; this would enable the first user group to have less inventory in stock. The
price and the opportunity to order all disposables and the necessary equipment from one major supplier
is also important for the decision maker and should be implemented in a new business model. The
second user group focuses mainly on the quality. All other factors are secondary. The idea is the same
as in automotive industry: the costumer is the center of attention and has the opportunity to optimize the
actions based on reliable delivery processes.

A practical example based on the results of this thesis could be a fleet of dialysis machines for home
dialysis. There could be a share community in a city, where shared dialysis machines and the disposals
are delivered on demand. Problems could be solved via internet and data for the physician can be
recorded. A requirement for this will be the development of home dialysis according to the presented
historical review.
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6. Conclusion

To answer the two research questions of this thesis, a historical review was done both for med tech
industry and automotive industry, and subsequently, a survey including a case study for med tech and
for automotive enterprises was performed. The survey was carried among 30 participants (9 participants
from med tech and 21 participants from automotive) and analyzed together with results from the

historical review.

RQ 1: What is the maturity level of Industry 4.0 in a German med tech enterprise with comparison to

automotive enterprises?

To evaluate the implementation and maturity level of Industry 4.0 in a med tech enterprise, automotive
industry was used as a reference to compare to, with the further purpose of getting some inspirations for
improving the maturity level. The evaluation was done using two methods: historical review and survey
analysis. In the historical review part, the general conclusion on the maturity level of Industry 4.0 in a
med tech enterprise is that the overall performance is still at early stage. The average levels among
various production processes are mostly around level 2.5 or less. For automotive, it could be confirmed
from various channels, like video, blogs, interviews, and articles, that the implementation of Industry
4.0 in automotive production is advanced and that smart strategies to interact with customers are being
used. However, there is space to improve the processes of smart business and smart product
development. Generally, the implementation of Industry 4.0 in automotive enterprises is remarkable and
compelling compared with the med tech enterprise. Furthermore, there are emerging some new business
models in automotive industry which originate from the wider development of Industry 4.0 in the whole
society.

When it comes to the survey results and its analysis, the average level of Industry 4.0 in med tech
enterprise is around 2.0, while the average level in automotive industry is around 2.9. The detailed
performance in the various production processes matches with the results of the historical review, which
indicate that the maturity of Industry 4.0 in med tech is fully behind automotive industry. This level of
details in maturity study in Industry 4.0 implementation in a direct comparative is new to the known

literature.
RQ2: How to overcome barriers and improve the Industry 4.0 level in the med tech enterprise?

The historical review and the survey gave an abundant picture about existing barriers and difficulties.
There are some proven common barriers like lacking procedure, standardization, financial support,
talents, skills, etc. They were validated in both the historical review and the survey. There is also some
difference between the two fields of enterprises, regulations in med tech are the most prominent factor
limiting the implementation of Industry 4.0, since med tech industry is concerning directly people’s
health and needs stricter supervision. This factor is not obvious in automotive industry; the most
restricting factor in ask automotive enterprises is the internal resistance in the structure and flow, and
also the concern of employees about changes and losing their jobs. This factor is not so obvious in the

med tech enterprise, since competition and change in med tech market are not as intensive as in
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automotive. Besides, the employees in med tech enterprise are also having less social concern with the
Industry 4.0 transformation than the employees from the automotive enterprises.

For improving the implementation level of Industry 4.0, the barriers need to be overcome with
prioritized mindset change first in the med tech enterprise. Investments in various production processes
and talent resources are needed. The data security should also be highlighted. For detailed aspects of
production processes, much more attention on the interaction with customers in both sales and after-
sales via multi-channels is required, especially the data-driven interactions in the Industry 4.0 era. After
the data is collected and accumulated, the data should be agilely put in real use for swift and continuous
product updates. Using new tools to enhance the data communication and cooperation between
companies and suppliers is crucial to achieve success of the manufacturing companies. It is also
important to use big data for logistics and production prediction and optimization. Furthermore, the med
tech enterprise should think about ways to adapt new business models from automotive industry, like
sharing economy, fleet operation and sales with continuous product updates, to the needs of med tech
industry; this might push Industry 4.0 to a new stage.

Limits of the study and further research

The answers from the med tech industry are limited in the present study an enterprise in Europe. The
feedback given in the open questions was not explored deep enough. The enterprises from the
automotive industry were used as reference for comparison and inspiration; though the experience of
automotive industry in implementing Industry 4.0 can indeed bring up good examples to refer to, it was
unfortunately not adequate to clear out hints to diminish the most prominent barrier for med tech
industry, that is, the limitations caused by regulation.

For further research, it would be good to a have more profound discussion via interviews with people
working in med tech industry from different enterprises. The purpose would be to investigate deeper in
order to seek solutions for the identified barriers. The scattered suggestions in the feedback of this survey
should be unified and re-organized after sufficient discussions. The proposed solutions and reference
practices from automotive industry could be investigated for feasibility. The new business models
related to automotive industry could be studied and ideas to launch them in med tech industry could be
investigated. It should be mentioned that although automotive industry does not have the same issues
with regulation as med tech industry, it is also having hundreds of different regulations and requirements
for many properties of various components and for the complete vehicles. These regulations and
requirements also concern the customer’s safety and health and must be abided. The reason why
automotive industry can still proceed quickly in implementing Industry 4.0 is worthy to examine and to
think about.

Contribution

This thesis focuses on the Industry 4.0 implementation with the purpose of getting a clear evaluation of
the maturity level of Industry 4.0 in a med tech enterprise and then to investigate the barriers in
implementation and possible ways to improve the maturity level. Automotive enterprises were used as
a comparative reference. The historical review performed in this thesis primarily indicates that the
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maturity level of Industry 4.0 in med tech enterprise is indeed quite behind that in automotive
enterprises. Subsequently, a survey consisting of two parts was done for both industry fields: maturity
level evaluation and open questions for discussing barriers and solutions to improve the Industry 4.0
level. The analysis of the survey results supports the primary impression that the automotive enterprises
are making better progress with Industry 4.0 than med tech, and the practice experience of automotive
enterprises could be referred to med tech enterprise. The results answered the RQ 1 and validated the

impressions in literature review.

The research studied the main barriers and problems in implementing Industry 4.0. The research about
implementation barriers in the historical review and survey matched with each other and validated the
literature. It confirmed the regulation influence on med tech enterprises, and also showed less social
concern among employees. The study indicated the barriers which need to be focused on in order to
overcome difficulties and to improve the implementation of Industry 4.0 which are the mindset

changing, data security, as well as other common barriers.

The subsequent analysis contributed to the understanding of Industry 4.0 production in different
production processes and highlighted the interaction with customers which convey precious data flows.
These data flows will be more and more valuable in the new decade. Finally, the study emphasized the
trend and influence of new business models in automotive industry, they could be valuable to create
new ideas to initiate new business models and operation strategies in med tech industry. The inspiration
might start a new page in med tech industry and bring real benefit and convenience for the end-users of
the products from med tech industry. This might be the largest significance of the study.
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8. Appendix

8.1.

Closed Questions:

Survey guide for med tech

1. In which industry you are experienced? (if you have both, please vote for that one with most

knowledge)

question 1)

In which med tech product classes you are familiar with? (only applicable if med tech in

3. In which part of the product life cycle you have working experience? (if you have both or more,

please vote for that one with most knowledge)

N wn e

Where is your headquarter located?

How long is your enterprise acting in the field of med tech or automotive?

How do you see the maturity level in the four different areas of Industry 4.0?

Table 12 - Predefined answer options for maturity level question

Level 0: no
implementation planned

Level 1: analog player

Level 2: digital novice

Level 3: vertical integrator

Level 4: horizontal
collaborator

How many employees does the enterprise have where you get an individual insight?

Level 5: digital champion

smart business
(order, purchase,
supply chain)

The implementation is
not planned.

Level 0: no
implementation planned

The implementation is
planned, but not started
vet.

Level 1: analog player

one of the following
aspects is digital linked to
the production: demand,
supplier, resources,
logistics™

Level 2: digital novice

two of the following
aspects are digital linked
to the production and
cross aspects: demand,
supplier, resources,
logistics

Level 3: vertical integrator

three of the following
aspects are digital linked
to the production and
cross aspects: demand,
supplier, resources,
logistics

Level 4: horizontal
collaborator

demand, supplier,
resources, logistics until
production and
customers are linked
together with intelligence
and self-organization

Level 5: digital champion

smart factory
{engineering of
production
interfaces and
production}

The implementation is
not planned.

Level 0: no
implementation planned

The implementation is
planned, but not started
yet.

Level 1: analog player

“subprocesses are
digitized and automated”

Level 2: digital novice

“integration of process
and data flows within the
company”

Level 3: vertical integrator

“data [ofthe production]
flows with customers and
external parners;
intensive data use”

Level 4: horizontal
collaborator

“Fully integrated partner
ecosystem with self-
optimized, virualized
processes and
decentralized autonomy”

Level 5: digital champion

smart after sales
(marketing)

The implementation is
not planned.

Level 0: no
implementation planned

The implementation is
planned, but not started
yet

Level 1: analog player

*Online presence
separated from offline
channels; product focus
instead of customer
focus”

Level 2: digital novice

Multichannel distribution
with integrated use of
online and offline
channels; data analytics
deployed (e.g., for
personalization)®

Level 3:vertical integrator

ndividualized customer
approach and interaction,
together with value chain
partners®

Level 4: horizontal
collaborator

“Integrated customer
journey management
across all digital
marketing and sales
channels with customer
empathy and CRM*

Level 5: digital champion

smart products
(research and

development of the

product to match
costumer needs)

Open questions:

The implementation is
not planned.

The implementation is
planned, but not started
yel.

“First digital solutions and
isolated applications”

“Digital product and
semvice portfolio with
software, network (M2},
and data as key
Differentiator”

8. How could the digitalization level in Industry 4.0 enhance?

“Integrated customer
solutions across supply
chain boundaries;
collaboration with external
partners”

“Development of
disruptive new value
proposition with
innovative product and
senice portfolio; lot size
of one”

Which barriers in your area of knowledge (part 1) in implementing Industry 4.0 do you see and

why?
10.

i.e., customized orders, smart purchase/supply and why?

60

In which field in your area of knowledge (part 1) do you see a future potential in pre-production,



11. Which potential in your area of knowledge (part 1) do you see in after-production, i.e., in-use
interaction, data mining, continuous upgrade, shared economy?

12. Which additional comments do you have to the idea of Industry 4.0?
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8.2 Categorization matrix

Table |3 - Categorization matrix of options to enhance the maturity level

answer word phrase

category key word

comment

digital business models

MES Systems, digital systems to control the
production, automated production line,
standardized use of

Finding global standards, connection of
partners
Creation of mindset, reduced barriers in
mindset, awareness in thinking for
digitalization.
Build up educational level, resources and
headcount must be provided,

change processes for digital purposes

costumer centered view

Already available processes in other

business model

digital tools

interface standards

mindset

knowledge and resources

process adaption

costumer centered products

transfer knowledge

Implementation of business
models
Implementation of digital
tools for management and
control of production
through data
Implementation of standard
interfaces
Set up a positive mindset for
digitalization.

Improvement of knowledge
through providing training,
education and experts —
resources
Change of current processes
to adapt them to the digital
word
Set the costumer in the
focus of all doing, adapt the
digital readiness of products
Use knowledge from other

industries industries
Table 14 - Categorization matrix of barriers in implementation
answer word phrase category key word comment

Lack of Experts, Knowledge or resources
Decision making is not easy
Missing profound knowledge within

quite sluggish, there is no need

decision to grow along the known trodden
paths rather than exploring the options of
digitalization.
Complexity of subject matter

Issues related to production of medicine
goods / regulatory affairs
Data protection requirements are not
standardized globally

no knowledge/resources

no pressure

wrong mindset

high complexity
regulatory affairs

data security
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Missing knowledge, training
or experts, missing general
resources

There is no pressure to
change
Missing positive mindset for
digitalization

The complexity is too high
for implementation
Regulatory affairs limits the
digitalization
Missing standards for data
protection



Table |15 - Categorization matrix of potential in pre-production (customized orders, smart purchase)

answer word phrase

category key word
Customized med devices and kits, directly

Customer to market
build to order
A customer-to-market approach should be
the goal in order to fulfill the requirements
of the customer.
directly build to order

comment

The requirements of the
costumer have to be
centered, if he wants

customized goods, he should
get this.
built to order Production form, production

of goods beginning with
ability to deliver (stock in connection to

order
highest aim: ability to deliver -
registrations) typically trumps cost
There is potential everywhere! potential everywhere -
Mass production - acceptable cost — customized med devices vs. Potential in cost reduction
customized price

through digitalization for
customized goods
process adaption

(digitization) to reduce cost

individualize products and services at process adaption (digitization)
reduced cost and prices and improved
customer experience (lead times, ...) and
profitability
Standardization of processes within the Standard digital tools
organization as the basis for the use of
production control across the entire value
chain
Based on a standardized process, all further Reducing complexity
documents will be created automatically.
Whenever new requirements or evidence
will be added to the system, further
documentation will be updated
automatically.
Whenever new requirements or evidence data monitoring on market
will be added to the system, further
documentation will be updated
automatically.

Due to a higher
automatization and
standardized processes the
complexity is reduced.

Data gathering through use
of the goods

Table |16 - Categorization matrix of potential after production (in-use interaction, continuous upgrade, e.g.)

answer word phrase category key word comment
Data collection from patients/treatment and patient data mining
usage in development of products

Therefor MES systems are essential.

product data mining

Data mining during
Six sigma processes also have to be

production and usage.
six sigma processes -
achievable by the use of data
individualization of products built to order -
Getting access to existing networks for transfer knowledge -
digitalization
Consistent planning of down times to control digital tool -
resources
general increase of post market surveillance costumer focus
by closer contact to the customer

costumer focus through
closer contact between
market and producer

63



8.3. Answers to options to enhance the Industry 4.0 level

Department Answer Key word
Production Develop 14.0 business models which are attractive, although  business models
high margin markets do not force you to.
Implementation of MES systems for fully automated digital tools

production lines. -

It will come automatically by increased pressure of

competition. -
Digitalization and 14.0 will soon become a do-or-die-question. digital tools
Use smart processes and smart tools.

Purchasing Creating a mindset of digitalization within management and  mindset

and Supply employees. A lot of effort is needed to be made for the

Chain awareness in all generation, especially for elderly ones.
Build up an educational level for digitalization for young knowledge and
academics, trainees. But also establish further education for  resources
employees.
Finding clear and global standards to connect partnersin a interface standards
digital world.
Establish standards (without barriers, high investments) to interface standards

link partners easily. It should be also accessible for small and
midsize companies.

Other First is, to put the customer and his needs to the center of all costumer centered
Departments purposes of the enterprise. Based on that, all elements of the

(Quality, current supply chain need to be analyzed, compared to that.  digital tools
Controlling, Then, you can discuss, select, and implement the digital tools,

e.g.) what fits best to your business model, your customers and

your processes. If you realize, your processes are unsuitable  process adaption
for proper digitalization, change them.
The standardized automated use of existing process data and digital tools
product data would be a first step to use the PPS systems
that have been used as standard in other industrial areas for
30 years. Electronic identification of products, could also be  transfer knowledge
used in the application and possibly evaluated as a basis for
the further development of products.
Research and To implement the ideas and processes, which are already transfer knowledge
Development available at other industries already, resources and
headcount must be provided. Method experts which can plan knowledge and
and implement the tools should be hired and supported by resources
inhouse experts.

Marketing Better project planning including specific target formulation - mindset

and After also formulate non-targets. Digital Transformation also

Sales requires new mindset - help all employees to go through this knowledge and
transformation together and enhance training and resources

development.

64



8.4.

Department
Production

Purchasing
and Supply
Chain

Other
Departments
(Quality,
Controlling,
e.g.)

Research and
Development

Answers to barriers in implementing Industry 4.0

Answer

Lack of Experts. Lack of reimbursement.

Med tech is quite sluggish, there is no need for the
customers or marketing for Industry 4.0.

Complexity of subject matter. Need for speed incentives
decision to grow along the known trodden paths rather
than exploring the options of digitalization.

Issues related to production of medicine goods / regulatory
affairs

It is crucial to align digitalization with global regulatory
requirements.

Having the readiness and willingness for investments for
digitalization projects.

Finding capable resources (personnel, variety of digital
solutions).

Decision making is not easy in the broad range of digital
solutions - which solution is the best

Finding integrated systems that are capable to involve all
requirements. High-class-solutions are not easy to
implement or mostly a long-term project.

There a designers and operators: designers might pass by
the real requirements; operators are limited in knowledge
how to solve a current problem in digital world.
Compared to, e.g. automotive industries, many (not all!)
enterprises in medical devices industries did not have
pressure on margin and business model for decades. This
led, amongst other factors, to a "We are good enough,
therefore we don’t need that now!"-attitude. Therefore,
they do not give and give resources (money, staff, ...) to
that. As one of the results of this point of view,
management in medical device enterprises often talk lip
service to that matter and act accordingly (do not do
nothing or not enough or the wrong). They do not
understand that digitalization is crucial for their business.
That is the core- and key-barrier in implementing Industry
4.0. "It's the mindset to that, stupid!"

Data protection requirements are not standardized globally;
Interdisciplinary cooperation within the organization is not
sufficiently encouraged due to insufficient foresight in the
second management level

A commitment to implement ideas of Industry 4.0 is stated
in the company strategy but there is no concrete
implementation strategy on a lower management level.
Currently our company focusses 100% on the MDR transfer.
Resources on other projects are quite rare.
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Category
No
knowledge/resources
no pressure
high complexity
wrong mindset

regulatory affairs
regulatory affairs
wrong mindset

no
knowledge/resources
no
knowledge/resources
high complexity

no

knowledge/resources

Nno pressure

no
knowledge/resources
wrong mindset

data security

no
knowledge/resources

no pressure

no
knowledge/resources



Marketing Missing profound knowledge within the employees andto no
and After brought formulated goals. Be more specific in the knowledge/resources
Sales requirements - what do you actually want to transfer to a

digital world and how can this transformation help to

leverage production capacities.
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8.5. Answers to potential in pre-production (customized orders, smart purchase)

Department
Production

Purchasing
and Supply
Chain

Other
Departments
(Quality,
Controlling,
e.g.)

Research and
Development

Marketing
and After
Sales

Answer
Customized med devices and kits, directly build to order

Not much left to do and no need to do much more. Get
the in-bound supply chain right, that's it and that is
completed almost everywhere.

In med tech, specifically consumables, which is where | am
from, ability to deliver (stock in connection to
registrations) typically trumps cost.

All of our products, but requires a change of sterilization
There is potential everywhere! It seems that other
industries and countries are going forward.

Traditionally, all processes in industries aim on mass-
production. Therefore, you need a design (of products)
AND processes suitable to that ("One size fits all" in
products and processes).

This leads to acceptable cost and thus, prices. If a
customer (dealer, retailer, doctor, patient, ...) needs
individual products (services, processes), it is either
impossible (one Aspirin, one size of wheelchair, order just
in big lots) or much more expensive (personalized
wheelchair, personalized dialyzer, customized lot size, ...).
Thus, digitalization/ Industry 4.0 will, in pre-production,
help to individualize products and services at reduced cost
and prices and improved customer experience (lead
times, ...) and profitability.

Standardization of processes within the organization as
the basis for the use of production control across the
entire value chain (suppliers & customers) including
feedback in the R&D area

From a R&D point of view | am thinking of a
comprehensive digital documentation system with a risk
analysis as key element. Connected to this risk analysis,
there would be a plenty of test reports and other evidence
documentation. Based on a standardized process, all
further documents will be created automatically.
Whenever new requirements or evidence will be added to
the system, further documentation will be updated
automatically.

The major advantage of a fully digital process is that it
helps to reduce complexity, supports better decision
making and thus deliberates employees to use their
creativeness to foster innovation. A customer-to-market
approach should be the goal in order to fulfill the
requirements of the customer. Only customized solutions
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Category
Customer-to-market
built to order

highest aim: ability to
deliver

potential everywhere

built to order

customized med
devices vs. price

process adaption
(digitization)

Standard digital tools

Standard digital tools

Standard digital tools

Reducing complexity

reducing complexity

costumer-to-market



and superior customer service will help to differentiate in  data monitoring on
the market in the future, therefore as a company you market

need to constantly understand your customer insights and

monitor your product performance in the market. To gain

data is of outmost importance to take relevant decisions.

8.6. Answers to potential in after-production (in-use interaction, continuous

upgrade, e.g.)

Department
Production

Purchasing and
Supply Chain
Other
Departments
(Quality,
Controlling,
e.g.)

Research and
Development

Marketing and
After Sales

Answer Category
Improvement of products through patient data gained patient data mining
Track and trace will become necessary. Therefor MES product data mining

systems are essential. Six sigma processes also have to be six sigma processes
achievable by the use of data

individualization of products: custom / made to order, built to order

data mining: customer satisfaction, adverse reaction. Not

more. No follow-up business with implants. Once they are patient data mining
in, the business is done.

Data collection from patients/treatment and usage in patient data mining
development of products
Getting access to existing networks for digitalization. transfer knowledge

Creating exchange of knowledge across industry sectors.

In after-production, the potential is not to foresee yet.

Because the key-element of Industry 4.0 is "transferring

knowledge into a language, the technology is able to talk"

[software], for this area of value chain the sky is the limit.

Every gain in knowledge will lead immediately to new

ideas for a better customer experience and profitability.

Consistent planning of down times to control resources Digital tool
(material, components, energy, personnel, etc.)

automatic complaint reports customized for each product Product data mining

group
specific time slots and tools to realize direct contact costumer focus
between customers and R&D Managers

general increase of post market surveillance by closer costumer focus

contact to the customer (feedback apps on nee products

and changes)

As described in question 13 - especially for medical Costumer focus
devices, the importance for post-market surveillance will

increase in the future. The more data you can generate on product data mining
your products in the field - the better your chances to

detect gaps in the product or production design - and

finally the better the company is able to work on product

improvements.
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8.7. Answers to generic question - Industry 4.0

Department Answer category
Production Let’s fill the buzz word with content ! -

A few years down the road, we will see that reality has
overrun all of today's projections.
Establish the necessity of digitalization in the mindset of the  mindset

employees
Purchasing and It is crucial to digitalize the industry. But it seems to be a long digitalization is
Supply Chain way, especially in settled companies. crucial
Other Industry 4.0 is not just a new slogan to make consultants More than a
Departments selling better their services. The power and the impact of this slogan
(Quality, technologies is hard to compare with other, previous
Controlling, technologies (may be the letterpress, to say the last). With
e.g.) good reason, Industry 4.0 will re-shape the entire (business)
world. Enterprises and societies, who do not manage this cleaning of the
challenge ACTIVELY, will disappear. market

While attempts are being made to implement the idea of

Industry 4.0 in industrial areas with significantly lower

margins with comparable work creation and significantly

greater complexity of global supply chains, in medical

technology this vision is used as a marketing instrument

without really understanding the potential in it, through Legal conditions
consistent data collection and to offer data exchange

individualized solutions for patients. The legal conditions are  costumer involved

certainly a hurdle. in design process
In the automotive sector, customers can already get involved

in the design process. In medical technology, millions of customized
fitness trackers and recorded data offer a good basis for products and
individualized therapies / treatments. Even simple reducing costs

considerations about using platforms to reduce production
costs, developed 30 years ago, are only slowly finding their slow change in

way into medical technology. med tech
Marketing and  Make Industry 4.0 more specific so that everybody involved  14.0 easier to
After Sales understands his contribution. Break the problem down to understand

small working package and invest more in trial & error

approaches, which would also include parallel prototyping trial & error

and process design. approach
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8.8. Survey for automotive

Part 1: Background information (closed questions)

A

Which industry segment are you in?

Which department are you working in?

What is the size of the total employee in your company?
How long has your company been running in the industry?
Where is the headquarter of your company?

Part 2: Maturity level evaluation (Rating questions, rating values from 0 to 5)

o o

What do you know about the realization degree of Industry 4.0 in smart business aspect?

What do you know about the realization level of Industry 4.0 in the smart factory aspect?
What do you know about the realization level of Industry 4.0 in the smart customer aspect?
What do you know about the realization level of Industry 4.0 in the smart product development

aspect?

Part 3: Barriers and improving the Industry 4.0 implementation

10. Which barriers do you think are existing in automotive industry for implementing Industry 4.0?

(Multiple choice question:)

Resistance from human resource perspective in the company, such as lacking skills or
needing long time to learn by training.

Lack of financial support in the company and concern of uncertainty of clear turnover time.
Lack of relevant skills, knowledge, experience, determination, and execution in the
management board in the company.

Limited by the structure and workflow in the company, or the resistance from internal
teams or employee due to existing work habits, concern of losing job or changes.
Technically lack of ability of system integration, data storage, data communication and
data analysis.

Lack of willingness for proactive cooperation, interaction, and integration inside and
outside the company, and also lack of relevant work standards and procedures.

Existence of relevant regulations limiting the implementation and promotion of Industry
4.0 and digitalization in the field.

11. Which processes do you think are still having space for continuously promoting and optimizing

the Industry 4.0 and digitalization in automotive industry?

Marketing and sales process, providing more personalized and individualized products with

convenience for customers
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e Cooperate with suppliers in purchasing and supply chain, use data sharing and data mining
for optimizing efficiency

e In production process, enhance the utilization of sensors, robots, and interaction between
human and computers, make the production more intelligent

e Trace customer data in after-sales process, pay attention to customer experience and needs,
provide multi-channels for enhancing after-sales quality

e Reflect the customer needs and experience directly in products during the RD process, and
enhance data communication with suppliers, optimize design in RD process, improve the
efficiency for verification and production launching

12. For the new business models in automotive industry like the optional upgrade after sales, sharing
vehicles, sharing mobility, and the revolution that OEMs taking from Product-Benefit oriented
to Service-Profit oriented, do you think if they are indicating the future of industrial production?

13. Do you have any thoughts, comments, or supplementation about the implementation,

promotion, and application of Industry 4.0 in automotive industry covered by the questions
above?
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8.9. Transcription of the Videoclip “Digitalization in the Medical Device Industry”

URL: https://www.youtube.com/watch?v=ijW5rl FYAA

Date: 2021-05-01

Description: “This video shares how digitalization helps medical device companies improve innovation
and drive profitable growth despite increased complexity. It offers a look at what a digital medical device
company looks like and offers three initiatives companies can use to start their digital transformation.
For more information on digitalization for medical devices from our sponsor Siemens, a leader in

digitalization for the manufacturing industries, please see https://www.plm.automation.siemens.co...”

Transcription:

Medical device industries decision makers are wrestling how to drive profitability with increased
complexity. Global competition, increased price pressure and higher regulatory scrutiny show that status
quo is not good enough anymore. It needs to much on paper and digital documents, leads to missing
deadlines, mistakes, and inefficiency. Each department works independently on their own information,
leading to integration errors, compliances, and market delays. That leaves no chance to provide
traceability or capture the knowledge to learn and improve. Digitalization helps to develop innovative
products and bring them quickly in high quality to market. They realized they need digitalization to
innovate in ways never before possible to get nimble and fast to market despite by complex products
and regulatory scrutinizing. But how to do this? Medical device industries must transfer their businesses.
The path is proven. They can learn from other industries. They are further along this digital journey. Let
us have look to a digital enterprise. Each step in developing and producing devices takes advantages in
digital data, virtual product models and a cohesive thread of digital information. By with digitalization
designed work flows digital medical device industries can connect data in processes across disciplines
and the life cycle, leverage digital data from one step to the next, streamline engineering, reduce errors
and improve traceability. Manufacturing can leverage and extent digital product models with
manufacturing instructions to create a cohesive model. Digitalization let’s get them advantage about
automation to commission production quickly. Seamless managed quality and track manufacturing
execution to create transparency and a integrate digital thread. Execution and market data is collected
automatically, allowing to learn from continuous improvement and a digital company closes the loop
the provide feedback back to engineering. The benefits are clear, but digitalization is a journey. The
important thing is to pick up a first step. The three areas where medical device companies are archiving
significant value are digital design, digital design transfer and paperless manufacturing. It’s time to
choose an initiative and get started, proof the value of digitalization and grow greater value on this
foundation.
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